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BELGRADI,
in typographia principatus Serbici

1874,

The title page of the first journal volume in Latin

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

y KojeM ce 06jaBbyjy pasou €wiaHoBa CpIICKOT JIeKapCKOT pYIITBa,
TIPETIIATHMKA YacOTIVCA Vi 4IAHOBA IPYTUX APYIITaBa MEVUIMHCKIX ¥ CPOTHIX
crpyka. O6jasbyjy ce: yBOIHMIIM, OPUTVMHAIHYA PajIOBH, IIPETXO/{HA I KPATKa ca-
OINIITEHA, IIPUKa3y GO/IECHNKA U CTy4ajeBa, BUIeO-WIAHIIN, CTIUKe U3 KIIMHIIKe
MeJIVIHe, TIPET/Ie{HN PajIOBY, aKTye/THe TeMe, PaJIOBM 3a IIPAKCY, PajIOBY U3
MCTOpYje MeUIIMHE Y je3VKa MeMIINHE, MeIUIIMHCKE eTVKE VI Pery/aTOPHUX
CTaHJAp/la Y MeMIMHY, U3BEIITaj) ca KOHIPeca M Hay4YHMX CKYIIOBA, TINMYHY
CTaBOBMU, HAPYYEHY KOMEHTAPU, MICMa YPEJHUKY, IIPUKA3U KIbUTA, CTPyYHE
BeCTU, In memoriam u gpyru Npuao3mu.

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

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

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

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

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

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

Cpncxu apXVB 3a IENIOKYITHO TeKapPCTBO je Yacomc CPIICKOT IeKapCKOoT

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

issue published in 1874. Serbian Archives of Medicine publishes articles of
the Serbian Medical Society members, subscribers, as well as members of other
associations of medical and related fields. The journal publishes the following
article types: editorials, original papers, preliminary and short communications,
case reports, video-articles, images in clinical medicine, review articles, current
topics, articles for practitioners, history of medicine articles, language of medi-
cine 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.

All manuscripts under consideration in the Serbian Archives of Medicine
may not be offered or be under consideration for publication elsewhere. Articles
must not have been published elsewhere (in part or in full).

The submitted manuscripts are forwarded by the Editorial Board to reviewers
for editing and evaluation. If the reviewers find that the manuscript needs to be
modified or amended, the copy of the report is sent to the author(s), requiring of
them to make necessary modifications or amendments of the text or to provide
argumentative explanation of their disagreement with the suggested reviewer’s
remarks. The final decision on acceptance of the article for publication is made
by the Editor-in-Chief.

The authors shall not be remunerated for the published articles, and they
are required to assign copyright of their papers to the publisher. Manuscripts
and enclosures shall not be returned to the authors. Reproduction or repeated
publication of any section of the manuscript already published in the “Serbian
Archives” requires the publisher’s approval.

The articles are printed in the English language with an abstract both in
English and Serbian, or in the Serbian language, Cyrillic alphabet, with an ab-
stract in Serbian and English.

Authors accept full responsibility for the accuracy of all content within the
manuscript. Material in the publication represents the opinions of the authors
and does not necessarily reflect opinions of the Serbian Medical Society. Because
of rapid advances in the medical sciences, users should independently evaluate
information before using or relying on it. Serbian Medical Society, the Editor
or Editorial Board of the Serbian Archives of Medicine do not accept any re-
sponsibility for the statements in the articles. Advertising material is expected
to conform to ethical (medical) and legal standards. Inclusion of advertising
material in this publication does not guarantee the quality or value of such
product or claims made by its manufacturer.

Submission of the manuscript implies that its publication has been approved
by the responsible authorities at the institution where the work has been carried
out. The publisher will not be held legally responsible should be any claims
for compensation. Details of all funding sources for the work should be given.
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SUMMARY

Introduction/Objective We aimed to investigate the effects of diabetes mellitus (DM) on rat dental pulp
repair by measuring time-dependent changes in expressions of vascular endothelial growth factor (VEGF)
and bone morphogenetic protein 2 (BMP 2) following direct pulp capping.

Methods Two groups, each of 20 Wistar rats, received either streptozotocin (for DM induction) or the same
volume of sterile saline. A week later, the pulp of maxillary and mandibular right incisors in diabetic and
non-diabetic groups were exposed and capped with calcium hydroxidein order to provoke reparative
response. The levels of VEGF and BMP 2 were determined in the pulp tissue lysates one and seven days
after the pulp capping, using enzyme-linked immunosorbent assays.

Results Diabetic state per se increased VEGF level, with a peak at first day after the pulp capping
(19.3 £0.9 pg/mg, p < 0.001), but did not affect BMP 2 levels. Significant increase of BMP 2 expression
was noticed on the seventh day in capped pulp, but only in diabetic rats (16.7 + 1 pg/mg, p = 0.001).
Positive correlation between VEGF and BMP 2 was found on the seventh day following capping, only in
diabetic pulp (r=0.905, p = 0.003).

Conclusion Diabetes-induced increase in VEGF expression reflects changes in the inflammatory phase
of pulp repair in DM. Increase in BMP 2 expression suggest that stimulating effect of calcium hydroxide
appears seven days after diabetic pulp capping.

Keywords: dental pulp capping; diabetes; vascular endothelial growth factor; bone morphogenetic

protein 2; calcium hydroxide

INTRODUCTION

Under pathological conditions, such as injury
or infection, the dentine—pulp complex shows
significant reparative response initiated by an
inflammatory reaction, prerequisite for pulp
healing and mediated principally by macro-
phages [1]. Besides clearing the injury site,
macrophages are the main source of the growth
factors (GF), including vascular endothelial
growth factor (VEGF) and bone morphoge-
netic protein 2 (BMP 2), required for tissue
repair [2, 3].

Dental pulp repair rely on dental pulp stem
cells that migrate to the site of injury, differ-
entiate and proliferate into endothelial cells,
involved in angiogenesis, or into odontoblasts
— for dentin generation, processes regulated
by GE among others VEGF and BMP 2 [1, 4].
Recent study by Aksel et al. [4] showed that in
vitro delivery of VEGF and BMP 2 significantly
enhanced the angiogenic and odontogenic po-
tential of human dental pulp stem cells. Note-
worthy, the alteration in expression of VEGF

and BMP 2 has been identified within human
dental pulp cells in inflammation as well as in
human diabetic pulp tissue [5, 6, 7].

Diabetes mellitus (DM) impedes the healing
of dental pulp resulting in inadequate repara-
tive response, yet underlying molecular mecha-
nisms are still not clarified [8]. A recent study
investigating diabetic wound healing point at
alterations in the inflammatory phase due to
macrophages dysfunction as a critical event
in impaired tissue healing in DM [9]. Having
in mind that the dental pulp, due to its lim-
ited collateral circulation, is especially sensi-
tive to diabetes-induced circulatory disorder
and associated failure to deliver components
of the immune system and GF, we aimed to
investigate effects of diabetes on initial events
of dental pulp repair by means of measuring
time-dependent changes in VEGF and BMP 2
expression in rat dental pulp following direct
capping [10].
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METHODS
Reagents

Streptozotocin (STZ) was purchased from Sigma-Aldrich
(Sigma-Aldrich, St. Louis, MO, USA). The enzyme-linked
immunosorbent assay (ELISA) kits for VEGF (Rat VEGF
ELISA Kit) were purchased from RayBiotech Inc. (RayBio-
tech Inc., Norcross, GA, USA) and the ELISA kits for BMP
2 (Quantikine BMP-2 Immunoassay) were purchased from
R&D Systems Inc. (R&D Systems Inc., Minneapolis, MN,
USA). Other reagents, medicaments, and dental materials
were procured from standard local commercial suppliers.

Experimental animals

The study was conducted on 40 Wistar rats with a body
weight between 250 g and 300 g obtained from the Mili-
tary Medical Academy in Belgrade, Serbia. The study was
reviewed and approved by the Ethics committee of the
School of Dental Medicine, University of Belgrade (ap-
proval number: 36/8) and was carried out in accordance
with the EU Directive 2010/63/EU for animal experiments.
The animals were randomly allocated in either experimen-
tal (diabetic) or control (non-diabetic) group (20 animals
per group). Both the experimental and the control group
were additionally divided into two groups of 10 animals
according to the duration of induced pulp reparative re-
sponse (day one and day seven). All rats were housed in
wire-bottomed cages (five animals per cage), with ad li-
bitum food and water, on a 12-hour light-dark schedule.

Diabetes induction

All the animals underwent overnight fasting prior to in-
duction of hyperglycemia by intraperitoneal injection of
60 mg/kg of STZ, ex tempore dissolved in sterile saline [11].
Animals in control group were injected with the same vol-
ume of sterile saline. Blood glucose levels were estimated
on blood from tail vein using GlucoSure glucometer and
Touch-In test strips (Apex Biotechnology Corp, Taiwan),
tive minutes before, 24 hours, and seven days after STZ or
saline administration. Only the animals showing 200 mg/dl
blood glucose level were considered as diabetic.

Operative procedures

One week after the STZ or sterile saline injection, all ani-
mals underwent cavity preparation procedures on distal
surfaces of right mandibular and maxillary incisors in
order to provoke pulp reparative response. Left incisors
remained intact and served as controls. The rats were an-
aesthetized with an intramuscular injection of 20 mg/kg
tiletamine-zolazepam combination (Zoletil 100, Virbac,
Carros, France). Before cavity preparation, the oral cav-
ity was disinfected with 0.2% chlorhexidine digluconate
(Curasept 220, Curaden International AG, Kriens, Swit-
zerland) and teeth additionally scrubbed with cotton pellet
soaked with 70% ethanol. Aided with magnifying glasses
(magnification 4.5x; Zeiss, Aalen, Germany), cavities were
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prepared with a micro motor handpiece and a carbide
round burs (ISO 006; NTI, Kahla, Germany) until the pulp
was visible. The cavities were prepared under constant wa-
ter cooling. Pulp exposure was subsequently created with
a sterile sharp probe (Ref. 27-3; HLW, Wernberg-Koblitz,
Germany). The cavities were rinsed with saline solution,
and hemostasis obtained with sterile, saline soaked paper
points. After the careful air-drying of the cavities, pulp tis-
sue was directly capped with calcium hydroxide (Ca(OH),)
paste (Life; Kerr Corp., Orange, CA, USA) in order to in-
duce reparative response, and cavities were restored using a
self-etch, flowable composite restoration material (Vertise
Flow; Kerr Corp., Orange, CA, USA).

Sample collection and preparation

Sacrifices of randomly chosen 10 animals in both diabetic
and non-diabetic group were done one day after the cap-
ping procedure, using an overdose of thiopental-Na (Tra-
panal, Nycomed, Konstanz, Germany). The sacrifices of
remaining 10 animals in diabetic and non-diabetic groups
were done in the same way seven days after the induction
of pulp reparation. The incisor teeth were extracted and
split using excavators and pliers, and pulp tissue evacuated
with sterile probes and tweezers. The samples of pulp in
reparation were formed as pools of pulp tissue from right
mandibular and maxillary incisors of a single animal. Simi-
larly, pools of intact pulp tissue were obtained from contra
lateral intact incisors. Specimens were transferred directly
to previously weighed Eppendorf tubes. Tubes with pulp
tissue were then measured for total weight and stored at
-70°C until further use. All weight measurements were
conducted using high precision (readability: 10 g) Adven-
turer ™ digital balance (OHAUS, Corp., Pine Brook, NJ,
USA). The samples weights were calculated by subtracting
total and empty tubes weights.

After homogenization, the pulp tissue lysates were
centrifuged at 5000 g for 10 minutes in micro-centrifuge
(Heraeus* Biofuge Primo R, Thermo Fisher Scientific,
Waltham, MA, USA), the supernatants were collected,
divided into two aliquots (for VEGF and BMP 2 concen-
tration measurement) and stored at -70°C until further
analysis.

Vascular endothelial growth factor and bone
morphogenetic protein 2 quantification

Concentrations of VEGF and BMP 2 were measured in
supernatants of rat pulp tissue lysates using ELISA kits
according to the manufacturer’s instructions. The absor-
bencies of microplate wells at 450 nm were recorded using
Multiskan EX microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA). Each standard and sample was run
in duplicate for both GF and the value used for statistical
analysis was the average of two readings. The final GF
concentrations of each pulp sample were normalized to
its total weight. Results were expressed as pg/mg of pulp
tissue.
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Statistical analysis

Mean values and standard error of mean (SEM) were used
for descriptive statistics of the sample. Parametric statisti-
cal analysis was used since the obtained concentrations of
GE, blood glucose levels and body weight were normally
distributed (Shapiro-Wilk test, p > 0.05) and variance of
observed groups were homogenous (p > 0.05). Data were
analyzed using one-way analysis of variance (ANOVA) with
post hoc Holm-Sidak method for pairwise comparisons, and
Pearson correlation coefficient. Analyses were computed
with the statistical software SPSS Statistics for Windows,
version 18.0 (SPSS Inc., Chicago, IL, USA). A p value less
than 0.05 was considered to be statistically significant.

RESULTS
Variables of diabetic state

Diabetic animals expressed hyperglycemia and significant
loss of body weight (Table 1).

Table 1. Glycaemia (mg/dL) and body weight (g) values in
experimental animals

Group Initial Final Initial Final
glycaemia | glycaemia weight weight

Diabetic 90.8+2 |[204.7+23%| 277 +5.78° | 246 +6.18¢

Non-diabetic | 95.1+2.3 |100.9+22%| 287 +£4.96 | 299+3.7

2vs. glycaemia in all other groups;

bys. initial glycaemia in diabetic group;

<vs. final body weight in diabetic group;

dvs. body weight in nondiabetic groups;

Values are presented as mean =+ standard error of mean. Superscript letters
represent significant differences (p < 0.05, One-way ANOVA & Holm-Sidak
post hoc test).

Diabetic group - experimental animals received streptozotocin; Non-diabetic
group - experimental animals received saline; initial glycaemia and body
weight values were estimated five minutes before Streptozotocin/saline
injection; final glycaemia and body weight values were estimated at the time
of sacrifice;

Vascular endothelial growth factor protein
expression in dental pulp

Diabetic rats showed significant increase of the VEGF pulp
levels (p < 0.001) compared to non-diabetic in both intact
and capped pulp, regardless of examined capping time dura-
tion (Figure 1). Diabetes per se increased VEGF levels at both
time points: 19.3 £ 0.9 pg/mg in diabetic vs. 11.7 £ 1.8 pg/mg
in non-diabetic intact pulp on the first day, and 18.5 £ 0.6 pg/
mg in diabetic vs 10.7 £ 1.2 pg/mg in non-diabetic intact
pulp on the seventh day. Also, capping with Ca(OH), per se
increased VEGF levels on the first day both in diabetic pulp
(28.2 £ 1.7 pg/mg in capped vs. 19.3 £ 0.9 pg/mg in intact
pulp) and in non-diabetic (18.9 + 1.0 pg/mg in capped vs.
11.7 + 1.8 pg/mg in intact pulp).

Bone morphogenetic protein 2 protein expression
in dental pulp

BMP 2 pulp levels were not significantly altered in dia-
betic compared to non-diabetic animals, in either intact or
capped pulp. However, on the seventh day, diabetic capped
pulp showed significantly higher BMP 2 levels compared to

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):673-678
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Figure 1. Vascular endothelial growth factor levels (pg/mg of tissue)
in intact and capped dental pulp in diabetic and nondiabetic rat. Bars
represent mean * standard error of mean of pulp vascular endothelial
growth factor levels on the first (A) and the seventh day (B) after pulp
capping in diabetic and nondiabetic rat

ap < 0.001 diabetic compared to nondiabetic rats;

bp < 0.001 capped compared to intact pulp
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Figure 2. Bone morphogenetic protein 2 pulp concentrations (pg/mg
of tissue) in intact and capped dental pulp in diabetic and nondiabetic
rat. Bars represent mean + standard error of mean of the pulp bone
morphogenetic protein 2 levels on first (A) and seventh day (B) after
pulp capping in diabetic and nondiabetic rat

b - p =0.001 capped compared to intact pulp
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Table 2. Vascular endothelial growth factor and bone morphogenetic protein 2 correlations
Sl £l [ I I \Y v Vi vil vill
groups
GF VEGF VEGF VEGF VEGF VEGF VEGF VEGF VEGF

I | BMP2 :;'g:ggg

| BMP2 ;.8:233

m | BMP2 ;%32'2;

v | BMP2 ;’8:2;2

vV | BMP2 ;,::_8_'32;;

Vi | BMP2 ;%"5299%,,

Vil | BMP2 ;'8222
Vil | BMP2 ::gfggi

GF - growth factor; r - Pearson correlation coefficient;

*significant correlation (p < 0.05); experimental groups: | - diabetic rats, capped pulp, first day; Il - diabetic rats, intact pulp, first day; Ill - diabetic rats,
capped pulp, seventh day; IV - diabetic rats, intact pulp, seventh day; V - non-diabetic rats, capped pulp, first day; VI - non-diabetic rats, intact pulp, first day;
VIl - non-diabetic rats, capped pulp, seventh day; VIl - non-diabetic rats, intact pulp, seventh day;

diabetic intact pulp (16.7 £ 1.0 pg/mg vs. 10.7 + 0.2 pg/mg,
p =0.001) (Figure 2).

Vascular endothelial growth factor - bone
morphogenetic protein 2 correlations

In non-diabetic animals, there was a significant negative
correlation between pulp VEGF and BMP 2 levels on the
first day after capping. In diabetic pulp samples, VEGF
and BMP 2 were positively correlated on the seventh day
after capping (Table 2).

DISCUSSION

Pulp healing in rats shows histological similarity to pulp
healing in humans after direct pulp capping with differ-
ent dentinogenetic-stimulating agents [12]. Although rat
molar teeth are more frequently used as model for hu-
man teeth for histological analysis of dentin repair [13],
in the present study, due to voluminous pulp, incisor
teeth were used in order to provide the required amount
of pulp tissue necessary for VEGF and BMP 2 quantifica-
tion. Rodent incisor teeth, although differing from hu-
man for their constant growth, were proposed as a useful
model for evaluating potential human dental pulp reac-
tions to pulp capping agents and were used previously to
evaluate several aspects of pulp repair and inflammation
[14, 15]. The repair of dental pulp after direct capping by
Ca(OH), implies following sequential steps: a moderate
inflammation, migration of dental pulp stem cells, their
proliferation and differentiation resulting in reparatory
dentin formation [1]. Inflammation is prerequisite for pulp
repair as a first step, resolved during the first week and
is characterized by infiltration of macrophages starting
from the first day after trauma or capping [1, 16]. Spiller

‘ DOI: https://doi.org/10.2298/SARH200228057I

et al. [17] showed that M1 macrophages, predominant in
initial inflammatory phase, express VEGF gene in order
to support angiogenesis but also, VEGF is necessary for
M1 to shift to M2 macrophage phenotype and to resolve
inflammation [18].

Present results show that capping procedure induce
VEGF expression being the prominent on the first day
after the procedure while returning to control levels on
the seventh day after the capping, suggesting significance
of VEGF for the inflammatory phase of pulp repair after
capping. Namely, previous studies showed an increase in
capillary proliferation and inflammation being intensive
one to three days after direct pulp capping of rat teeth with
calcium hydroxide, suggesting time line for inflammatory
phase following capping [12].

The effects of Ca(OH), as capping material rely on its
dissociation into calcium and hydroxyl ions. Hydroxyl ions
exhibit antibacterial properties due to alkaline reaction and
stimulates reparative dentin formation [19]. Oxidation of
hydroxyl ions results in formation of hydroxyl radicals,
which is able, as reactive oxygen species (ROS), to induce
VEGF expression [20]. Beside ROS, another potent stimu-
lus for VEGF induction is hypoxia. In line with this, our
results show that experimentally induced diabetes caused
a significant increase of VEGF levels in intact and capped
dental pulp. This is probably induced by both hypergly-
cemia and hypoxia, strong stimuli for VEGF induction,
effects potentiated by the fact that dental pulp has lim-
ited or no collateral circulation, therefore is more prone
to hypoxia-induced VEGF induction [21]. Furthermore,
intensive ROS generation and resulting oxidative stress
are hallmark of diabetes and induced VEGF [22] and, ac-
cordingly, our previous studies showed oxidative stress in
dental pulp tissue of patients with type 2 DM [23]. In line
with the proposed mechanism of redox-mediated VEGF
induction by Ca(OH),and DM is the fact that present
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results show the greatest VEGF induction in both capped
and diabetic dental pulp. Having in mind that diabetic state
is characterized by an imbalance in the ratio of M2-“anti-
inflammatory” and M1-“pro-inflammatory“ macrophages
in the favor of the latter [24], present results of enhanced
VEGF expression in DM could be reflecting proinflam-
matory state induced by M1 macrophages prevalence, but
also VEGF overexpression could contribute to resolving
inflammation by activation of M2 “anti-inflammatory
macrophages®.

Regarding BMP-2 levels, present results show significant
increase in BMP 2 expression only in diabetic rats, seven
days after pulp capping, suggesting that BMP-2 induction
depends on both Ca(OH), and diabetic state. It is well
known that BMP 2 promotes the differentiation of pulp
stem cells into odontoblasts and production of reparative
dentin, phases following inflammation resolution [25]
which is in line with presently observed negative correla-
tion between VEGF and BMP-2 observed on the first day
after capping in non-diabetic pulps. Regarding mecha-
nisms underlying stimulatory effects of calcium hydroxide
on BMP 2 expression under diabetic state, it is noteworthy
that in addition to ROS-stimulated BMP 2 expression [26],
increased availability of Ca*? ions is also associated with an
increase in cellular BMP 2 expression [27]. These effects
are potentiated in the diabetic state- state of oxidative stress
and acidic environment which enhance BMP 2 expression
and stability [28] but also, BMP 2 -VEGF mutual associa-
tion, suggested by observed positive correlation between
BMP-2 and VEGF in DM. Having in mind that dental pulp
stem cells isolated from diabetic patients show diminished
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CONCLUSION
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Penapaumja gujabetnyHe 3y6He nynne — ynora BacKynapHor eHaoTenHor pakTopa
pacTa U KoCTHOr MOpdoreHeTCcKor NpoTenHa 2
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CAXETAK

YBoa/Liwb Linsb oBe cTyauje 61o je fia ce ncnuta epekat auja-
6eTeca MennTyca Ha penapauujy 3ybHe nynne nawosa yTephu-
BatbeM BPEMEHCKM 3aB1CHUX NPOMEHa Y eKCnpecmju BacKynap-
Hor eHpoTenHor gpakTopa pacta (VEGF) n KocTHOr MopdoreHeT-
cKor npoTenHa 2 (BMP 2) nocne gMpeKTHOr NpeKpuBama nyne.
MeTope VicTpaxunBatbe je cnpoBeAeHO Ha MaLoBUMa coja
BUCTap, MOAebEeHNM Y ABe rpyne o no 20 XnBOTuHba, Npu
yemy je jegHa rpyna fobuna CTpenTo30TOLMH (3a MHAYKLUjY
Aujabeteca menuTyca), a pyra CTepuiHy GU3MONOLLKIM PacTBoOp
y UCTOj 3anpemuHu. [Nocne Heperby fAaHa My/nne MakcunapHUX 1
MaHAVOYNapHUX JOHVX MHLM3MBA KO AUjabeTUYHIIX 1 Hefuja-
6ETNUHUX KIBOTUHbA Cy EKCMOHMPAHE 1 OAMAX 3aTM NPeKpH-
BEHE Kanuujym-XvnapoKCcaom a 6v ce n3a3sao penapaTopHn
ogrosop. Husow VEGF v BMP 2 cy yTBphriBaHW y nn3atrima nynr-
HOT TKMBa, NPBOT 1 CeAMOT AaHa NOC/e ANPEKTHOr NpeKpuBatba
NMYHOEH3MMCKIUM TecToMm ELISA.

DOI: https://doi.org/10.2298/SARH200228057I

PesyntaTtm [1njabeTnyHo CTarbe je AOBENIO A0 pacTa HMBOA
VEGF, ca makcumymom yTBphHeHM NpBOr aHa Nnocie Npekpu-
Batba nynne (19,3 £ 0,9 pg/mg, p < 0,001), anu Huje yTULANO Ha
HuBoe BMP 2. 3HauajaH nopact BMP 2 je ytBpheH cegmor aaHa
nocsie NpeKpuBatba Nynre, anv camo Koa AvjabeTnyHux naLosa
(16,7 £ 1 pg/mg, p = 0,001). Koz 0BMX XXMBOTUHA Y NCTOM Me-
priogy nocne npekprBatba HaheHa je No3uTMBHA Kopenayuja
n3mehy HnBoa VEGF n BMP 2 (r = 0,905, p = 0,003).

3ak/byuyak [lnjabetecom MHAYyKOBaH nopact ekcnpecuje VEGF
yKa3yje Ha NpomeHe y nHGnamaTopHoj dasu nynnHe penapa-
uuje. Mopact ekcnpecuje BMP 2 ykasyje fa ce cTuMmynaTBaH
penapaTopHu edekat Kanuujym-xmapoKcuaa jasrba ceagmor
[aHa nocse Npekpueama AnjabeTnyxe nynne.

KmbyuHe peun: npekprBatbe nynne; gujabetec; BackynapHu

€HIoTeNIHN GaKTOP pPacTa; KOCTHU MOPDOreHETCKM MPOTEVH 2;
Kanuujym-XuapoKcug
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Microcomputed tomography cortical bone
evaluation for craniofacial implantology

Filip Ivanjac, Vitomir S. Konstantinovi¢
University of Belgrade, School of Dental Medicine, Clinic for Maxillofacial Surgery, Belgrade, Serbia

SUMMARY

Introduction Good implant stability is one of the most important factors for successful implant therapy.
This precondition is important for all kinds of implants, oral and extra-oral, i.e. craniofacial implants as
well. One of the most important factors for satisfactory implant stability is the bone quality, particularly
of the cortical bone, which is determined by its microarchitectural parameters.

The aim of this paper was to assess cortical bone microarchitectural parameters in the targeted regions
for craniofacial implant placement.

Methods Bone quality on targeted locations was determined by the micro-CT method on a cadaver
model. The target places for implant placement were the periorbital, the perinasal, and the periauricular
region. Microarchitectural parameters included cortical thickness (Ct.Th.), cortical porosity (Ct.Po.), pore
diameter (Po.Dm.), and pore separation (Po.Sp.).

Results The smallest Ct.Po. (4.1%) and the largest Po.Sp. (0.5 mm) were determined in glabella. The
maximum Ct.Th. (2.7 mm) as well as Po.Dm. (0.2 mm) were found in the zygomatic region. The mastoid
part of the temporal bone showed the smallest Ct.Th. (1.2 mm) and Po.Sp. (0.3 mm). The highest Ct.Po.
was in the perinasal region (8.5%).

Conclusion The bone quality measured through microarchitectural parameters was good in all the
regions of interest for the disk- and screw-shape extra-oral implant anchorage.

Keywords: microarchitecture; bone quality; micro-CT

INTRODUCTION

Patients with different facial defects (orbital,
nasal, auricular) are indicated for craniofacial
implant therapy and prosthetic rehabilitation.
Majority of them have undergone previous tu-
mor resections, which could cause the lack of
the bone needed for implant placement. Good
implant stability is important for stable maxil-
lofacial prosthesis anchorage [1, 2]. One of the
most important factors for successful implant
therapy is the bone quality and quantity [3].
For this reason, implant therapy should be well
planned and carefully carried out. For cranio-
facial implant stabilization, microarchitectural
parameters of cortical bone in the targeted im-
plant placement points are particularly impor-
tant. [2, 3]. The periorbital, the perinasal, and
the periauricular region, which are used for
implant anchorage, have different bone micro-
structure, which could affect the final outcome
of the implant therapy [3]. Microtomography
(micro-computed tomography — micro-CT) is
a method to image and quantify bone tissue.
It has the capability to assess the architecture
and the mechanical properties of the bone [4].

The aim of this paper was to assess corti-
cal bone microarchitectural parameters in the
targeted regions for craniofacial implant place-
ment.

METHODS

The research was performed at the Laboratory
for Anthropology, Institute of Anatomy, School
of Medicine, University of Belgrade. The study
was reviewed and approved by the Committee
on Ethics of the School of Dental Medicine,
University of Belgrade (No. 36/14).

A young Caucasian adult’s dry scull from the
collection of the Laboratory for Anthropology,
Faculty of Medicine, University of Belgrade,
was selected in order to perform the micro-CT
analysis of the targeted implant placement areas
and to evaluate the microarchitectural param-
eters which define the quality of the cortical
bone. Sexual and demographic characteristics
were moderately expressed, thus the skull used
presented an average anatomical sample for the
situation.

According to the implant placement points
for maxillofacial prosthetic rehabilitation, the
following locations were selected: for nasal im-
plants — glabellar part of the frontal bone and
lateral walls of the nasal pyramid; for orbital
implants — upper and lower (cranial and cau-
dal) lateral edges of the orbit and the body of
the zygomatic bone; for auricular implants - the
petrous part of the temporal bone (Figure 1).

Based on these targeted implant placement
points, the following areas for micro-CT scan-
ning were selected: supraorbital margin - orbit,
body of the zygoma, glabella, mastoid process,
piriform aperture.
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Figure 2. Micro-computed tomography scans 3D reconstruction: 1.
supraorbital margin - orbit; 2. glabella; 3. mastoid process; 4. body of
the zygoma; 5. pyriform aperture - perinasal

A low-speed diamond saw (SYJ-160; MTI Corporation,
Richmond, CA, USA) was used to excise bone specimens
from the five sites of the skull that correspond to the com-
mon implant placement sites in patients (Figure 1).

The specimens were scanned at the Department of Ra-
diology, School of Dental Medicine, University of Belgrade.

The scanning was performed in a bone window with a
voltage of 120 kV and a tube current of 40 mAs. A total of
179 axial sections were obtained with a single slice thick-
ness of 0.75 mm.

Each bone sample was scanned in dry state at a reso-
lution of 10 um using micro-CT (SkyScan 1172 x-Ray

Ivanjac F. and Konstantinovic V. S.

Table 1. Microarchitectural parameters of the cortical bone measured
by microcomputed tomography

Microcomputed

Unit Description
tomography parameter
Cortical thickness mm Average thickness of the cortical
bone
. . Volume of pores in relation to the
V)

Cortical porosity % total volume of the cortical bone
Pore diameter mm Average pore diameter
Pore separation mm | Average distance between pores

Microtomography; SkyScan, Kontich, Belgium). Acqui-
sitions were performed on 85 kV voltages, 118 pA pipe
current, 1000 ms time exposure, 0.5 mm thick aluminum
and copper filter, and 180° rotation. The obtained images
were reconstructed using NRecon v.1.6.9.8 software (Micro
Photonics Inc., Allentown, PA, USA) with a beam harden-
ing correction of 25%, a ring artefact with a correction of
18%, and a reduction of 2. The images were then analyzed
using CTAn 1.14.4.1 software (Bruker-microCT N.V. Com-
pany, Kontich, Belgium). 3D reconstructions were made
(Figure 2).

The following microarchitectural parameters were eval-
uated: cortical thickness, cortical porosity, pore diameter,
and pore separation (Table 1).

RESULTS

The obtained results were based on micro-CT scanning
evaluation of the microarchitectural parameters in five
different positions (Figure 1).

The smallest cortical porosity (Ct.Po.; 4.1%) was deter-
mined in the glabella, which suggests that this region has
the densest cortical bone. The maximum pore separation
(Po.Sp.; 0.5 mm) and small pore diameter (Po.Dm.; 0.1
mm) also speak in favor of dense glabellar cortical bone.
Moreover, glabellar cortical thickness (Ct.Th.) showed
a value of 1.5 mm. The maximum Ct.Th. (2.7 mm) was
found in the zygomatic region, as well as the maximum
pore diameter (Po.Dm 0.2 mm). In the orbital region, the
value of cortical thickness was also high (Ct.Th. 1.9 mm),
although the porosity was somewhat higher (Ct.Po. 6.7 %),
which tells about thick but porous cortex. The mastoid part
of the temporal bone showed the minimum thickness of
the cortical bone (Ct.Th. of 1.2 mm), as well as the small-
est Po.Sp. (0.3 mm). Perinasal region showed the highest
Ct.Po. values (8.5%) (Table 2).

Table 2. Microarchitectural parameters of the cortical bone microcomputed tomography evaluation

Position 1 - - " Position 5

Parameter Orbit (supraorbital Slomudlon 2 Posmpn - el Perinasal
. Glabella Mastoid. Pr. Zygoma. .
margin) (pyriform aperture)

Cortical thickness (mm) 1.9 1.5 1.2 2.7% 1.4
Cortical porosity (%) 6.7 4.1 43 5.7 8.5%
Pore diameter (mm) 0.1 0.1 0.1 0.2* 0.1
Pore separation (mm) 0.4 0.5% 0.3’ 04 04

*Highest value for the parameter;
‘lowest value for the parameter
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DISCUSSION

Bone tissue exhibits organization from smaller (nano,
micro) to larger (macro) length scales. However, there
is a shortage of qualitative information on cortical bone
thickness, porosity, as well as on the distribution and size
of pore in the midface region and cranium. Therefore, the
essence of the present research was to investigate how cor-
tical bone variates in micro-architectural parameters in
areas of interest for craniofacial implant placement [5, 6].
Extra-oral (EO) implants are used for anchoring maxil-
lofacial epithesis. A reliable and clinically verified implant
therapy includes production of freestanding implant-sup-
ported prosthesis [7]. Generally, EO screw-type implants
are widely used for this purpose. Due to the anatomical
features and thickness of the bone available, the use of
conventional EO screw-shaped implants is limited. Good
anchoring of enosseal implants requires sufficient bone
volume and density [1, 8]. In the case of bone resection,
only a small amount of cortical bone is usually left be-
hind. Hence, particularly in the midface area, anchorage of
screw-type implants is compromised. The usual locations
for screw implant placement are the glabella, mastoid part
of temporal bone and upper ridge of orbit. Vertical or even
horizontal bone dimensions are often limited after surgery,
for example nasal amputation, thus screw type implants
often cannot be used [1, 3]. However, disk implants present
an optimal alternative whenever implant-retained cranio-
facial epithesis are indicated, especially when “vertical”
bone substance is limited, because such implants require
the width rather than the height of bone. Since the thick-
ness of the disk implant plate is 0.6 mm, the minimum
amount of the cortical bone where the disk implant could
be placed is at least 1 mm, which is far less than minimal
requirements for EO screw implants [9, 10]. Disk implants
are bi- or multicortically anchored to the cortical bone. The
basic premise is that these implants should have absolute
primary stability in cortical bone on each side of the disk-
plate. The functional load is transferred to the cortical/
basal part of the bone [9, 10].

One of the most important factors in the implant ther-
apy is the bone tissue quality. The bone tissue was evalu-
ated and categorized over the years, by different authors
[11-15]. However, not a single classification was directly
correlated to the implant therapy success. It is not pos-
sible to predict the subtle differences in bone quality when
applying either the Lekholm and Zarb or Misch classifi-
cations [11, 12]. For this reason, Trisi and Rao [13] and
Norton and Gamble [14] demonstrated that subjective
methods of evaluating bone quality are useful only when
clinically assessing up to three classes of bone quality [15].

In spite of this, the use of computed tomography / cone
beam computed tomography methods to estimate the de-
gree of bone density is not implemented by implantologists
very often.

Nevertheless, the microarchitecture of the bone has an
impact on the success of the implant therapy. Microar-
chitectural parameters like Co.Th., Po.Dm., Co.Po., and
Po.Sp. can tell a lot about the bone characteristics, and
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help predict the outcome of the EO implant therapy in a
certain region of the cranium [3, 16].

Micro-CT evaluation can provide an insight to biome-
chanical properties of the midfacial bones, their thick cor-
tical bone structure, zones of strength, as well as the areas
containing thin cortical bone which are considered weak
and fragile. However, recent studies revealed that bones of
the midfacial skeleton exhibit remarkable regional varia-
tions in structure and elastic properties. These variations
have been frequently suggested to result from different in-
volvement of cortical and trabecular bone in the transfer of
forces. This is why precise evaluation of the areas intended
for implantation is important [17, 18, 19].

By examining the microarchitecture of the cortical bone
in the orbit, glabella, peripheral region of the aperture piri-
formis, zygomatic bone, it was understood that the qualita-
tive value of the cortical bone tissue in these localizations
was optimal for insertion of disk implants, that are corti-
cally anchored, which is a good alternative for retention of
maxillofacial prothesis. This bone area is typically resistant
to infection because of its high mineralization. Further-
more, these bone areas are stable to resorption [3, 9, 10].
That is why the cortical bone was of interest for this study.

The maximum Ct.Th. value was in the zygomatic region
(2.7 mm) and slightly smaller in the orbital region (1.9
mm). Glabella, piriform aperture (perinasal bone area)
showed smaller Ct.Th. (1.5 mm and 1.4 mm, respectively).
Because of relatively dense cortical bone in those areas,
disk implants can be used [1, 3, 9]. When the microarchi-
tectural parameters were higher (Co.Po. and Co.Th.), and
when there is a sufficient amount of bone for triple disk
implants, it would be justified to use this kind of implants
because of better stability. Single- or double-disk implants
could be used in the limited bone quality and quantity
when the Ct.Th. is smaller and Co.Po. lower.

Mastoid part of the temporal bone showed the mini-
mum Ct. Th. (1.2 mm) as well as small Ct.Po. (4.3 mm).
Anatomically and microarchitecturally, this part of the
temporal bone is suitable only for screw EO implants.
Screw-type EO implants are similar to short oral (den-
tal) implants; however, there are some differences when
it comes to the shape. EO implants have a flange design
around their neck to prevent an unwanted drop of the im-
plant, intracranial in the mastoid region. This is justified
even more because this region has the smallest cortical
thickness, which was shown in this study. For this reason,
the implant placement has to be very carefully performed
because thin cortex can be easily disrupted [3, 16].

According to other researches where Ct.Th. was higher,
the implant stability was more satisfactory. In addition,
according to implant stability quotient by resonant fre-
quency analysis, where Ct.Po. was the smallest, Po.Dm./
Po.Sp. the greatest, the implant stability was the best. This
suggests that the cortical bone characteristics and micro-
architectural parameters may determine the outcome of
the implant therapy [20-24].

Micro-CT evaluation of cortical bone on the dry scull
cadaver model, on certain implant placement points, can
give insight into the cortical bone properties, which can
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provide valuable guidelines when planning complex im-
plant-retained prosthetic restoration.

CONCLUSION

The bone quality measured through microarchitectural
parameters was good in all the regions of interest for the
disk- and screw-shape EO implant anchorage.
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MpoueHa KOPTUKANHE KOCTM MUKPOKOMMjyTepCKOM Tomorpadujom 3a

KpaHnodauujanHy UMNNAHTONOTHjY

Ounnn Neatwau, Butomup C. KoHcTaHTUMHOBUR

YHuBep3uTeT y beorpagy, Cromatonowku pakyntet, KnuHuka 3a makcunodauymjanHy xmpyprujy, beorpag, Cpbuja

CAMETAK

YBop [lo6pa cTabunHOCT UMNNaHTaTa jefjaH je oA HajBax-
HUjux GaKkTopa 3a yCreLHy UMNNaHTONOLWKY Tepanujy. OBaj
npeAycnoB je NPMMEeHJbIB Ha CBe TUMOBE MMMJIaHTaTa, opa-
He 1 eKcTpaoparnHe, KpaHnodaLmjanHe UMNnaHTaTe. JeaaH o
HajBaxHMjux GaKTopa 3a 3a[j0BObaBajyny cTabunHOCT MMNNaH-
TaTa je KBaNMTET KOCTY, HAPOUMTO KOPTUKaHE KOCTY, LTO je
oppeheHo MUKPOoapXNTEKTOHCKIM NapaMeTpuMa.

Linrb je 6v0 npoLieHa MUKPOapXUTEKTOHCKUX MapameTapa Kop-
TVKanHe KOCTU Ha LbaHNM pervjama 3a nocraBibatbe Kpa-
HuodaLmjanHmx MMnaaHTara.

MeTtope KBanuteT KOCTW Ha Lu/baHMM JIOKanu3aLmjama oj-
peheH je MyKpoKomnjyTepckom Tomorpadujom Ha KagaBepuy-
Hom mogeny. Pervije og nHTepeca 3a NocTaB/bakbe UMMNaaHTaTa
6une cy: nepuopbrTanHa, NeprHasanHa 1 nepuaypukynapHa

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):679-683

pervja. icnnTaHn MUKPOapXMTEKTOHCKI MapamMeTpy Cy KOpTyi-
KaJiHa aebrbuHa (Ct.Th.), KopTuKanHa noposHocT (Ct.Po.), npey-
HYK nopa (Po.Dm.) n cenapauuja nopa (Po.Sp.).

Pesyntatm Hajmarba Ct.Po (4,1%) n Hajseha Po.Sp. (0,5 mm)
yTBpheHe cy y rnabenu. Hajseha Ct.Th. (2,7 mm) n Po.Dm.
(0,2 mm) npoHabheHe cy y 3uromatukoj peruju. MactongHu geo
TeMropanHe KOCTU MoKa3ao je Hajmamy Ct.Th. (1,2 mm) n Po.Sp.
(0,3 mm). Hajseha Ct.Po. (8,5%) 6vna je y nepuHasanHoj pervju.
3aKsbyuak KBanmtet KOCTU M3MepeH MUKPOAPXUTEKTOHCKUM
napameTpuma 6110 je 3agoBosbaBajyhu y cBUM pervjama og
MHTepeca 3a cupperbe eKCTpaopasHUX MMMIaHTaTa obnmka
AuncKa n wpada.

KrbyuHe peumn: MUKpoapXmnTeKTYpa; KBAIUTET KOCTU; MUKPO-
KOMMjyTepcka Tomorpaduja
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SUMMARY

Introduction/Objective The purpose of this study was to assess the relationships between salivary stress
markers [salivary a-amylase (sAA) and pH], and patients’stress with new dentures.

Methods An intra-individual evaluation was done, in which 30 participants older than 65 years, both
sexes, in good general health, first-time complete dentures (CDs) wearers, took part. Measuring of stress
biomarkers was done in the unstimulated saliva collected by the so-called spitting method: (1) before
any prosthetic treatment, (2) after insertion of a new pair of CDs, and (3) two months after CDs delivery.
Results Upon evaluating the obtained data it was observed that the sAA values steadily increased and
by the end of the observation period sAA was higher in women but without statistical significance. The
pH values increased until the second follow-up period, after which they dropped. The post-hoc test
showed a statistically significant difference in pH values between the first vs. the second (p = 0.005) and
the second vs. the third (p = 0.001) follow-up periods.

Conclusion There was a non-significant increase in sAA values during the adaptation period. The biggest
difference in sAA values between men and women was at the moment of insertion of dentures. The high-
est pH level was after the insertion of dentures. Since sAA changes were of no statistical significance, the
sAA and pH values cannot be used as a reliable biomarker in saliva for observing the patients’adaptation,

Received « MpumbeHo:
May 22, 2020

Revised - PeBusnja:
September 2, 2020

Accepted - MpuxeaheHo:
October 6, 2020

Online first: October 14, 2020

Correspondence to:

Mirjana PERIC

Clinic for Prosthodontics
School of Dental Medicine
University of Belgrade

Dr Subotica 8

11000 Belgrade, Serbia
mirjana.peric@stomf.bg.ac.rs

psychological, and emotional issues.
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INTRODUCTION

Implant supported restorations are contempo-
rary treatment options in therapy of complete
edentulism. Nevertheless, complete dentures
(CDs) are still an alternative teeth replacement
option in the elderly, especially in developing
countries, mainly due to socio-economic rea-
sons. Hence, with optimal retention and stabil-
ity, conventional CDs may restore oral func-
tions [1, 2].

CDs have proven to be beneficial to patients,
improving their masticatory efficiency, esthet-
ics, and socio-psychological well-being. Indis-
putably, conventional CDs are mucosa-borne
appliances, thus exerting the occlusal stress on
supporting tissues. Also, it is a rigid appliance,
introduced in a very dynamic oral environ-
ment, and its functionality depends on the pa-
tient’s ability to coordinate it together with the
activity of the tongue and the masticatory mus-
cles, especially during the unavoidable period
of neuromuscular adaptation. Therefore, many
requirements are placed before an edentulous
patient in order to overcome the limitations of
an appliance such as a rigid CD. Hence, beside
the findings that prosthesis retention contrib-
utes dramatically to prosthesis acceptance by
the patient [3], it may be speculated that suc-
cessful CDs treatment depends on whether or
not it presents a stress to a patient’s organism.

Stress may relate to usual transitory problems
that arise after the insertion of new CDs, such
as discomfort, functional difficulties, sore spots,
injured mucosa, and different levels of pain, thus
extending the period of adaptation [4]. Introduc-
ing new CDs may also be a predisposing factor
for the onset of salivary changes that affect oral
homeostasis and oral mucosal health [4].

Recently, it was summarized that salivary
a-amylase (sAA) might be regarded as an indi-
rect indicator of autonomic activation expected
during psychological stresses [5]. Everyday stress
contributes to sAA changes, whereas the sAA
values increase in response to expectations of
medical procedures [6, 7, 8]. In a further inves-
tigation it was reported that SAA measurement
might be a promising approach for studies of
treatment effects, as well as a useful marker in
the context of pain validation or sleep quality [5,
9, 10]. Together with the most frequently used
salivary biomarkers such as cortisol, IgA, and
sAA for indicating psychologic stress, pH level
was recently introduced as a possible useful and
non-expensive biomarker [11, 12].

We hypothesized that the insertion of new
CDs may present an overall stressful environ-
ment for patients receiving CDs for the first
time. Particularly associated with sensory and
motor deterioration in older people, some in-
evitable level of stress may be expected during
the first period of coping with new CDs. To our
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knowledge, there are no existing studies dealing with the
impact of new CDs on changes in salivary biomarker levels in
first-time CDs wearer participants. Therefore, the aim of the
study was to evaluate the changes in the levels of sSAA and pH
of the unstimulated saliva in the elderly who received their
first pair of complete dentures during the neuromuscular
adaptation period.

METHODS
Study population

The participants for the study were recruited from edentu-
lous subjects seeking prosthodontic treatment and based
on matched inclusion criteria.

The inclusion criteria for the study group (SG) were as fol-
lows: 1) subjects over 65 years of age, both sexes; 2) healthy,
without oral and systemic diseases that may influence the
saliva quality and quantity; 3) first-time wearers of CDs
without previous experience in wearing mobile appliances.

Individuals with previous experience in wearing den-
tures, persons with motor or neurological disorders, and
smokers were excluded from the study. In addition, the
exclusion criterion included using medications that may
affect the sympathetic or parasympathetic nervous system.

A total of 30 participants (13 male and 17 female) were
allocated to the SG. The participants were instructed not
to eat or drink within two hours before saliva collection
and all were informed on the study procedures and all
provided their written consent.

Study design

The study plan included an evaluation of salivary stress
biomarker (sAA and pH) values in the unstimulated saliva
collected by the so-called spitting method [13].

SG participants were instructed to sit comfortably, with
eyes open, and rinse their mouths for five seconds with
5 ml of distilled water. Afterwards, they were asked to
collect their saliva by spitting into a plastic tube every 30
seconds until 5 ml of saliva were collected.

Sampling procedure in the SG was performed in three
investigation steps according to the investigation protocol:

1. Sampling and saliva testing before any prosthetic
treatment;

2. Sampling and saliva testing after the insertion of a
new pair of CDs (saliva sampling was performed
during the first half of an hour, when the CDs were
placed and re-occluded);

3. Sampling and saliva testing two months after the CDs
delivery, assuming that the initial neuromuscular ad-
aptation period was finished.

The saliva was taken for all three investigation steps in
the SG under the same clinical conditions, between 1 pm
and 2 pm. The study design and data collection meth-
ods were approved by the Ethics Committee of School of
Dental Medicine (No. 36/26), and were performed in ac-
cordance with the Declaration of Helsinki.

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):679-683

Determination of salivary biomarkers in saliva samples

After the sampling, the saliva was not frozen and the mark-
ers in it were analyzed within an hour. All the samples
were centrifuged at 3500 rpm for 15 minutes. During the
analysis phase, pH values in saliva were measured, using
pH meter (Martini Instruments, USA), calibrated with
standard solutions with a pH of 4 and 7, respectively.
The sAA values were determined using the colorimetric
method and a commercial kit (Alpha-Amylase LiquiColor,
Human, Wiesbaden, Germany) following the International
Federation of Clinical Chemistry and Laboratory Medicine
method [14]. The sAA activity of the samples was detected
through the enzymatic hydrolysis of the chromogenic sub-
strate 2-chloro-4-nitrophenyl-D-maltotrioside to 2-chloro-
nitrophenol (CNP). The rate of increase in absorbance,
due to the formation of CNP, is measured at 405 nm and
is proportional to the sAA activity in the sample. Amylase
activity was expressed in units per milliliter (U/ml).

Saliva samples were analyzed at the Laboratory for Bio-
chemistry and Haematology, School of Dental Medicine,
University of Belgrade.

Statistical analysis

The data was analyzed in IBM SPSS Statistics, Version 22.0
(IBM Corp., Armonk, NY, USA). Descriptive statistics for
numeric data were presented by the mean and standard
error. The numeric data were analyzed using the Mann-
Whitney test or the t-test. One-way ANOVA with repeated
measures was used for the analysis between the biomarkers
of saliva at three periods (before, after handing over the den-
tures, and after two months). Mixed between-within subject
ANOVA was used to evaluate the effect of two factors (time
and sex) on the biomarkers. Spearman’s correlation coef-
ficient was done in order to assess the relationship between
the saliva biomarkers and clinical parameters. A p-value less
than 0.05 was considered statistically significant.

RESULTS

The values of sAA and pH for all patients (male and female)
are presented in Table 1. Statistically significant differences
were observed between the pH values during the study. A
subsequent post-hoc test showed a statistically significant
difference in pH values between the first and the second
follow-up period (before vs. after handing over the den-
tures, p = 0.005) and between the second and the third
period (after handing over dentures vs. after two months,
p =0.001). The sAA values increased during the evaluation
period, but this was not statistically significant (Table 1).

The sAA values were slightly higher in women than in
men, but with no statistically significant difference. The
pH values were similar between the sexes and there were
no statistically significant differences during the observa-
tion period (Table 2).

The mixed-design ANOVA results show a significant time
influence on the pH values (p = 0.002), while the influence
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Table 1. Monitoring of stress factors (salivary a-amylase and pH) in all participants during all study periods

Evaluation period

Biochemical parameters

Mean (SE) Before AfterCTandmg over After 2 months 2
entures
Salivary a-amylase 264.0 (49.9) 290.0 (50.9) 318.0 (44.3) 0.680°
1vs.2, p = 0.005%
pH 7.3(0.5) 7.7 (0.1) 7.1(0.1) 0.001* 2vs.3,p=0.001*%
1vs.3,p=0.119

2One-way ANOVA with repeated measures;
bpost-hoc analysis: Bonferroni test;
*statistically significant

Table 2. Comparison values of salivary a-amylase and pH between
sexes during the study period

Variables /Mean (SE) Male Female p
Age 66 (1.3) 65 (0.9) 0.837
Salivary a-amylase

Before 269 (66.7) | 241.3(54.5) | 0.752
After handing over dentures | 295.2 (62.6) | 252.7 (66.1) | 0.652
After 2 months 300.3 (54.1) | 332(68.4) 0.728
pH

Before 7.2(0.2) 7.4(0.1) 0.382
After handing over dentures 7.6(0.2) 7.8(0.1) 0.327
After 2 months 7.1(0.1) 7.1(0.1) 0.686

of sex and time combined is of no statistical significance.
Changes in pH values were similar for both men and women:
initially we have an increase, followed by a decrease in values
after the second follow-up period. The pH values are higher
in men (Figure 1). The influence of time (p = 0.703) and time
and sex (p = 0.679) on the sAA values was not statistically sig-
nificant, but initially there were lower sAA values in women,
which increased during the observation period, while in men
there were higher sAA values which reduced over time. The
largest difference in sAA values between the sexes was im-
mediately after the dentures were handed over (Figure 2).

DISSCUSION

First-time CDs wearers are under various factors that in-
fluence their adaptation period. These factors are not fully
understood and are addressed as follows: the quality of den-
tures, oral conditions, patient—dentist relationship, attitude
toward dentures, patient’s personality, and socio-economic
factors [4]. Clinical problems are mostly easily recognized,
but the psychological discomfort during the adaptation
period has not been fully explained. This follow-up study
assessed the changes of salivary biomarkers, sAA and pH
values, during the period of neuromuscular adaptation in
patients who received their CDs for the first time.

Most of the saliva research focused on the saliva’s role
in digestion, as a lubricant for food and tongue, and in
microbiological balance of the oral cavity [15, 16, 17].
Furthermore, biomarkers from saliva are reliable, non-
invasive, and objective, and may be used for monitoring
oral health or therapy outcomes [18, 19]. The relevance of
saliva for the success of denture retention and oral comfort
has been underlined; thus, the knowledge of the salivary
biomarkers further emphasizes the factors that contribute
to CDs being utilized more comfortably and easily [20].

‘ DOI: https://doi.org/10.2298/SARH200522092Z

gender

- ‘male
— female

7.80-

7.60

7.40

mean Ph values

7.20

7.004

T T T
before After handing over After 2 mos.
dentures

time

Figure 1. Effects from two factors (time and sex) on pH levels
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Figure 2. Effects of two factors (time and sex) on salivary a-amylase levels

During the adaptation period and the process of learn-
ing to use dentures, patients consciously and unconsciously
promote more chewing strokes. Thus, when more mastica-
tion was needed, significant changes have been observed in
the salivary flow rate with consequent changes in amylase
and protein concentration, as well as in an increase of pH
values [21]. In addition to that, a study reported a statisti-
cal significance of pH values before and after the insertion
of CDs [22]. Others, however, have not found significant
changes in pH values [4, 23]. Findings of our study are in
correlation with previous findings that pH is significantly
different before and after dentures’ insertion [24]. The dif-
ferences in the reported pH values can also be explained
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by the different methods used for the measurements (pH-
measuring tapes or electronically).

All the patients included in the SG were first-time denture
wearers and it was expected that they would feel stress related
to the initial foreign body sensation. However, the findings of
the study did not support this hypothesis. Although the sAA
and pH values changed during the observation period, they
were not of statistical significance, especially in regard to sAA
values. Studies show that the sAA values increase when an
individual undergoes stress. The sAA value increases within
three minutes of watching a stressful video, or five minutes into
a mental arithmetic task. In these situations, the SAA values
increase 100% and 200%, respectively, while these values lower
within three minutes of undergoing soothing conditions. Thus,
we can explain that dentures do not present great psychological
stress for the patient who is exposed to effects of other factors,
during such a long observation period that may have a greater
impact [25]. The sAA values higher in men than in women are
shown in the research by Matsui et al. [26]. They determined
that older men react to denture wearing with a significant
increase in sAA values. If we look at the whole adaptation
period of two months, we have a steady increase of SAA values
in women. Rafeeq [27] arrived at a similar conclusion; how-
ever, in his research, the cortisol level, as a stress biomarker,
was higher in women during the period of adaptation to new
dentures, indicating that women are more susceptible to stress.

In our study, there is a period of adaptation of the oral
cavity to the new dentures, which probably affects the com-
position of the saliva. Therefore, the sense associated with
new dentures during the whole adaptation period of two
months may increase the sAA level in saliva, but not enough
to be of statistical significance. This finding might indicate
an autonomic response of the body as it adjusts to wearing
new dentures, because our mind is receiving strong signals
from the mouth that new dentures are present.

When pH values were analyzed, a significant increase was
observed in the SG during the observation period, but the
opinion is that an increase in pH values was due to the en-
hancement of salivary flow rate accompanied by the insertion
of the initial set of CDs [24-29]. Some researchers speculated
that CDs in the mouth acted as foreign bodies that simu-
late saliva flow [30]. However, it is more likely that continu-
ous pressure of CD’s prolonged the stimulation of mucosa
mechanoreceptors, that initiates enhanced salivary flow [25,
31]. We are more prone to believe that such an enhancement
of salivary flow, rather than psychological stress that CDs
patients are exposed to, influences the salivary composition
and the increase of investigated sAA and pH values.

According to the psychological models of stress, threat
and challenge appraisals have a major effect on the degree
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AHanu3a mapkepa cTpeca y n/byBayku Ko nauujeHata Koju npeu NyT HOCe TOTanHe

nporese

Page XKuskosuh', MupjaHa Mepuh', UeaH [oxuh?, JosaHa KyamaHosuh-TNpuhep?, AnekcaHgpa Munuh-Nemuh!
'YHuBep3utet y beorpagy, Cromatonoluku dakynteT, KnnHrka 3a cTomatonoLuky npotetuky, beorpag, Cpbuja;
2YHuBep3uTeT y beorpagy, CromatonoLukm dakyntet, Onwwta 1 opanHa 6uoxemuja, beorpag, Cp6uja;

3YHuBep3uTet y Beorpapy, CromatonoLuku pakyntet, BuomeanLMHCKa CTaTcTMKa 1 nHdopmatnka, beorpag, Cpbuja

CAMETAK

Yeoa/Lwn Ll oBe cTyamje je 610 fa ce M3BpLUK aHanm3a map-
Kepa cTpeca y nibyBauku a-ammnase (cAA) n pH kog nauyujeHara
Koju npBu nyT fobujajy npotese.

MeTope /13BpLueHa je MHTpauHAMBUAYanHa aHanm3a y Kojoj je
yyectBoBasio 30 6onecHuKa cTapujux og 65 roguHa, oba nona,
Jobpor onwTer 3paBCTBEHOT CTakba Kojy Cy NPBU MyT Jo6vnu
ToTanHe npote3e. Mepehe MapKepa CTpeca U3BPLUEHO je y Hec-
TVMYNIMCAHO]j MIbyBayKM MPUKYMIbeHOj METOLOM T3B. N/byBatba
nTo: (1) npe 6uno Kakee NpoTeTcKe Tepanuje, (2) nocne npegaje
HOBOT Mapa ToTa/HUX NpoTe3a 1 (3) ABa MeceLia nocne npefaje
TOTaNHMX NPOTe3a.

Pe3yntatn AHanu3om fobumjeHnx pesyntaTa youasa ce CTajHu
pact BpegHocTr CAA, 1 Ha Kpajy oncepBaLmoHor neproga cAA

‘ DOI: https://doi.org/10.2298/SARH200522092Z

je Beh Kop »KeHa, anu 6e3 cTaTUCTYKe 3HauajHoCTY. BpegHoc-
TV pH ce noBehasajy fo apyror neprioaa npahera 1 Tafa ona-
Bajy. Post-hoc TecT je NoKasao CTaTUCTUYKU 3HaYajHy PasnunKky y
BpegHocTMma pH namehy npsor u gpyror (p = 0,005) 1 gpyror
n tpeher (p = 0,001) nepuoga npahema.

3aks/byyak Tokom nepuoga afantauyje 3abenexeH je HesHataH
nopact BpegHocTty cAA. Hajseha pasnuka y BpegHocTy cAA n3-
mehy MyLIKapaLla 1 KeHa je 3a6enexeH y TPEHYTKY Npefaje HOBYX
npotesa. byayhv ga npomeHe cAA Hemajy CTaTUCTUYKN 3HaYaj,
BpeaHocT cAA 1 pH ce He MOy KOPUCTUTY Kao Noy3aaH bromap-
Kep Y M/byBayku 3a nocmatpare 6o5ecH1KoBor npunarohaBama
1 MOCTOjatbe NCYXOMOLLKYX M eMOLMOHaNHKX Npobriema.
KmbyuHe peun: Mapkepy cTpeca y NibyBauky; ToTasiHa NpoTe3a;
cTapuje ocobe
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SUMMARY

Introduction/Objective The foramen of Vesalius is a variable foramen located at the base of the skull,
anteromedial to the foramen ovale, and lateral to the foramen rotundum. Through this foramen, passes
one of the emissary veins, which establishes communication between the cavernous sinus and the
pterygoid plexus.

The aim of the study was to determine the incidence of this foramen in adults depending on gender, along
with the number of foramina, distributions relative to the side of the skull and diameter of the foramen.
Methods A material used in the study were digital computed tomography (CT) scans of adult paranasal
cavities from the archives of the Radiology Center, archived in the PACS software system. We analyzed
axial CT sections of T mm thickness. The research included 500 subjects (250 males and 250 females).
Results The foramen of Vesalius was present in 67.6% of respondents. In 50.9% cases, the foramen
was bilateral and in 49.1% it was unilateral. The average oblique diameter of the foramen in men was
1.75 £ 0.59 mm and in women 1.56 + 0.48 mm. In 22 subjects (6.51%) the foramina were doubled, and
in two (0.60%) they were tripled.

Conclusion There was no statistically significant difference in the incidence of the foramen of Vesalius
concerning gender. The mean diameter of the foramen was statistically higher in males. The presence
of this foramen is important for neurosurgeons because, during the percutaneous trigeminal rhizotomy,
the needle can pass through this foramen, injure the surrounding blood vessels, and lead to intracranial

hemorrhage.

Keywords: foramen of Vesalius; CT scans; subjects; mean diameter

INTRODUCTION

There are many foramina on the floor of the
middle cranial fossa, which are important
because they allow the passage of essential
structures such as nerves and blood vessels.
The permanent apertures of the sphenoid
bone are foramen rotundum, foramen ovale,
and foramen spinosum, whereas the foramen
of Vesalius (FV) and meningoorbital (Hyrtl’s
channel) foramen represent non-permanent
foramina [1].

The FV is a small, variable foramen located
anteromedial to foramen ovale and posterolat-
eral to foramen rotundum in the middle cranial
fossa [2]. The FV (sphenoid emissary foramen)
was first described and drawn by the anatomist
Andreas Vesalius, after whom the foramen was
named. The FV can be unilateral or bilateral.
The mean diameter of this foramen in the adult
is 1.4-2 mm [3].

The FV transmits one of the emissary veins
that connect the cavernous sinus and the ptery-
goid plexus [4]. Emissary veins play a role in
maintaining the balance between intracranial
and extracranial pressure. Under physiological
conditions, blood flow through the emissary
veins is small, but in conditions of increased

intracranial pressure, these veins become an
important blood drainage pathway [5]. Accord-
ing to Lang [6], a small nerve (lateral sphenoid
nerve) can pass through the FV on the way to
the cavernous sinus.

According to Wood-Jones [7], the FV is an
indicator of the evolutionary complexation of
the cranial venous system of man. The FV does
not exist in any primate other than humans.

Anthropological research has shown a sig-
nificant discrepancy regarding the prevalence
of the FV between various authors [8]. Because
of this, we have analyzed the digital data of
computed tomography (CT) images of adult
human skulls to determine the representation
of the FV in the human population.

The aim of the study was to determine the
incidence of FV in adults. In addition, the goal
was to determine the number of foramina, the
diameter of the foramina, and the foramen dis-
tribution related to the side of the skull.

METHODS

In this retrospective study, we used digital CT
scans from adults that were archived in the Pic-
ture Archiving and Communications System
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Figure 1. Measurement of the oblique diameter of the foramen in the
PACS software (the white line represents foramen of Vesalius diameter)

(PACS) software system of the Radiology Center of the
Clinical Center of Vojvodina. The patient’s recordings were
made as part of a CT scan of the paranasal cavities on the
CT scanner Siemens Sensation 64 (Siemens AG, Siemens
Healthineers AG, Erlangen, Germany). The study included
500 subjects, of which 250 were male and 250 were female.
The study was approved by the Ethics Committee of the
Faculty of Medicine, University of Novi Sad.

We analyzed axial CT sections of 1 mm thickness and
resolution H60s. The foramen was measured using a digital
measuring tool of the PACS software. The largest oblique
diameter of the foramen at the axial section was measured
(Figure 1).

The images were evaluated for the presence or absence
and unilateral or bilateral pattern of FV. Including criteria
were localization of the foramen - anteromedial to fora-
men ovale and posterolateral to foramen rotundum, visibil-
ity on both surfaces of the sphenoid bone, and a maximum
oblique diameter greater than 1 mm. The cut off value of
1 mm regarding maximum oblique diameter was used to
avoid misidentification with a spongy bone of the skull
base. Obtained results were presented in figures and tables.

The software program SPSS v.21.0 (IBM SPSS Statistics
for Windows, IBM Corp., Armonk, NY, USA) was used
for storing and analyzing data. The results of numerical
continuous variables were presented as arithmetic mean
and standard deviation. The categorical variables were
compared by the x* test and the independent samples t-
test. The significance level value was set at 0.05.

RESULTS

In the sample of 500 subjects, we analyzed the presence of
the FV. The foramen was present in 338 subjects (67.6%)
and absent in 162 (32.4%) subjects (Figure 2).

In our sample (Table 1), the FV was observed in 165
(66%) male and 173 (69%) female subjects. During data
processing, it was found that there was no statistically sig-
nificant difference in the FV incidence between male and
female skulls (x* = 0.584, p = 0.444).

‘ DOI: https://doi.org/10.2298/SARH200108064M
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Figure 2. Percentage representation of the foramen of Vesalius

Table 1. Frequency of occurrence of the foramen of Vesalius concern-

ing the sex
Gender Present foramen | Absent foramen Total
Men 165 (66%) 85 (34%) 250 (100%)
Women 173 (69%) 77 (31%) 250 (100%)

Table 2. Distribution of the pre

sence of foramina concerning the sex

Unilateral Bilateral
Sex Total
foramen foramen
Men 71 (43%) 94 (57%) 165
Women 96 (55.5%) 77 (45.5%) 173
Total 166 (49.1%) 172 (50.9%) 338

Figure 3. Unilateral foramen (white arrow) on a computed tomog-
raphy scan

The FV was observed bilaterally in 50.9% cases. The
incidence of unilateral foramen in this study was 49.1% of
which 46.6% on the right side and 53.4% on the left side
of the skull. (Figure 4).

Examining 165 male skulls, a bilateral foramen was
present in 57% of cases and unilateral in 43%. In 173 fe-
male subjects the FV was bilateral in 77 (45.5%) skulls
and in 96 (55.5%) unilateral (Table 2). Bilateral foramen
was more common in men and unilateral in women
(x* =4.759, p = 0.0291).

In 124 male subjects (47.1%), the foramen was located
on the right side and in 139 (52.9%) on the left side of
the skull (Figure 5). There was no statistically signifi-
cant difference (x> = 0.0147, p = 0.903) considering the

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):689-694
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Figure 4. Bilateral foramen (white arrow) on a computed tomography
scan
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Figure 5. Distribution of foramina concerning the side of the skull
and the sex

Figure 6. Triple foramen of Vesalius (white arrows) on computed to-
mography scan

distribution of the FV between the sexes in relation to the
side of the skull.

Considering the measurements of the largest oblique
diameter of the FV, all foramina were classified into seven
groups (Table 3). A total of 226 foramina were 1-1.49 mm
in diameter, which is the most commonly recorded fora-
men size. The largest diameter of the foramen was 4.48
mm and was recorded in one male subject.

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):689-694

Table 3. The maximum oblique diameter of the foramen in millimeters
(arranged in groups)

%far:ﬁneetsr(rc::r:‘l;e Men Women Total
1-1.49 100 126 226
1.5-1.99 64 77 141
2-2.49 45 22 67
2.5-2.99 22 5 27
3-3.99 6 2 8
3.5-3.99 3 2 5
4-4.59 1 / 1

Table 4. Percentage of the foramen of Vesalius in different races and

peoples
Sample Percentrage
Author and year Country number of the fora.men
of Vesalius
Boyd (1930) England | 1500 skulls 36.5%
Lanzieri (1988) America | 50 CT scans 64%
Ginsberg (1994) America | 123 CT scans 80%
Kodama (1997) Japan 400 skulls 21.75%
Gupta (2005) India 35 skulls 42.90%
Ramalho (2007) Brazil 80 skulls 71.87%
Kaplan (2007) Turkey 10 skulls 100%
Shaik (2007) India 125 skulls 36%
Shinohara (2010) Brazil 400 skulls 33.5%
Nirmala (2014) India 180 skulls 50%
Raval (2015) India 150 skulls 60%
Murlimanju (2015) India 78 skulls 37.2%
Bayrak (2018) Turkey 3 1s7caCnBsCT 28.1%
ﬁ‘;itc?nf:nto ootg | Brazl | 194skulls 18.55%
Nayak (2018) India 30 skulls 30%
Leonel (2019) Brazil 170 skulls 45.2%
Kaplan (2019) Turkey 355(1§:SCT 41.1%
Maletin (2019) Serbia 26 skulls 61.54%
Gériirgsz (2020) Turkey | 262€BCT 73.1%
scans
8‘(‘)'23‘)”9“ work Serbia | 500 CT scans 67.70%

CT - computed tomography; CBCT - cone-beam computed tomography

The average value of the oblique diameter of the FV
in the whole sample was 1.66 + 0.55 mm. The average
diameter of the foramen on the right side of the skull was
1.62 + 0.55 mm and the left one was 1.69 * 0.54 mm. We
found no significant difference in the size of the foramen
diameter compared to the lateral distribution (t = 1.015,
p = 0.856).

The average diameter of the foramina in the male sub-
jects was 1.75 + 0.59 mm, while in the female subjects it
was 1.56 = 0.48 mm. The average diameter of the FV was
significantly higher in male than female skulls (t = 15.65,
p = 0.000).

During the research, double and triple foramina were
noticed in a certain number of respondents. Double foram-
ina represent two foramina, while triple foramina represent
three foramina located on the same side of the skull placed
next to each other. The presence of a double foramen was
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noted in 22 (4.4%) out of 500 analyzed skulls. Twenty-two
subjects (5.92%) had double FV on one side of the skull,
while one subject (0.3%) had double foramina on both
sides of the skull. Triple foramina were found in two female
subjects (0.6%), and it was located on the left side in both
skulls (Figure 6).

DISCUSSION

In this study, which included digital data of 500 CT scans
of adults, the presence of the FV was detected in 67.7%
of cases. These results are similar with those reported by
Goriirgoz et al. [4] with 73.1% presence, Maletin et al. [9]
in which FV was present in 61.54% of dry adult skulls, and
with the study of Lanzieri et al. [10], Raval et al. [11], where
the FV was present in 64% and 60% of the respondents. In
their research, Shinohara et al. [12] and Shaik et al. [13]
state that the foramen representation is 33.75% and 36%,
respectively, which is less than the results of our study. Ac-
cording to most authors, the incidence of the FV is lower
(Table 4) [3, 12-20]. There is a significant discrepancy in
the incidence of the FV between various authors. This may
be explained by the different number of examined subjects,
ethnicity, and differences in FV identification methodology
which can be the subject of future research.

In our sample, there is approximately equal represen-
tation of bilateral and unilateral foramina. This finding
correlates with the results of Shinohara [12], Gupta [20],
and Nirmala [21]. Based on our data we can disagree with
the results of the previous studies, which reported that the
incidence of the bilateral foramen is higher than unilateral
foramen in adult skulls [17, 22, 23].

Regarding the incidence of the FV, we observed no re-
markable differences in the ratio between the male and the
female subjects (Table 1). This result is consistent with the
findings of Kodama et al. [22] whose research included
400 adult human skulls. Unlike our results, some authors
reported that the foramen is more common in female sub-
jects [24]. In a study by Chaisuksunt et al. [25] the FV is
more likely to occur in males than in females, which can be
explained by the higher number of male subjects included
in the study (246 males and 131 females).

Analyzing data, we found that bilateral FV was signifi-
cantly more common in males and unilateral in females.
Kodama et al. [22] did not find a difference in the distribu-
tion of unilateral and bilateral foramina concerning gender,
while other studies did not address this issue.

According to Andreas Vezaliuss book titled De humani
corporis fabrica librica septem [2], there is no remarkable
difference between the left and right side regarding the
lateral distribution of the FV. The results of our study
correlate with the citation of the mentioned well-known
anatomist, unlike Rossi et al. [24] which pointed out that
the FV is more frequent on the right side of the skull, while
in some cases it was more common on the left side [18].

Based on the results of our study, the mean diameter
of the FV on the right side was 1.62 £ 0.55 mm and on
the left side was 1.69 * 0.54 mm. These data are similar
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to the results of Kodama et al. which state that the mean
foramen diameter on the left is 1.59 + 0.94 mm, while on
the right it is 1.46 + 1.04 mm [22], as well as in the study
of Goriirgoz et al. [4] with right side FV diameter 1.75 +
1.33 mm and 1.75 + 1.2 mm on the left side. In the results
of the study by Shinohara et al. [12] the average foramen
size on the right side is 0.67 + 0.28 mm and on the left
side is 0.76 + 0.39 mm, which is smaller than the results of
our study. Unlike the mentioned studies, Bayrak et al. [16]
stated that the mean diameter on the right side is 2.66 mm,
and 2.82 on the left side, which is bigger than the results
of our study. To the best of our knowledge, there are no
possible explanations for the difference in the diameter
of the FV in different authors in contemporary literature.
The discrepancy in the data of our study and other reports
regarding the mean diameter of FV may be the result of
a different methodology in defining the FV. Due to the
potential false-positive findings, foramina with a diameter
smaller than 1 mm were excluded from our study.

In male subjects, the average foramen diameter is
1.75 + 0.59 mm, while in female subjects it is 1.56 + 0.48
mm (t = 15.65, p = 0.000). After statistical data process-
ing, it was found that the size of the foramen diameter
was larger in men than in women, whereas in the study by
Prakash and Viveka [26] the average diameter of the fora-
men in males is significantly lower than females. Goriirgoz
et al. [4] did not find a significant difference in the FV
diameter between genders.

The clinical significance of the FV lies in the fact that
it provides passage to the emissary vein. Through the FV,
septic thrombus can reach from extracranial veins to the
cavernous sinus causing cavernous sinus thrombosis.
Thrombosis of the cavernous sinus is a very serious con-
dition that can be lethal in up to 30% of the cases or cause
serious complications such as ophthalmoplegia, blind-
ness, or cerebrovascular insult. The most likely cause of
this pathological condition is an infection within the orbit,
paranasal sinuses, or tissue of the upper half of the face
[27]. In addition, the FV also has surgical significance.
One of the treatment options for trigeminal neuralgia is
radiofrequency rhizotomy. During this procedure, while
approaching the trigeminal nerve, a needle is inserted in-
tracranially through foramen ovale. When reaching the
foramen ovale, the needle may erroneously pass through
the FV leading to cavernous sinus puncture and intracra-
nial hemorrhage, which could be life-threatening condi-
tions [28, 29].

Since the FV is not as rare as previously thought, the
presence of an excess number of foramina should be sus-
pected during the diagnostic examination of the middle
cranial fossa [30]. The presence of the FV, its localization,
and diameter are important information for anatomists,
radiologists, maxillofacial surgeons, and neurosurgeons.

CONCLUSION

The FV is inconsistent foramen of the base of the skull.
The incidence of FV (67.7%) in this is study is considerably
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higher than in most previous studies, so FV is not that
uncommon finding as previously thought. Regarding the
gender incidence of the FV, there is no statistically sig-
nificant difference between males and females. There is
no remarkable difference in the lateral distribution of the
FV. The mean diameter of the FV is significantly higher
in men than women. We found an interesting fact that
in addition to one FV, there may be double and triple fo-
ramina, which were found in 22 subjects (6.5%) and two
subjects (0.6%) respectively. The exact cause of variations
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observed in the current study is difficult to determine but
these might be due to genetic, nutritional, environmental,
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Detailed knowledge of the anatomy of the base of the
skull and its varieties, including the FV, is very impor-
tant to the maxillofacial surgeons and neurosurgeons for
performing successful and safe microsurgical procedures.
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Be3anujycos 0TBOP — CTaNlaH UMW HECTa/laH OTBOP

Munow ManetuH', Munow Bykosuh?3, lywuua Mapuh?, Qumutpuje Jepemuh'>, Kocta Metposuh®

'KnuHnykmn uenTap BojsoguHe, Knuhika 3a yponorujy, Hosu Cag, Cpbuja;

*Ynueep3utet y Hosom Cagy, MepuumHckm dpakyntet, Kateapa 3a paguonorujy, Hosu Cag, Cpbuja;
*MHcTuTyT 33 oHKonorwjy BojsoguHe, LieHtap 3a ummnynHr gujarHoctrky, Hosn Cag, Cp6uja;
*YHnsep3auteT y HoBom Cagy, MepuumHckn dakyntet, Kategpa 3a aHatomujy, Hosu Cag, Cpbuja;
Ynusep3utet y Hosom Cagy, MeguuuHckm dpakyntet, Kateapa 3a xupyprujy, Hou Cag, Cpbuja;

YHuBep3wuTeTcka 6onHnua XaykenaHg, bepreH, Hopeeluka

CAMXETAK

YBopa/Lum Be3sanujycos oTBOp je BapujabunaH otBop Koju ce
Hanasu Ha 6a3u nobarbe, icnpeg v yHyTpa Of OBasIHOT OTBOPA,
a crnosba 1 13a okpyrnor otsopa. Kpo3 Besanwjycos otBop npo-
nasu jeiHa of eMICapHYX BEHA KOja yCrocTaB/ba KOMyHMKaLWjy
13mMehy KaBEPHO3HOT CUHYCa U KPUIACTOr BEHCKOT CrifieTa.
Linb nctpaxvsara 61o je ytBphrBarbe yuectanocti Besanujy-
COBOT OTBOPA KOA 0fpac/nx 0coba y 3aBNCHOCTY Of MONa, Kao
1 yTBphIrBatbe 6poja 0TBOPA, ANCTPUOYLIMjA Y OBHOCY Ha CTPaHy
nobare 1 ogpehrBare AnjameTpa oTBOpa.

MeTtope Kao matepujan kopuwwheHn cy AUrUTanHn NoAaLy CHA-
MaKa napaHasasHuX WynsbuHa OAPacnx ocoba ypaheHux Kom-
njyTepckom Tomorpadujom U3 apxusckor matepujana LieHTpa
3a pafiMosnorujy, Koju cy apxuBmpaHu y CopTBEPCKOM cucTeMy
PACS. AHanu3vpaHm cy akcujanim npeceuyn KT gebmbuHe 1T mm.
WctpaxuBame je 0byxsatino 500 ncnutaHmka (250 myLkor un
250 »eHcKor nona).

DOI: https://doi.org/10.2298/SARH200108064M

PesyntaTtm Be3sanujycos oTBop je 610 npucyTtaH Kog 67,6% nc-
nuTaHuKa. Y 50,9% cnyuyajeBa oTBOp je 610 6unatepanaH, ay
49,1% cnyyajeBa yHunatepanaH. [poceyHun Kocu anjameTap oT-
BOpa Ko MyLuKapaua nsHocu 1,75 £ 0,59 mm, a kog xeHa 1,56
+ 0,48 mm. Kop 22 ncnutaHuiKa (6,51%) youeHu cy yaBoOjeHw, a
Kop fABa ncnutaHuka (0,60%) yTpojeHn oTBopuU.

3aKsbyyaK Hema CTaTUCTUUKM 3HaYajHe PasfinKe y yyecTanoctu
jaBrbatba Besanujycosor oTBopa y ogHOCY Ha nos. lMpoceyHun
n3MepeHn anjameTap BesannjycoBor oTBOpa je CTaTUCTUYKA
6v0 Behu Kog myLKapaua. MpucycTso Besanujycosor oTBO-
pa npefcTaB/ba BaXkaH NMofAaTak 3a HEYpoXmpypre, jep TOKom
nepKyTaHe TpUreMnHasHe pU3oToMuje Ura Moxe fja npohe
KpO3 OBaj 0TBOP, NOBPeaM OKOJIHe KPBHE Cy0Be 1 AOBeAe [0
WHTPaKpaHujanHe xemoparuje.

KrbyuHe peun: Bezanujycos oTBOP; CHAMLM KOMjyTeP130BaHOM
TOMOrpadujom; NCNUTaHNULW; MPOCEYHM fujaMmeTap
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SUMMARY

Introduction/Objective More than 300 million people around the world are infected with hepatitis B
virus (HBV). It is transmitted through blood, blood derivatives, sexually, and vertically, and healthcare
workers, due to the nature of their work, represent a vulnerable group.

The aim of this research is to determine the coverage of vaccination against HBV infection of health
workers working in a tertiary health institution — the Clinical Centre of Vojvodina, the level of protection
by determining anti-HBs antibodies, the exposure degree, the degree of examinee’s compliance with
implemented protection measures in the workplace, and the level of knowledge about post-exposure
prophylaxis (PEP) measures.

Methods The research was conducted as a descriptive analytical cross-sectional study, in which a ques-
tionnaire on protection of health workers from blood-borne diseases (BBD) was used as an instrument
for research, as well as blood sampling to determine HBs antibody titer. The sample covered 100 health
care workers.

Results The research showed a large coverage of vaccination against HBV infection (97%). Aside from
continuous seroprophylaxis, 7% of examinees did not have protective anti-HBs antibodies. Health workers'
level of exposure to HBV infection incidence is 90%. Protection measures in the workplace are applied
by 89% of examinees, whereas 86% are familiar with the PEP measures.

Conclusion The research showed a large coverage of health workers using specific HBV infection pro-
tection, insufficiently implemented protection, high exposure to HBV infection incidence, incomplete

compliance with safety measures and insufficient knowledge of PEP measures.
Keywords: anti-HBs antibodies; health workers; hepatitis B; incident; safety at work

INTRODUCTION

Hepatitis B virus (HBV) infection represents
a global public health problem, due to its high
rate of prevalence and severe consequences
upon the health of the affected [1, 2]. Data by
the World Health Organization (WHO) in-
dicate that a third of the world population is
infected with the hepatitis B virus, and 10-30
million newly infected people are registered an-
nually, whereas as much as one million people
die as a consequence of the infection caused by
the virus [3, 4].

Health care workers (HCW3s) are under
occupational risk from blood-borne diseases
(BBD) [5, 6]. The main BBD prevention mea-
sure in health institutions is to avoid exposure
(professional exposure), apply hepatitis B vac-
cines, and adequate post-exposure prophylaxis
(PEP) [7, 8]. In the Republic of Serbia there is
no precise data on the coverage and the degree
of HCWS’ specific protection from hepatitis B
virus, the number, and the type of incidents

in the workplace and PEP, even though there
are certain legal provisions governing this issue
(Rulebook on Immunization and Protection
Measures Using Medicines, Law on Protection
of Population Against Infectious Diseases, Eu-
ropean Guide for Prevention of Blood-Borne
Diseases Transmission, Statistical Yearbook of
the Republic of Serbia) [1, 9-12].

Infections caused by HBV among HCW s
can be prevented by vaccination [13]. However,
vaccination efficacy is not absolute and it cor-
relates with achieved immunological response,
represented by the level of HBs antibodies.
Post-vaccination immunity is established when
the level of anti-HBs antibodies is > 10 mIU/ml
[14]. There are several factors that influence the
level of HBs antibodies: vaccine factors (dose,
schedule, the location of vaccine administra-
tion, time after vaccination), and host factors
(senior age (40+), male sex, obesity, smoking
and chronic diseases) [12].

Beyond the level of HBs antibodies, other
factors that impact the risk of infection in
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health workers are the type of needle used, i.e. the instru-
ment that caused the injury, the characteristics and the
severity of the injury, the type and amount of the poten-
tially infected fluid, i.e. inoculum, the patient’s viremia
degree [12].

However, the only conclusive evidence that a post-vac-
cination immunity has been established is the anti-HBs
antibodies’ control, and yet, in our country, these levels
are not monitored after health workers complete the HBV
infection immunization procedure.

The aim of this research was to determine the coverage
of vaccination against HBV infection, the level of protec-
tion against HBV infection by determining anti HBs an-
tibodies, employee exposure, compliance with the work
safety measures, and knowledge about the PEP measures.

METHODS

The research was conducted as a descriptive analytical
cross-sectional study. The data were collected by survey-
ing examinees with a questionnaire, which they filled out
themselves, and by blood sampling in order to determine
anti-HBs antibodies (in February and March of 2019).

The research included 100 health workers employed in
a tertiary health institution in the Republic of Serbia — the
Clinical Centre of Vojvodina in Novi Sad, in the organiza-
tional units in which employees very often come into con-
tact with patients’ biological material, i.e. where employees
are more exposed due to the nature of services provided
to patients (Infectious Diseases Clinic, Emergency Center,
Centre for Laboratory Medicine, and Dialysis Unit).

Along with survey questionnaires, the examinees re-
ceived a designated data sheet with the basic information
about the research. The examinees were required to sign
an informed consent.

The questionnaire on BBD protection of health work-
ers was used as the research tool designed specifically for
this purpose, based on the literature data and examiners’
experience.

The questionnaire on BBD protection of health workers
consisted of 40 questions divided into four parts. The first
part related to general questions, regarding socio-demo-
graphic data and the workplace itself, and contained 10
questions. The second part of the questionnaire contained
questions relating to safety measures in the workplace and
contained 11 questions. The third part examined incident
situations at the examinees’ workplace and it contained 11
questions, while the final (fourth) part dealt with examin-
ees’ vaccination status and encompassed eight questions.

The examinees were tested after the survey, i.e. their
blood was taken to determine anti-HBs antibodies at the
Laboratory for Virus Examinations of the Centre for Labo-
ratory Medicine, Clinical Centre of Vojvodina, on a MINI
VIDAS (bioMerieux, Marcy-I'Etoile, France) apparatus
using the enzyme-linked fluorescence assay method.

The study involved workers engaged in immediate care
and treatment of patients in tertiary health protection,
with at least one year of service and voluntary consent for

‘ DOI: https://doi.org/10.2298/SARH2004190598B
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participation in the research. The research was approved
by the Ethics Council of the Clinical Centre of Vojvodina
on January 29, 2019 in the Consent Decision No.00-52.

The IBM SPSS Statistics, Version 20.0 (IBM Corp., Ar-
monk, NY, USA) program package was used for statistical
data processing. Methods of descriptive and interferential
statistics were used for data analysis. Numerical marks with
normal placement were described using the arithmetic
mean and standard deviation (SD).

The existence of correlation between variables was
examined with the Spearman’s rank correlation, and the
strength of bonds was determined with guidelines pro-
vided by Cohen (small correlation r = 0.1-0.29; medium
correlation r = 0.3-0.49; large correlation r = 0.5-1) [15].

RESULTS

The average age of the examinees was X = 43.13 years
(SD = 10.22 years), the average height X = 168.17 cm
(SD = 7.83 cm), the average body weight X = 70.59 kg
(SD = 14.44 kg). The examinees had an average of X = 18.83
years of service (SD = 10.15 years).

Ninety examinees (90%) were female, and 10 (10%)
were male.

The examinees were mostly medical nurses/technicians
employed in internal medicine fields, who perform their
tasks in wards, working in shifts (Table 1).

Table 1. Structure of the examinees in relation to their workplace

Branch of medicine n %
Surgery 13 13
Internal medicine 66 66
General medicine 21 21
Occupation

Specialist doctor 15 15
Doctor 5 5
Registered nurse 12 12
Nurse with bachelor’s (appl.) Degree 7 7
Nurse 61 61
Workplace

Ambulance 18 18
Ward 75 75
Intensive / semi-intensive care unit 7 7
Shift work

Yes 54 54
No 46 46
Total 100 100

Vaccination coverage in the observed sample was 97%.
Completed HBV vaccination was listed by 87% of the ex-
aminees, majority of whom indicated that the time passed
from the vaccination was 5-10 years. Testing for BBD dur-
ing employment was reported by 41% of the examinees
(Table 2).

Out of the total number of the examinees, 7% did not
have anti-HBs antibodies for HBV infection, i.e. their val-
ues were lower than 10 mIU/ml (Table 3).
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Table 2. Examinee structure according to the vaccine status (coverage)
against HBV infection

Table 5. Review of mean values for the number of workplace incidents

Were you tested for BBD during employment?

Yes 41 41
No 45 45
| do not remember 14 14

Do you have HBV infection?

Yes 0 0
No 100 100
Total 100 100

Table 3. Examinee structure by anti-HBs antibodies values
Min. Max. X SD

Anti-HBsAt

3-10(7) | 11-500 (63) | =500 (30) |247.94 | 199.704

Carrying out medical tasks in which they come into
contact with blood and other patients’ bodily fluids was
stated by 90% of the examinees, out of whom 77% believed
that they have been exposed to a constant HBV infection
risk (Table 4).

Table 4. Examinee structure according to the degree of exposure to
HBV infection and the number of workplace incidents

Exposure to infection risk n %

Yes 77 77
No 4 4

Periodically 19 19
Contact with biological material

Yes 20 90
No 10 10
Needle prick

Yes 36 36
No 64 64
Injury by a sharp object

Yes 34 34
No 66 66
Contact with blood through the skin

Yes 53 53

No 47 47
Contact with blood through the mucous membranes

Yes 23 23

No 77 77
Total 100 100

The incident situation at workplace mentioned most
frequently by the examinees was exposure to patients’ bio-
logical material through skin (53%) and by needle prick
(36%) (Table 5).

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):695-700

Workplace incident n X | M | Min. | Max. | SD
Have you been vaccinated against HBV? n % Needle prick 361378125 1 20 | 3.78
Yes 97 97 Injury by a sharp object 34 1521 5 1 20 | 448
No 3 3 Exposure through the skin | 53 | 7.34 | 4 1 110 | 14.94
Are you completely vaccinated against HBV?

Exposure through the 231491 3 1 20 | 469
Yes 87 87 mucous membrane
No 13 13
SUTEL L e i el B Safety measures while working with patients are applied
Ayearago ° ° by 89% of the examinees. In regard to the safety measures
Between five and 10 years ago 51 51 the examinees use in their workplace during care and treat-
More than 10 years ago 37 37 ment procedures, the highest percentage of examinees
I am not vaccinated 3 3 specified the use of protective gloves (88%), while the use

of safety glasses was reported by the lowest percentage of
the examinees (24%).

Eighty-seven examinees (87%) confirmed that the em-
ployee safety was carried out continuously in their institu-
tion (Table 6).

Table 6. Examinee structure according to the use of protection mea-
sures in the workplace

Using protection measures while working with patients | n | %
Yes 89 | 89
No |1
Use of gloves
Almost never
Seldom 5 5
Always 88 | 88
Only when | know that a patient has an infectious disease | 3 | 3

Use of a mask

Almost never 8 8
Seldom 21 | 21
Always 60 | 60

Only when | know that a patient has an infectious disease | 11 | 11
Use of safety glasses

Almost never 52 | 52
Seldom 15 | 15
Always 24 | 24

Only when | know that a patient has an infectious disease | 9 | 9

Protection of workers from HBV in your institution is enforced

Continuously 87 | 87
Sporadically 11| 1N
I am not informed 2 2
Total 100 | 100

An equal percentage of the examinees (92%) was aware
of the meaning of the PEP term and of the department they
need to contact for help after being exposed. Incidents in
the workplace as adverse events were mentioned by 22%
of the examinees, while 97% disposed of infective waste
according to the rules of profession (Table 7).

Correlation of certain variables was examined with the
aim to determine the relation between age, sex, body mass
index (BMI), field of medicine in which the examinees
work, workplace and years of service with certain factors
affecting the health workers’ protection from HBV infec-
tion (vaccination completeness, titer HBs antibodies, ex-
posure to the risk of infection, number of interventions,
the use of protective equipment, number of incidents, and
more) (Table 8).
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Table 7. Examinee structure according to the degree of familiarity
with the procedures that affect the protection in the workplace and
PEP measures

Existence of instructions for the protection of o
employees in the workplace n e
Yes 91 91
No 2 2
| am not sure 7 7
Reporting incidents as adverse events

Yes 22 22
No 29 29
I am not sure 19 19
Knowledge of the term PEP

Yes 92 92
No 3 3
| am not sure 5 5
Knowledge of post exposure procedures

Yes 86 86
No 8 8
| am not sure 6
Knowledge of post-exposure help services

Yes 92 92
No 4

I am not sure 4 4
Disposal of infectious waste in accordance with the rules of the
profession

Yes, always 97 97
No, never 2 2
From time to time 1 1
Total 100 100

Years of age have a weak positive statistically signifi-
cant correlation with testing during employment (older
employees were seldom tested during employment), and
the time passed from vaccination (with older examinees
more time passed since vaccination).

The sex variable has a low statistically significant corre-
lation with testing during employment (female examinees
are tested more often) (Table 8).

DISCUSSION

Due to disease risks of health professionals, vaccination for
HBYV infection is mandatory in most countries. However,
health workers’ vaccination ranges from 15% in Africa to
75% in Australia, the USA, and New Zealand [16].

Studies conducted in Nigeria, China, Tanzania, and the
USA show that health workers’ vaccination scope for HBV
infection ranges from 18% (Nigeria) to 84% (USA) [17-20].

In our country, health care professionals are subject to
mandatory hepatitis B immunization according to epide-
miological indications since 1989.

An epidemiological study was carried out in the Repub-
lic of Serbia on the territory of Nisava and Toplica districts
(2000-2009), which determined that the health workers’
vaccination coverage for hepatitis B was 31% [21].

In December 2015, research was carried out for the pre-
dictors of vaccination status connected with immunization

‘ DOI: https://doi.org/10.2298/SARH2004190598B

Bogdanovic¢-Vasic S. et al.

Table 8. Significant correlations of the examined variables

Variable Variable [o) P
Age employment testing 0.206 | 0.039
number of interventions -0.224 | 0.025
knowledge of the term PEP -0.303 | 0.002
time elapsed since vaccination 0.243 | 0.015
Sex employment testing 0.211 | 0.035
vaccination completeness -0.246 | 0.014
BMI knowledge of the term PEP -0.271 | 0.006
anti-HBs antibodies -0.206 | 0.040
erzgiccri]noef exposure to the risk of infection 0.208 | 0.037
performing interventions 0.245 | 0.014
(s)g;ae):?ngulzgc;:d into the eye or 0243 | 0015
reporting incidents as adverse events | 0.349 | 0.003
disposal of infectious waste
according to the rules of the 0.287 | 0.004
profession
testing for BBD -0.385 | 0.000
Occupation | shift work 0.288 | 0.004
performing interventions -0.253 | 0.011
number of interventions in 24 h 0.433 | 0.000
use of protective equipment -0.364 | 0.000
Workplace | testing for BBD -0.239 | 0.016
exposure risk from BBD -0.230 | 0.022
disposal of infectious waste
according to the rules of the -0.203 | 0.43
profession
anti-HBs antibodies 0.242 | 0.015
Yearsof | knowledge of BBD 0232 | 0.020
employment testing 0.216 | 0.031
number of incidents -0.237 | 0.018
knowledge of the term PEP 0.235 | 0.019
time elapsed since vaccination 0.321 | 0.001

BMI - body mass index; PEP — post-exposure prophylaxis;
BBD - blood-borne diseases

for hepatitis B with persons working at the Clinical Centre
of Serbia (Belgrade) in a cross-sectional study. The preva-
lence of vaccination in the examined sample was 66% [22].

Our research with HCWs employed in a facility of ter-
tiary health care showed a high vaccination coverage of
97%. The obtained results show an increase in the cover-
age degree, and the fact that important steps are taken in
educating HCWSs on the protection from BBD.

When it comes to personal protection, 89% of exam-
inees used protective measures when performing profes-
sional duties and these most often included gloves (88%),
while protective glasses were used least frequently 24%.

In the Republic of Serbia, a research was carried out on
the territory of the Autonomous Province of Vojvodina
related to the importance of blood-borne infection pre-
vention and control for the decrease of professional risks
amongst HCWs. The research results showed that health
professionals in Vojvodina have a high rate (more than
80%) of professional exposure to these infections [23]. The
same was confirmed by our research, viz. 90% of examin-
ees carry out medical tasks during which they come into
contact with patients’ biological waste.
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Some countries (Sudan) recognized the need to study
the exposure of HCWs to HBV infection in the workplace
when performing care and treatment activities. The ob-
tained results showed a high level (above 65%) of infection
exposure [24].

WHO estimates that every year around 66,000 health
care professionals are infected with HBV, and 600,000-
800,000 health professionals experience an incident in the
workplace in the form of a cut or a needle prick [14, 25].

Our research shows that the highest exposure is suf-
fered by HCW's who perform numerous medical tasks i.e.
interventions during the day, and it is the nurses/techni-
cians who are more exposed than other examinees. It is
exactly the nurses/technicians who reported the highest
number of incidents while working. The research carried
out showed that younger nurses-technicians, especially
those with higher BMI, have more frequent contacts with
blood and other patients’ bodily fluids (Table 8).

The aim of research conducted in China, India, Japan
and Catalonia was to determine the level of health care
professionals’ protection against HBV infections after vac-
cination procedure has been completed. The acquired data
indicate that the protection efficiency ranges between 64%
(Catalonia) and 83% (Japan), i.e. these are the percentages
of examinees with protective anti HBs antibodies [26-29].

Even though there is permanent seroprophylaxis at the
Clinical Centre of Vojvodina, 7% of the examinees involved
in this research did not have anti-HBs antibodies (< 10
mIU/ml), which implies that the protection efficiency for
HBYV infection in the monitored sample is 93%. All seven
examinees who did not have a protective antibody titer
were vaccinated with three doses of the vaccine. In four
examinees, the time elapsed since the last of vaccine was
one year, in two examinees between five and 10 years, and
in one more than 10 years.

Among factors that influence the level of anti-HBs anti-
bodies, our study confirms the influence of BMI, because
it has a low negative correlation to anti-HBs antibodies

REFERENCES

1. Abiola AH, Agunbiade AB, Badmos KB, Lesi AO, Lawal AO, Alli
QO. Prevalence of HBsAg, knowledge, and vaccination practice
against viral hepatitis B infection among doctors and nurses in
a secondary health care facility in Lagos state, South-Western
Nigeria. Pan Afr Med J. 2016;23:160.

2. Majstorovic B, Jankovi¢ S, Dimovski Z, Kekus D, Koci¢ S, Mijailovic
Z. Assestment of the Reliability of the Serbian Version of the
Sickness Impact Profile Questionnaire in Patients with Chronic
Viral Hepatitis. Srp Arh Celok Lek. 2015;143(11-12):688-94.

3. World Health Organization. WHO Hepatitis B. Geneva, 2015. [cited
2020 Jan 25]. Available from: http://www.who.int/mediacentre/
factsheets/fs204/en/

4. Chen MB, Wang H, Zheng QH, Cui WY, Xu HL, Zheng XW.
Comparative efficacy of the front-line anti-HBV drugs in nucleos(t)
ide analogue-naive chronic hepatitis B: A protocol for systematic
review and network meta-analysis. Medicine (Baltimore).
2020;99(19):e20160.

5. Nagashima S, Yamamoto C, Ko K, Chuon C, Sugiyama A, Ohisa M,
et al. Acquisition rate of antibody to hepatitis B surface antigen
among medical and dental students in Japan after three-dose
hepatitis B vaccination. Vaccine. 2019;37(1):145-51.

6.  Trevisan A, Giuliani A, Scapellato ML, Anticoli S, Carsetti R,
Zaffina S, et al. Sex Disparity in Response to Hepatitis B Vaccine

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):695-700

(the higher the BMI, the lower the anti-HBs antibodies
— Table 8).

Higher exposure to infection and lower level of response
to the vaccine with examinees who have a higher BMI is
explained through certain metabolic disorders that change
the immune system’s response and thus contribute to the
increased sensitivity to bacterial, viral, or fungal infections
[30].

Younger examinees were more familiar with the mean-
ing of the PEP term, and the procedure after being exposed
to a workplace incident, even though 86% gave a positive
reply to a question about their knowledge of the post-ex-
posure procedure. Knowledge on prevention and control
of BBD and PEP should be implemented into school cur-
riculums of vocational schools and faculties. It is the basis
for acquiring knowledge and skills, which should be im-
proved from the moment of employment for every health
worker and then continued during the entire working life.

CONCLUSION

The conducted research showed high average HBV infec-
tion vaccination amongst HCWs (97%), as well as high
level of protection 93%. Health workers’ exposure in the
observed tertiary health care institution was 90%. Safe-
ty measures against HBV infection were carried out by
HCWs in 89% of the cases, whereas 86% of employees re-
sponded positively about being familiar with the PEP term.

Considering the fact that, in our country, there is no
valid nor complete data on HCWSs’ vaccination coverage
for HBV infections, on the protection level of employees
who underwent immunization, on the number and the
type of incidents in the workplace and the PEP applied,
activities of all relevant institutions in the country should
be guided towards solving this increasing problem.

Conflict of interest: None declared.

Related to the Age of Vaccination. Int J Environ Res Public Health.
2020;17(1):327.

7. Canak G. Infektivne bolesti sa negom zaraznih bolesnika. Novi
Sad: Medicinski fakultet Univerziteta u Novom Sadu; 2009. p. 429.

8. Duri¢ P, Brki¢ S, Cosi¢ G, Petrovic¢ V, Ili¢ S. Kontrola i prevencija
krvnoprenosivih infekcija u zdravstvenim ustanovama. Novi Sad:
Institut za javno zdravlje Vojvodine; 2007.

9. Pravilnik o imunizaciji i nacinu zastite lekovima (,SI. glasnik
RS’ br. 11/2006) [Internet]. [citirano 2020 Feb 02]. Dostupno
na: http://www.rfzo.rs/download/pravilnici/mz/Pravilnik_
imunizacija-15042015

10.  Zakon o zastiti stanovnistva od zaraznih bolesti (,SI. glasnik RS", br.
125/2004 i 35/2015) [Internet]. [citirano 2020 May 12]. Dostupno
na: http://www.rfzo.rs/download/zakoni/zakon_zastitaod_
zaraznih_bolesti.pdf

11.  Statisticki godisnjak Republike Srbije. Beograd: Republicki zavod
za statistiku; 2018. p. 99.

12.  Department of Health & Human Services [Internet]. Interpretation
of hepatitis B serologic test results. Atlanta: Centers for Disease
Control and Prevention (US); [cited 2020 Jan 20]. Available from:
http://www.cdc.gov/hepatitis/hbv/pdfs/serologicchartv8.pdf

13.  Kisangau EN, Awour A, Juma B, Odhiambo D, Muasya T, Kiio SN, et
al. Prevalence of hepatitis B virus infection and uptake of hepatitis

www.srpskiarhiv.rs

699



700

20.

21.

B vaccine among healthcare workers, Makueni County, Kenya. J
Public Health. 2019;41(4):765-71.

Coppeta L, Pompei A, Balbi O, Zordo LM, Mormone F, Policardo

S, et al. Persistence of Immunity for Hepatitis B Virus among
Heathcare Workers and Italian Medical Students 20 Years after
Vaccination. Int J Environ Res Public Health. 2019;16(9):1515.
Cohen JW [Internet]. Statistical power analysis for the behavioral
sciences (2nd edn.). Hillsdale, NJ: Lawrence Erlbaum Associates;
[cited 2020 May 25]. Available from: ibcat.calacademy.org/title/
statistical-power-analysis-for-the-behaviouralsciences/oclc/99073
50757?referer=di&ht=edition

Galanakis E, Jansen A, Lopalco PL, Giesecke J. Ethics of mandatory
vaccination for healthcare workers. Euro Surveill. 2013;18(45):206-
27.

Dayyab FM, lliyasu G, Ahmad BG, Bako AT, Ngamariju SS,

Habib AG. Hepatitis B vaccine knowledge and self-reported
vaccination status among healthcare workers in a conflict region
in northeastern Nigeria. Ther Adv Vaccines and Immunother.
2020;8:2515135519900743.

Yuan Q, Wang F, Zheng H, Zhang G, Miao N, Sun X, et al. Hepatitis
B vaccination coverage among health care workers in China. PLoS
One. 2019;14(5):e0216598.

Mueller A, Stoetter L, Kalluvya S, Stich A, Majinge C, Weissbrich

B, et al. Prevalence of hepatitis B virus infection among health
care workers in a tertiary hospital in Tanzania. BMC Infect Dis.
2015;15:386.

Bookstaver PB, Foster JL, Lu ZK, Mann JR, Ambrose C, Grant A, et
al. Hepatitis B virus seroconversion rates among health sciences
students in the southeastern United States. J Am Coll Health.
2016;64(1):69-73.

Janicijevi¢ |, Perovi¢ M, Rancic N, Miti¢ S. Vakcinacija zdravstvenih
radnika protiv virusnog hepatita B. Timocki medicinski glasnik.
2011 [citirano 2020 Feb 16];36(4):188-91. Dostupno na: http://
www.tmg.org.rs/v360402.htm

Bogdanovic¢-Vasic S. et al.

22.  Kanazir M. Ispitivanje prediktora vakcinalnog statusa povezanog
sa imunizacijom protiv hepatitisa B kod osoba zaposlenih u
zdravstvenim ustanovama [disertacija]. Beograd: Medicinski
fakultet Univerziteta u Beogradu; 2016. p. 81.

23.  Duri¢ P. Uticaj programa unapredenja prevencije i kontrole
krvnoprenosivih infekcija na smanjenje profesionalnog rizika u
zdravstvu [disertacija]. Novi Sad: Medicinski fakultet Univerziteta u
Novom Sadu; 2008. p. 230.

24. ElmukashfiTA, Ibrahim OA, Elkhidir IM, Bashir AA, Elkarim
MA. Hazards analysis, within departments and occupations,
for hepatitis B virus among health care workers in Public
Teaching Hospitals in Khartoum state Sudan. Glob J Health Sci.
2012;4(6):51-9.

25.  SekoguchiS, Hirose H, lkeda K, Yamane S, Hamada S, Hotta Y, et al.
Necessity of hepatitis B vaccination based on the current situation
of needle stick injuries at our hospital. Kanzo. 2020;61(4):184-90.

26. ZhengYB, GuYR, Zhang M, Wang K, Huang ZL, Lin CS, et al. Health
care workers in Pearl River Delta Area of China are not vaccinated
adequately against hepatitis B: a retrospective cohort study. BMC
Infect Dis. 2015;15:542.

27. Taishete S, Chowdhary A. Seroepidemiological survey of
health care workers in Maharashtra. Indian J Med Microbiol.
2016;34(2):237-40.

28. Yanase M, Murata K, Mikami S, Nozaki Y, Masaki N, Mizokami
M. Hepatitis B virus vaccination-related seroprevalence among
health-care personnel in a Japanese tertiary medical center.
Hepatol Res. 2016;46(13):1330-7.

29. Dominguez A, Urbiztondo L, Bayas JM, Borras E, Broner S, Campins
M, et al. Working Group for the Study of the Immune Status in
Healthcare Workers of Catalonia. Serological survey of hepatitis B
immunity in healthcare workers in Catalonia (Spain). Hum Vaccin
Immunother. 2017;13(2):435-9.

30. LiuF,Guo Z, Dong C. Influences of obesity on the immunogenicity
of Hepatitis B vaccine. Hum Vaccin Immunother. 2017;13(5):1014-7.
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CnobopaHka borgaHosuh-Bacuh', JeneHa Crojuesnh-Manetuh*, bpaHucnasa bpectoBauku-Ceutnuua®*, CaHgpa MuhyHosuh?,

Brioneta KHexxeBnh?S, Ponang AHToHuh', Maja Pyxuh?
'Akaziemmja cTpyKoBHUX cTyauja Wabay, Wabaw, Cpbuja;

Ynusep3uTet y HoBom Cagy, MeanunHckn dakyntet, Hosu Cag, Cpbuja;
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*VIHCTUTYT 3a 3[PaBCTBEHY 3aLUTUTY fieLle n omnaauHe BojsoauHe, KnuHka 3a negujatpujy, Hosu Cag, Cpbuja;
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CAXETAK

YBog/Lum Bupycom xenatutuc b (BXB) nHounumpaHo je suie
ofi 300 M1IMOHa Jbyan LIMPOM cBeTa. [peHoc ce myTem KpBu,
KPBHYIX flepyriBaTa, CeKCyanHum NyTem v BePTUKaHO, a 34paB-
CTBEeHU paAHMLUM 360r NPUPOAe CBOT Noca NpeacTaB/bajy
BY/IHepabuHy rpymny.

Linrb oBor ncTpaxuBarba 610 je fa ce yTBpAn 00yxBaT BaKLU-
Haumjom NpoTuB UHdekuyje BXb 3npaBcTBEHUX pagHUKa pagHo
AHraXXoBaHVX y TepLMjapHOj 38PaBCTBEHO] yCTaHOBM —KnnHWY-
KoM LieHTpy BojBofnHe, HUBO Te 3awwTnTe ogpehurBarbem TUTpa
aHTn Xbc aHTWTenNa, CTeneH N3N0XeHOCTH, CTEMEH NOLITOBaHa
Mepa 3alTHTE Ha PagHOM MECTY UCMUTAHWUKA 1 CTEMEH NO3Ha-
Batba Mepa NocTeKcnosnuroHe npodunakce (MEM).

MeTtope VictpaxmBame je cnpoBefeHo Kao AeCKPUMTMBHA aHa-
NUTUYKa CTyAMja NPeceKa, Y KOjoj je Kao MHCTPYMEHT UCTPaXu-
Batba KopuWheH YNUTHYK O 3alTUTK 30PaBCTBEHNX pagHMKa
NpOTNB KPBHOTPAHCMUCUBHUX 60NeCTH, a y30pKoBaHa je KpB

DOI: https://doi.org/10.2298/SARH2004190598B

3a ogpehuBarbe TnTpa aHTu-Xbe aHTUTena. Y30pak je uiHuna
jefHa CTOTMHA 34PaBCTBEHUX PafjHNMKa.

Pesyntatu /cTpaxuBame je nokasasno B1COK HNBO 0byxBaTa
BaKLMHaLmjom npoTus uHdekumje BXb (97%). Mopepn KoHTV-
HyupaHe ceponpodunakce ogpeheH 6poj ucnnTaHNKa Hema
3aLUTUTHU TUTap aHTUTeNa (7%). H1BO ekcno3uumje 3ppaBcTae-
HUX pafjHUKa HacTaHKy nHeKuuje BXB nsHocu 90%. 3awtntHe
Mepe Ha pafHOM MecTy Kopuctu 89% ncnntaHunka, Aok 86%
no3Haje mepe MMEM.

3aKsbyuak VcTpaxknBatbe je nokasasno BUCOK HUBO 0byxBaTa
3[PaBCTBEHNX PafHUKa cneurndryHOM 3alTUTOM NPOTUB UH-
dekuuje BXB, HejoBO/baH CTeneH cnpoBefeHe 3aliTuTe, BUCOK
HWBO U3NOXEHOCTN HacTaHKy NHbeKumje BXB, HenotnyHo no-
LUTOBakbe Mepa 3aLUTUTe N HeJOBOJLHO NO3HaBake mepa [MEM.

KrbyuHe peunt: Ttap aHTUTENa; 3APaBCTBEHU PAiHNL; Xemna-
TUTUC B; akumMaeHTY; 3aWwTnTa Ha pagy
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Is age-adjusted Modified Early Warning Score
upon admission a relevant prognostic tool for final
outcome?
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Stanislava Sovilj-Gmizi¢’
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SUMMARY

Introduction Early warning scoring systems are important for timely identification of the critically ill, but
are they a relevant prognostic tool? Our objective was to test if Modified Early Warning Score (MEWS),
lactate, and base excess (BE) have any prognostic value in high dependency unit patients.

Methods This was a prospective observational study that included 364 patients treated at a respiratory
high dependency unit. The values of MEWS, lactate, and BE at admission were recorded with patients’
age, sex, and comorbidities. Negative outcome was defined as death or transfer to the intensive care
unit. Independent predictors of negative outcome were identified with the use of multivariable logistic
regression.

Results Of 369 patients, 203 (55%) were male. Mean age was 62 + 16. There were 138 (37.4%) patients
with negative outcome: 27.37% died, while 10.03% patients required intensive care unit transfer. The
median length of hospital stay was 13 days (IQR 7-15). Patients with negative outcome had a significantly
higher MEWS (3.68 £ 1.965 vs. 4.57 + 2.33, p < 0.001), lower BE (-0.139 + 7.48 vs. -3.751 £ 6.159, p < 0.001),
and a higher lactate (2.299 + 2.350 vs. 3.498 + 3.578, p < 0.001). MEWS >4 (OR 1.90, Cl 1.082-3.340, p =
0.026) was the only independent predictor of mortality. Area under the curve (AUC) for MEWS with regard
to in-hospital mortality prediction was 0.633 (95% Cl 0.569-0.697). When age was added to MEWS, the
AUC was 0.76 (95% Cl 0.707-0.814).

Conclusion Our findings support the prognostic value of MEWS for final outcome of patients admitted

to the high dependency unit.
Keywords: MEWS; lactate; BE; outcome

INTRODUCTION

Various versions of early warning scores
(EWS) are proposed for timely identification
of the critically ill [1-4]. The ultimate goal is to
timely recognize clinical deterioration, which
facilitates early intervention. One of the wide
spread scores in clinical practice is the Modi-
fied Early Warning Score (MEWS) [5, 6, 7]. In
the most recent study, EWS were also proposed
as a prognostic tool, but further validation is
necessary [8]. Addition of laboratory findings
to increase the value of clinical scores has been
considered [9-22]. Since our respiratory high
dependency unit (HDU) is mainly used for
treating patients diagnosed with pneumonia
and sepsis, severe chronic obstructive pulmo-
nary disease exacerbation, and pulmonary
thromboembolism, we decided to test lactate,
base excess (BE), and age in addition to MEWS,
as predictors of final outcome.

METHODS

This study was prospective and observational.
It took place at the respiratory HDU of the

Institute for Pulmonary Diseases. The study
was done in accordance with the Committee on
Ethics of the Institute for Pulmonary Diseases
of Vojvodina. During the time period from
2009 to 2014, the following data were recorded
for 369 patients: age, sex, comorbidities, vital
signs and the calculated MEWS at admission,
as well as lactate and BE at admission, length
of stay, and outcome. There were 501 patients
treated at the respiratory HDU during the given
time period; however, due to technical issues, it
was not possible to measure lactatemia in 132
patients, and they were omitted from the study.
The negative outcome was either intensive care
unit (ICU) transfer or death, and the positive
outcome was discharge from the hospital or
transfer to the general ward. We used the fol-
lowing cut-off values: MEWS > 4, lactate > 2.5
mmol/1, age > 65years and BE < -2 mmol/l.
We used percentages to present categorical
variables and their comparison was performed
with the help of either Fisher’s exact test or x°.
Either mean (+ SD) or median (interquartile
range — IQR) were used to present continuous
variables and the values were further compared
using Student’s t-test or the Mann-Whitney
U-test. Odds ratios between individual factors
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and the mortality were calculated with univariate logistic
regression, followed by multivariable logistic regression
in order to recognize independent mortality predictors.
Sensitivity and specificity at the given cut-off of > 4 points
were determined for MEWS score, followed by the receiv-
er-operating characteristic (ROC) curve.

RESULTS

The mean age of 369 patients was 62 (+ 16) years. There
were 215 (58.3%) male patients. The leading diagnosis at
admission was pneumonia for 151 patients (40.92%). As
many as 341 (92.4%) had at least one comorbidity — mostly
cardiovascular. Age, sex, co-morbidities, and initial diag-
nosis upon admission for all patients are listed in Table 1.
No difference was found in MEWS values between the
patients with and without co-morbidities (Table 2).

Table 1. Baseline characteristics of the patients

Variables n (%)
Male 215 (58.3%)
Sex
Female 154 (41.7%)
Cardiovascular 260 (70.5%)
Comorbidities | Respiratory 143 (38.8%)
Neurological 73 (19.8%)
<65 180 (48.8%)
Age
> 65 189 (51.2%)
Pneumonia 151 (40.92%)
ghronlc obstructive pulmonary 78 (21.1%)
. ) isease
Dlag'no’5|s & Sepsis 59 (16%)
admission
Pulmonary embolism 28 (7.6%)
Rgspwatory failure in neurological 8 (2.17%)
diseases

Table 2. Modified Early Warning Score in patients with and without
comorbidities

s <4 >4 Total
Comorbidities
n % n % n %
Without 13 7.5% 15 7.7% 28 7.6%
With 160 92.5% 181 92.3% 341 92.4%
Total 173 100% 196 100% 369 100%

Initial MEWS was taken in all the patients, as well as
lactate, BE, and the length of stay. All the values were com-
pared between the groups with positive and negative out-
come. Two hundred thirty-one (62.6%) patients had the
positive outcome. Patients with the negative outcome had
a significantly higher MEWS (3.68 £ 1.965 vs. 4.57 £ 2.33,
p < 0.001), lower BE (-0.139 + 7.48 vs. -3.751 + 6.159,
p < 0.001), and a higher lactate (2.299 + 2.350 vs.
3.498 + 3.578, p < 0.001).We found no difference in the
length of stay between the groups with different outcome
(17.00 £ 11.697 vs. 14.44 + 18.709, p = 0.106).

We correlated initial MEWS with lactatemia and found
a weak positive correlation (r = 0.245, p < 0.001).

We also compared initial MEWS with BE and found a
weak positive correlation (r = 0.202, p < 0.001).
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Median length of hospital stay was 13 days (IQR 7-15).
We did not find that patients with MEWS > 4 had more
hospital days (17.00 £ 11.697 vs. 14.44 + 18.709, p = 0.61).
Odds ratio between individual factors and mortality were
calculated with univariate logistic regression, and the iden-
tified factors that had a correlation with mortality were
the following: MEWS > 4 points, lactate > 2.5 mmol/l,
BE < -2 mmol/l, as well as the age > 65 and the presence
of comorbidities (Table 3).

In the following step potential independent mortality
predictors were identified with the use of multivariable
logistic regression - the results are shown in Table 4. Multi-
variate logistic regression showed that MEWS and age were
independent mortality predictors. The strongest predictor
of mortality was MEWS with OR of 1.9.

Table 3. Univariate logistic regression model to estimate unadjusted
odds ratios between each factor and mortality

Variables OR 95% Cl p

Modified Early Warning Score >4 | 2.119 | 1.296-3.465 | 0.003
Lactate > 2.5 2477 | 1.531-4.008 | <0.001
Base excess < -2mmol/I 2579 | 1.68-4.516 |<0.001
Age = 65 1.069 | 1.046-1.093 | <0.001
Comorbidities 4.732 | 1.101-20.337 | 0.037

Table 4. Multivariate logistic regression analysis showing independent
predictors of mortality

Variables Cut-off values p OR 95% Cl

MEWS >4 0.026 1.901 | 1.082-3.340
Lactate 225 0.173 1.479 | 0.842-2.591
BE < -2 mmol/I 0.06 1.173 1.000-3.142
Age > 65 <0.001 | 1.058 | 1.034-1.082
Comorbidities Present 0.348 2262 |0.412-12.433

MEWS - Modified Early Warning Score; BE - base excess; OR - odds ratio;
Cl - confidence interval

The area under the curve (AUC) for MEWS was 0.633
(95% CI 0.57-0.7). The model which included the age
and MEWS (AUC 0.76, 95% CI 0.707-0.814) was supe-
rior to MEWS alone (AUC 0.633, 95% CI 0.569-0.697).
The calculated AUC for BE was only 0.338 with 95% CI
0.272-0.404 and AUC for lactate was 0.652 with 95% CI
0.585-0.718. The addition of both lactate and BE to the
model which included MEWS and age did not improve
the AUC (AUC 0.79, 95% CI 0.74-0.843).

DISCUSSION

The rationale behind the use of EWS is quite straightfor-
ward - their crucial clinical role lies in timely recognition
of clinical deterioration on the ward. Acute deterioration
is most frequently preceded by changes in vital parameters,
which constitute EWS [1-10]. In this study, we confirmed
the predictive value of MEWS and age in identifying HDU
patients at high risk for death or ICU admission. Further
addition of BE and lactate were not found to improve the
outcome prediction.

Alam et al. [3] presented the results of systematic review
on impact of EWS on patient outcomes. Seven large studies
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were included, but meta-analysis was not possible due to
heterogeneity. They concluded that there was a positive
trend towards improved outcomes after EWS were intro-
duced. The main limitation of this review was the fact that
no single standardized EWS was used. One of the best vali-
dated variants of EWS is the MEWS. Implementation of this
score has shown reduction in hospital mortality, number
of ICU days and number of adverse events [5, 6, 7]. When
our respiratory HDU was established in April of 2009, we
choose to incorporate MEWS in the chart. One of the aims
was to demonstrate its effectiveness in every day practice in
order to introduce it to our general wards without too much
resistance from the already overburdened staff.

The study was prospective and observational in design,
but it has several limitations. The first limitation is that we
excluded 132 patients due to the fact that our laboratory
could not perform lactate testing at all times. Second limita-
tion is that “initial” MEWS, along with lactate and BE, refers
to the values measured upon admission to the respiratory
HDU - more than half of the patients were transferred
from the ward, while the rest were admitted directly to the
HDU. Another limitation is that comorbidities were noted
but Charlson comorbidity index was not calculated in order
to better classify their burden and severity.

We found that 341 (92.4%) patients had at least one
comorbidity, but there was no difference in initial MEWS
values between the groups with and without comorbidities.
In the study by Cildir et al. [23] there was a significant dif-
ference between surviving patients and those who died, in
both MEWS values and Charlson comorbidity index, but
the two indices were not compared to each other.

Initial MEWS values were compared between the groups
with different outcome. Due to the specific role of the HDU,
we defined the positive outcome as either transfer to the
ward or discharge from the hospital, while death and trans-
fer to the ICU were defined as the negative outcome. A
total of 231 (62.6%) patients had the positive composite
outcome, and patients with the negative composite outcome
had a significantly higher MEWS. This finding is in accor-
dance with the results of Goldhill et al. [1] - they conducted
a study on 1047 patients, in which they concluded that an
increasing EWS was associated with higher hospital mortal-
ity. Burch et al. [5] conducted a study on 790 patients and
they also found that increasing MEWS was associated with
higher rates of intrahospital mortality. Similarly, EWS were
previously tested as potential predictors of serious adverse
events in hospitals. Ludikhuize et al. [6] performed a study
which included 204 patients. They found that 81% patients
had MEWS score three points or higher on at least one
occasion during the 48-hour period preceding the adverse
event. Recently, Liu et al. [2] performed a cohort study in
patients with and without the infection comparing five
EWSs regarding their potential role to predict in-hospital
mortality and the combined outcome of ICU transfer or
mortality. National Early Warning Score (NEWS) and
MEWS had the highest discrimination power to predict the
outcome in comparison with the Quick Sequential Sepsis-
Related Organ Failure Assessment (QSOFA), and Systemic
Inflammatory Response Syndrome (SIRS) [2].
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The median length of hospitalization in our study was
13 days [IQR 7-15]. We did not find that patients with ini-
tial MEWS > 4 had a longer length of stay. Also, we found
no difference in the length of hospitalization between the
groups with the positive and the negative outcome. In a
large study for MEWS validation, Subbe et al. [7] showed
that 7.1% of all patients had MEWS > 5 at admission,
compared to only 1.8% on the third day. However, in a re-
cent study by Kruisselbrink et al. [4] in a resource-limited
setting, the median duration of hospitalization was nine
days. The authors found a much higher percentages of
MEWS 2 5 after a median of nine days. Torsvik et al. [24]
conducted a post-intervention study in a Norway hospital
on 409 patients, and the intervention included introduc-
tion of a flow chart for sepsis identification including all
vital parameters, doctors’ response time, and treatment.
They found that the length of stay was 3.7 days shorter
after the intervention. The explanation is that timely iden-
tification of high-risk patients leads to earlier intervention
and/or shorter delay to ICU transfer. However, in a study
by Paterson et al. [25], the results showed that the length
of stay extended significantly in relation to increasing the
EWS score, as well as that the EWS score of > 4 resulted in
doubling of the hospitalization length. Similarly, Groarke
et al. [26] found that higher admission EWS correlated
with longer hospital stay.

In our study, risk factors for higher mortality in the
univariate analysis were the following: MEWS > 4 points,
lactate > 2.5 mmol/l, BE < -2 mmol/I, the presence of co-
morbidities, and the age of > 65.

Multivariable logistic regression analysis identified two
independent mortality predictors - MEWS and age. In the
study by Jacques et al. [2], BE of less than -5 mmol/1 was
also confirmed as a predictor of serious adverse events.
Groarke et al. [26] found that admission EWS can be a
valuable score for triage in acute medical admissions — they
concluded that there was a higher risk for ICU admission,
as well as death for each rise in the EWS category. Paterson
et al. [25] designed a study to assess effects of a standard-
ized EWS on patient outcomes in acute admissions — they
included 848 patients, both medical and surgical. The re-
sults confirm that high admission EWS indicated higher
risk of hospital mortality. Moreover, the medical staff filled
a questionnaire where they indicated the use of a scoring
system helped detect illness severity (80%) which prompt-
ed earlier interventions (60%). One of the most significant
early studies for MEWS validation by Subbe et al. [7] found
that MEWS of > 5 points correlated with increased risk
for mortality as well as ICU admission. Kruisselbrink et
al. [4] found that MEWS above four points was associ-
ated with increased mortality. However, the most recent
argument in favor of MEWS is the study by Churpek [8],
whose results were published in 2016. The study compared
four different scores in order to determine their value in
predicting hospital mortality and transfer to the ICU. The
scores were MEWS, qSOFA, NEWS, and SIRS. The study
included 30,677 patients who first met the criteria for sus-
pected infection from 2008 to 2016. The results show that
NEWS was the best predictor of hospital mortality, and
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MEWS was the second best. Authors concluded that the
newly proposed qSOFA score was not a good substitute for
EWS when it comes to identifying high-risk patients with
suspected infection. Another study published in 2016, by
Wang et al. [27], established that peri-arrest MEWS values
predicted the outcome. On the other hand, an Italian study
published in 2017 performed on 526 patients with sepsis
states that even though increasing MEWS correlated with
mortality, AUC did not show that MEWS had a sufficient
sensitivity for predicting in-hospital mortality [28]. Mit-
sunaga et al. [29] showed that NEWS and MEWS predict
hospital mortality in the elderly.

There are studies in which addition of biochemical
markers increased the AUC for predicting intra-hospital
mortality. Perera et al. [30] found that MEWS of > 5 points,
along with increasing age, predicted outcome. In order
to increase the sensitivity of prediction, they suggested
a combined score consisting of MEWS and several bio-
chemical parameters: CRP, albumin, and platelet count.
Ho et al. [11] showed that combining plasma lactate with
qSOFA score significantly increases the ability to predict
mortality in patients with infection [11]. Our study did not
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demonstrate additional benefit of adding BE and lactate
level to the age and MEWS in predicting mortality risk in
HDU patients. It is possible that this is due to heterogeneity
of the population — we included patients with pneumo-
nia, sepsis, but also acute chronic obstructive pulmonary
disease exacerbation and pulmonary thromboembolism.
Further research in each of these subgroups may show
different results.

CONCLUSION

The findings of our study suggest that the MEWS, adjusted
for age, represents a valuable prognostic tool for final out-
come and an independent predictor of hospital mortality
for HDU patients. According to the recent studies about
the significance of EWS to predict outcome in hospitalized
patients, the results of our study are another contribution
to use them for identifying the patients who are at risk for
in-hospital death or who are in need of transfer to the ICU.
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[la "M npema CTapocTM KopuroBaHa BpeaHoCT ckopa MEWS npu npujemy uma
NPOrHOCTUYKY BPEAHOCT Y OAHOCY Ha KOHAYaH UCXOA Nleyera?

[ywaHka O6bpagosuh'? busbaHa Jogelw'?, BaHa Byjosuh', Mapuja Bykoja'? CphaH Credarosuh', CraHucnasa Cosumb-Tmusuh!’

WHcTuTyT 3a nnyhHe 6onectn BojsoaunHe, Cpemcka Kamenuua, Cpbuja;
2Ynneep3utet y HoBom Cagy, MeguumHckm dpakyntet, Hosu Cag, Cpbuja

CAMETAK

YBop bofj0BHM CCTeMM 3a paHO Npeno3HaBakbe Cy BaXKHU
3a ugeHTMdUKaLmnjy KpUTUYHO obonenunx, anu aa nm cy u
nporHocT1yKy anat? Linsm je 61Mo npoBeprTM NPOrHOCTUYKY
BpefHoCT MofMduKoBaHor paHoyno3opasajyher 6040BHOT
ckopa (MEWS), nakTtata v 6a3Hor ekcueca (bE) kog 6onecHvika
NPUMIbEHUX Y jeANHNLY NONYUHTEH3MBHE Tepanuje.

MeTopae MpocneKTrBHa oncepBaLiMoHa CTyAWja 0byxBaTuna je
369 6onecHMKa XOCNMUTANN30BaHWX Yy MYJIMOJIOLKY jegUHULLY
nonyuHTeH3MBHe Tepanuje. BpegHoctn MEWS ckopa, naktata
1 BE npv npujemy 3abenexeHe cy, kKao 1 fob 6onecHUKa, Non
1 NpUCYCTBO KOMopbuauTeTa. HeratusHu ncxop je aeduHmcaH
Kao CMPT WM NPEMELLTaj Y jeANHULLY NHTEH3UBHOT Jleyekba.
DaKTopW 3a Koje je yH1BapujaHTHOM aHann3om yTBpheHa cTa-
TMUCTUYKA 3HAYajHOCT aHaNM3MpaHu y3 momoh MynTrBapujaHTHe
JIOTUCTUYKE perpecuje, y Luby yTBphuUBara He3aBUCHMX Npe-
[UKTOPa HeMOBOJSbHOT MCXOAA.
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Pesynrtatu Of ykynHo 369 6onecHuka, 203 (55%) cy 6unu
MyLLUKapLy, @ MpoCceYHa CTapocT je 6una 62 + 16 roguHa. Heno-
BOJbaH VICXOA Jieyetba 3abenexeH je kop 138 (37,41%) 6onecHumKa:
27,37% je ympno; a 10,03% 6onecH1Ka NpemeLUTeHo je y jeauHu-
Lly MIHTEH3MBHOT Jleyetba. MpoceyHa ayxunHa xocnutanmsatuje
6uvina je 13 gaHa (IQR 7-15). BonecHMLM ca HEMOBO/BHIM MNCXO-
[OM UMarnm cy 3HauajHo Behe BpegHocT MEWS (3,68 + 1,965 vs.
4,57 £2,33,p<0,001), Huxm BE (-0,139 + 7,48 vs. -3,751 £ 6,159,
p <0,001), n BuwK naktaT (2,299 + 2,350 vs. 3,498 + 3,578,
p <0,001). MEWS = 4 (OR 1,90, CI 1,082-3,340, p = 0,026) ce u3-
[1BOj1O Ko jeyHV He3aBMNCHU NpeanKTop MopTanuTteTa. lMospLum-
Ha ncnog Kpuse (AUC) 3a MEWS y dyHKUMjv npeayKTopa MopTa-
nuteTa 6una je 0,633 (95% C10,569-0,697). Kopekuujom y ogHocy
Ha cTapocT 6onecHuka, AUC je 6una 0,76 (95% CI0,707-0,814).
3aksbyuak Pesyntaty ctyguje notBphyjy nporHoCTnyKy Bpea-
HocT MEWS 60a0BHOr cricTeMa Y OAHOCY Ha KOHayaH UCXog
neyetba 60NECHVKA jeAVHILIE NMONYUHTEH3UBHOT NleYetba.
KmyuHe peun: MEWS; nakTar; BE; ncxop
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SUMMARY

Introduction/Objective Diabetic nephropathy leading to end-stage renal disease is a major health
problem worldwide. Hemodialysis (HD) treatment is associated with glycemia variations. Diabetic patients
on HD might benefit from a non-invasive online glycemia monitoring system.

The aim of this study was to assess the glucose concentration from the matrix of the spent dialysate fluid
using near-infrared (NIR) spectroscopy.

Methods Blood samples and spent dialysate were collected in the 15th minute of the HD treatment from
15 patients. The spent dialysis fluid was characterized by a NIR spectrometer in the range of 900-1300
nm. In order to apply the artificial neural network (ANN) and train it, the MATLAB NFTOOL program was
used. The testing and training of the ANN were executed using the NIR spectrum of the spent dialysis
fluid as input, and the glucose concentration as output.

Results A significant correlation in excess of 93% between the NIR spectrum of the spent dialysate and
the blood glucose concentration (3-9 mmol/l) was found.

Conclusions NIR spectroscopy is a non-invasive and reliable method of glycemia monitoring which can
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be used in maintaining HD patients.

Keywords: hemodialysis; machine learning; spent dialysate; VIS-NIR; patient-specific

INTRODUCTION

Chronic kidney disease and diabetes mellitus
are public health problems that influence mil-
lions of people all over the world. The latest es-
timates from the International Diabetes Federa-
tion suggest that there were 415 million diabe-
tes mellitus patients in 2015 and that there will
be 642 million by 2040 [1]. Inadequate blood
glucose control is considered the major cause
of diabetic nephropathy and the progression of
renal insufficiency, eventually leading to end-
stage renal disease requiring renal replacement
treatments — either transplantation or dialysis.
The most-studied biological fluids of clinical
interest are blood, urine, and, recently, spent di-
alysate. The dialysis fluid is obtained by mixing
water for dialysis with an electrolyte concen-
trate in a dialysis machine. This machine guar-
antees the electrolytic composition, the pH,
temperature, and the flow rate of the dialysis
liquid. Heise et al. [2] gave a complete overview
of biological fluids that can be explored using
the near-infrared (NIR) spectroscopy. Eddy and
Arnold [3] have shown the possibility of glu-
cose detection using NIR spectroscopy.
Hemodialysis (HD) patients with diabetes
mellitus must undergo frequent controls of
glycemia. Standard monitoring methods are
uncomfortable, invasive, and painful. In addi-
tion, they only give the interstitial glucose level.

Furthermore, it has been shown that the blood
glucose levels vary during the HD treatment.
During the procedure, the glycemia tends to de-
crease, while it increases when the HD session
ends. Thus, at least for HD diabetic patients, a
non-invasive, painless, on-line glycemia moni-
toring would be beneficial as both hypo- and
hyperglycemia should be avoided [4].
However, on-line monitoring of suppressants
such as urea, creatinine or blood glucose is com-
plicated by the fact that blood is a highly satu-
rated fluid, prone to clotting [5, 6]. Monitoring
of the glucose in the spent dialysate makes the
system more flexible. An optical sensor, which
simply shines a beam of light through a fluid
that contains glucose and uses the principle that
the absorption pattern of near-infrared light can
be quantitatively related to the glucose concen-
tration may be a simple but effective solution.
Glycemic patterns are still hardly predict-
able, making it difficult to control blood glu-
cose levels without a risk of hypoglycemia. It is
important for clinicians to be aware that there
are limitations of specific point-of-care glu-
cose meters [7]. Different assays are used for
the quantification of glucose; one of the most
sophisticated methods is infrared spectroscopy.
Non-invasive methods for monitoring glu-
cose level based on infrared spectroscopy were
first invented during the 1990s [8]. Since then,
a wide range of techniques has been developed
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for the non-invasive observation of glucose based on
chemical, optical, and electrochemical techniques [9-12].
This development of non-invasive techniques was pre-
ceded by successful in vitro studies that were based on the
determination of glucose in aqueous solutions, or whole
blood by NIRS [13, 14, 15]. Studies were mainly based on
the effects of glucose on certain secondary processes. One
of the most famous examples is effect of glucose on the
scattering properties of tissue. However, propagation of
light through tissue is complicated by the heterogeneous
nature of the tissue matrix, thus creating a problem [13].
To the best of our knowledge, there is no published
work on automatic glucose level anomaly detection based
on characterization by ultraviolet-visible-near-infrared
spectroscopy (UV-VIS-NIR) of the spent dialysate.

METHODS

During the research, patients without diabetes were se-
lected because they have insignificant blood glucose fluc-
tuations. The goal was to detect even the smallest changes
in glucose concentration. It is expected that the machine
learning algorithm would detect greater changes in con-
centrations with greater accuracy. The maximum value
of glucose recorded during the research was 15.7 mmol/l,
which is outside the range of normal values in the blood,
while the minimum value was 3.9 mmol/l. The study in-
cluded 15 non-diabetic male patients with end-stage renal
disease on HD. All HD treatments were performed under
the standard protocol, including ultrafiltration rates pre-
scribed to remove the interdialytic weight gain. Dialysis
was performed using Dialog+ Adimea (B. Braun Avitum
AG, Melsungen, Germany) machines. The dialysate con-
tained Na* 138 mmol/L, CI' 110.5 mmol/l, K* 2 mmol/l,
Ca** 1.75 mmol/l or 1.5 mmol/l, Mg** 1 mmol/l,
CH,COO" 3 mmol/l, HCO, 32 mmol/l, glucose 1 g/l. The
mean dialysate flow was 500 ml/minute, and mean effec-
tive blood flow was 300 ml/minute. All the patients were
dialyzed via arterio-venous fistulas using a two-needle
system. The Ethics Committee of the Dr Dragisa Misovi¢
- Dedinje University Hospital Center, where the study was
performed, reviewed the study protocols and all patients
provided an informed consent before participating.

Sample collection

Samples of spent dialysate were collected directly from
the dialyzer outlet, 15 minutes after the beginning of the
dialysis procedure. At the same time, blood samples were
taken from the arterial blood line, before entering the di-
alysis circuit. For each sample, 15 ml of spent dialysate
solution was collected into a container and stored at room
temperature for approximately three hours before being
transported to the research laboratory.

Sample analysis

Blood glucose was measured using the Dimension RxL
Max (Siemens Healthcare GmbH, Erlangen, Germany)
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machine. The assay is based on the hexokinase method.
VIS-NIR absorbance spectra of the samples were measured
the day after the HD treatment. The absorption spectrum
of each sample was measured three times. UV-VIS-NIR
optical absorption spectra have been registered using the
spectrometer Lambda 950 (Perkin Elmer, Waltham, MA,
USA). The wavelength region of interest was 900-1300 nm,
and the UV/VIS resolution was set to 2 nm. The instru-
ment was connected to a PC running the Windows 7 op-
erating system and was controlled by the Perkin Elmer
UV WIN LAB Explorer. Serum glucose was measured us-
ing the Dimension RxLMax (Siemens Healthcare GmbH)
machine. The assay is based on the hexokinase method.
Glucose level above 6 mmol/L was considered hypergly-
cemic [16].

Machine learning methods

Here, in order to form the artificial neural network (ANN)
and its training, the NFTOOL of MATLAB (The Math-
Works, Inc., Natick, MA, USA) program was used. The
neural network used for function fitting was a two-layer
feedforward network, with a sigmoid transfer function
in the hidden layer and a linear transfer function in the
output layer.

The test set data have no effect on the training process
and it provides an independent measure of network per-
formance during and after training. The training starts
with two and finishes with 1000 hidden neurons. The
hidden-layer neurons are increased when network is not
performing well. The optimum number of hidden layers
was determined to be four. Training multiple times gener-
ates different results due to different initialization of con-
nection weights and different initial condition.

The NIR spectrum of spent dialysis fluid is used as in-
puts and red blood parameters was taken as output. The
NIR spectrum of the spent dialysis fluid was used as the
input to the network, and the blood glucose concentration
as the output. In the network, Bayesian regularization func-
tion is used for network training.

RESULTS

The best results were achieved using four hidden neurons.
The Bayesian regularization algorithm was used for the
training of the network. With these settings, the input vec-
tors and target vectors were randomly divided into training
(207 samples) and test (90 samples) sets.

The following regression plot displays the network out-
puts with respect to targets for training and test sets. If
R? = 1, this indicates that there is an exact linear relation-
ship between outputs and targets. If R* is close to zero,
then there is no linear relationship between the outputs
and targets. The correlation coefficient (R-value) measures
the correlation between outputs and targets. The correla-
tion was considered excellent if R* was > 0.95, very good
if R* was > 0.9 and < 0.95, good if R* was > 0.6 and < 0.8,
and poor if R*> was < 0.6.
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Figure 2. Train—performance plot: the mean squared error of the train
and test data is shown against the training iteration number (epoch)

Figure 1. Regression plot between the near-infrared absorbance of
spent dialysate and the glucose concentration in the patient blood
during a hemodialysis session

Figure 1 shows the regression plot between the NIR-
absorbance of spent dialysate and the glucose concentration
in the patient blood during an HD session (wavelength
range 900-1300 nm, R* training = 0.96, R* test = 0.67,
R?all = 0.93, number of spectra used for training was
N = 270). The average glucose concentration in patients’
blood was 5.72 + 1.61 mmol/l. A good correlation of these
data with the glucose levels in the patients’ blood was con-
tirmed by the analysis of discrete blood samples taken from
arterial lines.

Figure 2 represents a plot of the train and test mean
squared errors (MSE) with epochs. The best train perfor-
mance was achieved at the epoch 1000, with the smallest
MSE of 0.1131. The best test parameters were achieved at
epoch 100. The equation relating the predicted and mea-
sured values is Output = 0.83 x Target + 1.

Figure 3 shows the distribution of the train and test
errors for the trained network.

DISCUSSION

The prevalence of diabetes mellitus complications can be
attenuated by adequate glycemic control pertinent to fre-
quent blood glucose monitoring. Unfortunately, most of the
available glucose measurement devices are invasive, making
the procedure, which has to be repeated several times per
day rather uncomfortable and painful. Besides this discom-
fort, diabetic patients on HD further undergo painful vein
punctures every few days for dialysis treatment. Further-
more, there is evidence that HD treatment is associated with
intradialytic hypoglycemia and postdialytic hyperglycemia
[17]. Therefore, these patients would greatly benefit from a
non-invasive intradialytic glucose monitoring.

NIR spectroscopy can be used as an alternative, non-
invasive method for clinical analyses. In this method, NIR
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Figure 3. Error plot: the distribution of the difference between the
training targets and network outputs for the training and test datasets

light is transmitted through or absorbed by the sample,
and the substance concentration is predicted by analysis
of the transmitted spectral information. Information about
complex substances can be obtained from a single NIR
spectrum [18]. Data obtained from the NIR spectrum of
the spent dialysate fluid can be used for on-line moni-
toring of blood glucose concentration. The principle that
the absorption pattern of NIR light can be quantitatively
related to the glucose concentration has been confirmed
in a number of previous studies [18-21].

Among all the available methods, the PLS regression
has been used most widely for the analysis of NIR spectral
data [18, 22]. The biggest problem with PLS methods is
that the spectrum property relationship is supposed to be
linear. However, this premise cannot be applied to systems
with strong intermolecular or intramolecular interactions.
If one measures the amount of glucose in a fluid that con-
tains other substituents, the Beer-Lambert law cannot be
applied because of interactions between components, an
incorrect distribution of fluid components, and a baseline
shift. All of these lead to a nonlinear system. This makes
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non-linear calibration methods necessary for building
robust calibration models since these methods have the
potential to model heavy intrinsic non-linearities that can
be found in natural multicomponent systems.

Machine learning has also been applied to non-invasive
glucose measurements in various ways. This technology
provides a way to improve the performance of a glucose
monitoring system, and is used in optical, chemical, elec-
trical, and microsensor techniques. The researchers have
combined machine learning to investigate glucose levels in
patients’ blood [23, 24]. Machine learning methods have
not only been applied in the tracking of glucose, but also
in predicting hypoglycemia [25, 26, 27].

Here, in order to apply the ANN and train it, the MAT-
LAB NFTOOL (The MathWorks, Inc.) program was used.

There are number of batch training algorithms that can
be used to train a network, like Levenberg—Marquardt
and Scaled Conjugate Gradient. In the network, Bayesian
regularization function is used. This function updates the
weight and bias values according to the Bayesian optimiza-
tion method. The network was adjusted in the direction of
reducing the error by iteration.

Further improvements in method precision might be
expected with additional wavelength ranges, and by in-
strument improvements that will reduce or cancel noise.

It should be noted that the presented methodology has
been shown to detect very subtle glucose variations in
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Mpahere KOHLEHTPaLMje ryKo3e y KpBu 60N1eCHMKA Ha XeMoAunjanusu
Kopuwherem 0TNagHOr Aujann3aTta u CNEKTPOCKONMje y NOAPYYjy CneKTpa

6auckom uHdpaypseHOM

BaneHTuHa MatoBwuh', JacHa TpbojeBuh-CraHkoBUh*?, bpaHucnasa JegpTuh', iuamnja Matuja’

'YHuBep3utet y beorpagy, MawuHckn dakyntet, beorpag, Cpbuja;
YHusep3utet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;

3KnuHnuko-60nHNYKM LeHTap ,Ap Oparnwa Muwosnh - Jeantbe’, KnuHuka 3a yponorujy, beorpag, Cp6uja

CAMXETAK

YBoa/Uum [injabeTecHa HepponaTuja BOAM Ka TPajHOM OLuTe-
hetby 6y6peXHOr TKMBA, AOK CaM XEMOAUjan3HM TPETMaH Mpo-
Y3pOKyje ocumnaumje y HUBoy rnykose y Kpsu. HenHBasusHu
MOHUWTOPWUHT FJ1yKO3€, KPpO3 CKeHupatbe OTNagHor Anjanvsara,
npy»no 61 3HayajHe NHdOPMaLvje 0 HUBOY IMYKO3€e Y KPBY
6onecHumKa.

Linb cTyanje je npeamkumja KOHLEHTpaLumje ryKo3e y KpBu
6051eCHMKA Ha XEMOAWjanun3y Kpo3 CMEKTPOCKONCKY KapaKTe-
pvi3auujy oTnagHor Avjanusata y noapyuyjy cnektpa 6nmckom
nHopavpseHom (NIR).

Mertopae Y30puu KpBM 1 OTNAAHOT fnjann3aTa y3MaHu Cy of,
15 6onecHuKa y 15. MUHYTY Xemopujanu3se. Y30puu otnagHor
Aunjanu3aTta ckeHupaHu cy y pernoHy NIR, Koju ce npocTMpao
0g 900 fo 1300 nm. [la 61 ce nprimeHUna BeLLTaYKa HEYPOHCKa
Mpexa, kopuwheHa je dyHKumja NFTOOL nporpamcKor nake-

DOI: https://doi.org/10.2298/SARH200215090M

Ta Matlab. icnutnBare 1 0byKa BeluTauke HeypOHCKe Mpee
n3BefdeHm cy kopuwherbem cnektpa NIR oTnagHe gunjanmsHe
TEYHOCT! Kao ynasa 1 KOHLEHTpaLuje ryKkose y anjanasoHy
3-9 mmol/l kao n3nasa.

PesynTatu Kopuctehu BeluTauky HeypoHCKY Mpexy, younnu
CMO 3HauyajHy Kopenauujy nsmehy cnektpa oTnagHor avjanu-
3aTa 1 KoHLeHTpauuje 3-9 mmol/l rnyko3e y KpBu 6onecHuKa.
3akmyuak Kopenauuja og 93% nmebhy cnektpa NIR otnagHor
Avjanusata 1 KOHLEeHTpaLmje riyKo3e nokasana je aa ce cre-
KTpockonuja NIR moxe cmaTtpaTyi HeMHBa3VBHOM METOLOM 3a
noy3naHo npahere HBOa riyKo3e y KpBU Kof 6onecHMKa Ha
Xemopnujanusu.

KmbyuHe peun: xemogmnjanmsa; MalMHCKO yyere; oTnagHu

Aujanusart; cnektpockonuja VIS-NIR; nHansmayanusoBaHu mo-
HUTOPVIHF
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SUMMARY

Introduction/Objective The purpose of this study was to determine if patient-related factors, such as
hospitalization length and preoperative use of walking aids, and geometrical factors, measured with
antero-posterior radiographs of hip, affect the risk of hip dislocation after total hip arthroplasty.
Methods A total of 36 of 433 (8.31%) patients with hip dislocation were identified in the institutional
registry during a two-year period. The data for patients with and without hip dislocation were matched
and compared.

Results Hip dislocation more often occurred in patients who had used walking aids before the opera-
tion compared to the ones who had not (p < 0.001). Also, a difference in the number of hip dislocations
was noticed between the patients who stayed longer in the hospital after THA (p < 0.001). The patients
with higher acetabular inclination angle (p < 0.005) and height of greater trochanter (p < 0.001) on ra-
diographs had been more prone to hip dislocation. In addition to this, the “safe-zone” was not identified
in our study (p > 0.005).

Conclusion Several factors which influence hip dislocation were identified in this study: patient char-
acteristics and radiograph characteristics. Both groups of factors require attention and monitoring in

future studies.

Keywords: hip dislocation; biomechanics; total hip arthroplasty, complications; “safe zone”

INTRODUCTION

Total hip arthroplasty (THA) is an effective,
common and costly operation [1]. It is considered
the most successful procedure in orthopedic
surgery since it relieves pain, increases mobil-
ity and quality of life, and provides a high level
of patient survival [2]. Despite the efficacy of
THA, hip dislocation (HD) represents a major
problem after THA [2, 3]. The annual rate of
HD after primary THA was reported to be
0.1-10%, while revision due to HD dislocation
was reported to represent 9-26% of all revisions
of primary THAs [3, 4, 5].

Multiple factors have been suggested to con-
tribute to HD [3, 6, 7]. Operation-specific risk
factors include the hospital volume, surgeon’s
experience, surgical approach, suboptimal po-
sitioning of the acetabular and femoral com-
ponent, soft-tissue imbalance, etc. [5, 7]. As
the procedure-specific factors, acetabular cup
diameter, femoral head diameter, femoral neck
length, head-to-cup ratio, procedure type, and
the use of a liner were analyzed [8]. Although
treatment outcome highly depends on the quality

of surgical reconstruction of anatomical and
biomechanical relations of the bone tissue [3],
HD was noticed to occur even in the absence
of procedure-specific mistakes. Thus, patient-
specific risk factors for HD, including advanced
age, high body mass index, comorbidities (es-
pecially psychiatric and neurologic diseases),
low physical activity level, preoperative use of
walking aids (PUWA), impaired compliance
(failure to comply to permitted activities after
surgery), and absence of exercise therapy, were
suggested as important [7, 9, 10, 11]. According
to the most recent studies, the length of stay
(LOS) after THA has been shortened [4, 7, 8].
Out of many different patients’ and providers’
characteristics that determine LOS, comorbid-
ity is the most documented one [12, 13]. It is
also known that early mobilization results in
the reduction of LOS and cost outcomes [14].

Despite the number of researches done, the
risk factors of HD are not yet fully understood
[1, 15]. Recent studies examine the influence
of factors such as alcohol consumption, some
diseases, and postoperative activity restrictions,
but also the existence of the safe zone for cup
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position in HD occurrence [6]. The main limitation of the
majority of published studies are the following: a small
number of risk factors were analyzed, they failed to report
the data on functional abilities of patients before and after
the surgery, did not provide a description of procedures
used in physical rehabilitation, did not perform long-term
follow up of patients, etc.

The main aim of our study was to assess the link be-
tween patient-related factors and hip geometry related to
the incidence of HD after THA.

METHODS
Patients

This clinical monocentric study was performed by prospec-
tively gathering data on 433 patients that were subjected
to THA between January 2016 and December 2017. Some
patients were surgically operated due to nontraumatic
indications, while others needed urgent surgery due to
traumatic indications. Oral and written informed consent
was obtained from all patients. The study was done in ac-
cordance with the institutional committee on ethics.

By analyzing hospital records, we identified 36 patients
who experienced HD after THA. HD was identified as an
episode that required closed or open reduction of a THA
prosthesis. In cases of multiple HD, only the first occur-
rence was evaluated. Since radiographs of two HD patients
were not adequate for analysis (there was no visible lesser
trochanter and iliac crest), these two HD patients were
excluded from the analysis, which resulted in a total of 34
HD patients. The control group consisted of 34 patients,
operated on during the same period and under the same
conditions, who did not experience HD after THA. The
controls were matched to HD patients, using basic patient
characteristics: age at the time of primary THA (+ 3 years),
sex, etiology responsible for THA (traumatology/non-
traumatology), type of prosthesis (exact), comorbidities
(Charlson Comorbidity Score), and physical activity level
before the operation. The exclusion criteria were evidence
of infections, malignant disease, instability, THA revision,
other major joint arthroplasty or orthopedic surgery on the
lower extremity one year before THA. Patients included in
the study were followed-up for six months.

Surgical protocol

The patients were operated on by 13 surgeons, 10 of whom
had 5-25 years of experience, and three of whom less than
five years of experience. All the patients were operated on
according to the protocol of the Clinical Center, which re-
quires the surgery to be done under general anesthesia and
posterior approach, without reconstruction of the external
rotators. Out of 433 patients a total of 100 patients received
cement type of prosthesis (patients older than 65); cement
type prosthesis was received by seven HD patients and
nine controls. Patients younger than 65 received a nonce-
ment (total n = 240, 17 HD patients, and 17 controls) and

‘ DOI: https://doi.org/10.2298/SARH190927051Z
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hybrid (total n = 93, 10 HD patients, and eight controls)
type of prosthesis. The choice of prosthesis components
and prosthesis size were at the discretion of the attending
surgeon. Different designs (Implancast, DePuy, Zimmer,
Stryker, Zimmer/Biomet) of cup/stem and femoral head
sizes (28 or 32 mm) were used. The bearing surface for
all prostheses was polyethylene on metal. In patients with
a noncement and hybrid type of prosthesis, a head-on-
polyethylene liner was used.

Postoperative protocol

During hospitalization, all the patients had physical therapy
according to the standard protocol. The patients were
verticalized immediately after the intervention, walked
on crutches, with or without load-bearing on the leg that
was operated on, depending on the type of THA and the
surgeon’s opinion. Physiotherapy took place daily, except
on weekends. General postoperative restrictions for the
first three months were used.

Patient and implant characteristics

Baseline patients’ data included age at the time of primary
THA, sex, THA side, comorbidities, physical activity level,
and etiology (diagnosis responsible for THA). We used the
Charlson index by defining the 19 comorbid conditions [16].
In addition to the Charlson score, individual comorbidities
were included for separate analysis, consisting of diabetes
mellitus, rheumatoid arthritis, peripheral vascular disease,
neurologic disease, pharmacologically treated psychiatric
disease and consummation of more than two units of
alcohol daily. Physical activity level, according to Devane
et al. [17], was quantified as the level 0-5.

Pre/postoperative data included analysis of mechanisms
and time of dislocation, PUWA, LOS in hospital after sur-
gery, and implementation of exercise therapy before and
after THA. The patients were asked about any trauma or
motions that led to the HD, if event represented the first or
recurrent dislocation, how long ago the primary THA was
performed, and whether they were subjected to physical
and exercise therapy.

Operative notes were used to identify the operative
side, surgeon, implant type, cup size, and femoral implant
diameter.

Measurement of radiographic variables was performed
using standard anteroposterior radiographs made imme-
diately after THA. Measurements were performed by two
independent authors, twice for each radiograph. The mean
value of the four measurements was used for analysis. The
reconstruction of the hip rotation center was performed by
drawing a circle around the femoral head. Kéhler line was
drawn along the medial aspect of the ilium and ischium.
First, a line through the base of the acetabular teardrop was
drawn (Line 1). Then, a Kohler line was drawn from the
lateral border of the sciatic notch to the medial border of
the obturator foramen. Finally, a line was drawn through
the center of the femoral head to the iliac crest (Line 2).
The acetabular teardrop was used, as a reference since it
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Table 1. Basic patient data

Figure 1. Representation of radiographic measurement parameters;
Line 1 - horizontal; Line 2 - for Al determination; Line 3 — Kéhler line;
Al — acetabular inclination; HGT - height of greater trochanter; V -
vertical offset; H — horizontal offset

represents an accurate method to measure distances [12,
15]. The lateral lip of teardrop indicates the exterior ac-
etabular wall. Cup position was assessed according to the
acetabular abduction angle (the angle between Line 1 and
Line 2), vertical offset and the horizontal offset. Vertical
offset was measured from the center of the femoral head
to Line 1. The horizontal offset was measured from the
center of the femoral head to the Kohler line (normal). The
radiographic reconstruction of the abductor mechanism
was measured using the height of the greater trochanter
(HGT) as the distance between the Line 1 and the parallel
line crossing the tip of the greater trochanter (Figure 1).

Statistics

The study data were analyzed by descriptive statistics
and presented in tables. The mean value was used as a
measure of central tendency and standard deviation as
a measure of dispersion for continuous variables. The
values of categorical variables were presented as rates or
percentages. The normality of data distribution was tested
by the Kolmogorov—-Smirnov test. A x* test was used to
assess the difference in the distribution of categorical data
between the HD group and the control group. Student’s
t-test or Mann—Whitney test was used to assess differences
in mean values of interval data. Statistical analysis was
performed in SPSS Statistics, Version 20.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

Out of 433 patients, 36 patients experienced HD, representing
arate of 8.31%. Thirty-three HD patients were stable after
non-operative treatment, while three HD patients needed
arevision. Out of 36 HD patients, two were excluded from
the analysis, due to technical problems with radiographs.

HD patients and control patients did not significantly
differ regarding their age, side that was operated on, THA
etiology, Charlson comorbidity score, neither were individual
comorbidities more frequent in HD patients. Also, physi-
cal activity levels were similar in HD and control patients.
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Parameter HD patients rfz?t?;gz!s p
Age (X £ SD) 66.05+10.22 | 64.79+9.85 | p > 0.05°
Sex (n)
Male 10 10
p > 0.05°
Female 24 24
THA side (n)
Left 13 16
- p > 0.05°
Right 21 18
THA etiology
Primary OA 17 20
Congenital hip disorder 2
Rheumatologic disorders 1
Trauma 12 8 p >0.05°
Avascular necrosis 1
Metabolic bone disorders 1
Other 0 1
Charlson comorbidity score
0 1 3
1 1 2
2 4 6
3 7 9
4 7 7 p > 0.05°
5 5 2
6 3 3
7 4 1
8 2 1
Individual comorbidities (n)
Neurological diseases 2 1
Diabetes mellitus 3 4
Psychiatric diseases 6 1
- p > 0.05°
Vascular diseases 3 1
Rheumatoid arthritis 0 2
Alcohol consumption 1 0
Physical activity level
0 0
1 0 0
2 6 7
p > 0.05°
3 16 13
4 11 11
5 1 3

THA - total hip arthroplasty; HD - hip dislocation;
2Mann-Whitney test;
bx? test

There was no statistically significant difference in the
occurrence of HD after THA if the patient was operated on
by the surgeon with less or more experience (p > 0.05, x*
test). There was a similar number of patients receiving pre/
postoperative rehabilitation treatment in both groups, but
PUWA was more frequently used in HD patients compared
to control patients. HD patients also spent significantly
more time in hospital after THA. Time of dislocation in
the HD group ranged 3-3300 days after THA (median
282.50), and the most frequent mechanism was inappro-
priate movement. Late dislocations (> 90 days after THA)
were more frequent than the early ones.

HD patients and control patients did not significantly
differ in acetabular shell size, cup anteversion angle, the
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Table 2. Pre/post total hip arthroplasty-related data.

Parameter HD patients g:t?;:\(:ls p
PUWA (n)
Yes 19 4
p <0.001°
No 15 30
LOS (days) 11.00+2.71 | 8.82+1.66 | p <0.001°
Rehabilitation (n)
Preoperative (Yes/No) 17/17 14/20
Early postoperative (Yes/No) 34/0 34/0 p > 0.05°
Post THA (Yes/No) 11/23 14/20
HD mechanism
Falls 5
Inappropriate movement 11
Slttm,g 3 / p < 0.001°
Bending 5
Squatting 1
Unknown 9
Time of dislocation (n)
Early/Late | 14/20 / p < 0.001°

THA - total hip arthroplasty; HD - hip dislocation; PUWA - preoperative use of

walking aids; LOS - length of stay;

2Mann-Whitney test;
bx? test

Table 3. Implant and radiographic data

. Control
Parameter HD patients patients p
Acetabular shell size (mm) | 51.08 £ 13.90 | 53.61 £ 3.77 | p > 0.05*
Femoral head size (mm)
28 mm 18 13
p > 0.05°

32mm 16 21
Acetabularindlination |\ o5, 657 | 4518 +2.98 | p<0.05¢
(degrees)
Horizontal offset(mm) 31.00+4.85 | 29.22+3.07 | p>0.05*
Vertical offset (mm) 2250+ 6.11 | 23.06 £5.69 | p>0.05*
Height of greater 227+288 | 046+130 | p<001®
trochanter (mm)
Cup position
Inside safe zone? 3 2

- p > 0.05°
Outside safe zone? 21 32
Abductor mechanism
Inside safe zone? 2 1

: p > 0.05°
Qutside safe zone® 32 33

HD - hip dislocation;
2Mann-Whitney test;
b2 test;

<Student’s t-test;

dsafe zone defined as 40 + 10 abduction, 15 + 10 anteversion for cup for

abductor mechanism

horizontal and vertical offset of a cup, nor the frequency
of different femoral head sizes, cup position zone, and
abductor mechanism zone. However, HD patients had
significantly higher acetabular inclination angle and height
of greater trochanter when compared to control patients.

DISCUSSION
HD remains the major complication after THA. While
multiple reasons may be contributing factors leading to

dislocation, precise identification of the exact reason is of

‘ DOI: https://doi.org/10.2298/SARH190927051Z
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Figure 2. Time of occurrence of hip dislocation

major importance. As with any multifactorial problem,
the prediction of postoperative outcomes is difficult. The
results of our study have shown that LOS, PUWA and
acetabular inclination and HGT are associated with the
occurrence of HD.

Understanding the factors associated with the occur-
rence of HD can help plan the operation, preventing the
occurrence of HD and reducing treatment costs [3, 4, 10, 18,
19]. Since the Republic of Serbia does not have a national
register of patients with THA, we used systematically col-
lected data from our medical center.

In most of the previous studies, it was shown that many
factors are associated with HD, but these studies predomi-
nantly investigated surgical factors, which were not in the
focus of our research [18]. In our medical center, all surgeons
use a posterior approach, the same type of prosthesis, and
the same operating technique.

The main purpose of this study was to assess the patient-
related factors and radiological factors on HD occurrence
after THA.

HD is a significant problem in clinical practice [3, 4,
19]. Restoration of the native anatomy plays a crucial role
in preventing instability [6]. Malposition of the acetabular
component is associated with the occurrence of many
complications, not only HD [20]. Some authors still accept
some kind of “safe zone” for prosthesis placement [1, 4, 10],
while others question whether it exists [6, 15].

Cup position with an inclination/abduction of 40° + 10°
and an anteversion of 10-20°, the so-called “safe zone”
to avoid HD, is internationally considered desirable and
used in clinical practice. However, experience showed that
components positioned in this zone can and do dislocate
[4]. This was confirmed by HD occurrence even after the
use of computer-assisted surgery during THA [20]. As
mentioned before, some authors argue that the “safe zone”
does not exist or that it is different for each patient [6, 12].
Also, some authors claim that the “safe zone” depends on
the operative approach or some other factor [20].

Hip geometrical parameters have been suggested as
important factors in the evaluation of the risk of HD [3,
4,10, 19]. Our results show that patients who experienced
HD had the higher acetabular inclination and lower height
of greater trochanter. Previous studies have shown that the
height of the great trochanter depends on the soft tissue
reparation and thigh muscle strength [1, 20]. Also, cup
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position was not significantly different between study
groups, which aligned with findings of Esposito et al. [6].
This indicates that muscle strength is of great importance
in the prevention of HD [14].

There is no consensus in literature data about optimal
acetabular orientation since different referent systems, sur-
gical techniques, and measurement techniques were used.
The malposition of the acetabulum can lead to numerous
complications among which is HD. This is explained by
bigger bearing surface and instability [20].

The number of all observed HDs (n = 34, 8.31%) in
our study is on the upper limit described in the literature
(0.3-10%) [1, 3, 4]. If we follow only operatively treated
HDs (three patients) frequency would be 0.69%. There are
several factors such as the posterior operative approach,
middle hospital volume, lack of surgeon experience, which
could explain this high incidence of HD [4, 13]. Also, we
included a wide range of patients in our study, even the
patients with an increased risk for HD - older patients
with cement prosthesis, posttraumatic THA, psychiatric
patients, and patients with neuromuscular impairment.
Older age is associated with a lack of coordination, senses
and muscle weakness, comorbidity, poor compliance, and
preference to falling. Abovementioned characteristics of
older patients increase the risk of HD.

Data that come from national registers or multicentric
studies took patients with “ideal” characteristics such as
large femoral head, non-cement prosthesis, and numerous
exclusion criteria [3, 19]. The advantage of our study was
that we did not have a loss of patients because each patient
treated in our hospital was adequately followed as there is
no other hospital where HD could be treated.

Another potential risk factor for HD is the so-called early
mobilization regimen of physical therapy [21]. Every patient
in our medical center is subsided to early mobilization, so
we were not able to evaluate it as a risk factor.

Surgeon experience and volume were not identified as
significant factors for the occurrence of HD. All surgeons
in our medical center had low patient volume.

Previous research showed that physiotherapy after THA
enhanced postoperative recovery by promoting faster re-
habilitation and improving functional outcomes [11, 21,
22]. It is argued that even though intensity and frequency
of the ideal rehabilitation protocol are unknown, early
multidisciplinary rehabilitation improves outcomes [11].
However, our results did not show that physiotherapy is a
protective factor. The reason could be that physiotherapy is
mandatory in our medical center for all patients after THA.
Also, the number of patients included in our study could
be insufficient to show the significance of physiotherapy.

The number of patients who suffered from HD is 14 in
the first 90 days of surgery, and 20 patients after 90 days.
Similar results were obtained in the study of Kunutsor et
al. [3] where half of all HDs occurred in the first three
months postoperatively.

LOS is an important component of the recovery and
indicator of the overall cost after THA. Since the implemen-
tation of fast track surgery, there is a tendency to reduce
the LOS in hospital to reduce costs, reduce the number and
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seriousness of complications, and increase the number of
available hospital beds [13]. Every hospitalization longer
than four days or 10 days is considered prolonged hospi-
talization [9, 22]. Shorter LOS is associated with better
motivation and satisfaction of patients during recovery [9].

Some factors associated with longer LOS (age, sex, co-
morbidity, economic status, PUWA) are better documented
than others (surgeon volume, infections, general anesthesia).
High-quality studies should provide more evidence for the
relationship between LOS and mentioned factors [21, 22].

Jorgensen et al. [7] showed that longer LOS could in-
crease the risk of complications but not the risk of HD.
On the other hand, shorter LOS does not mean more HDs
[9], which is contradictory with findings of Mauerhan et
al. [23]. In our study, LOS was 6-14 days, which is in line
with other studies where a conventional surgical track
regimen was used. Different treatment concept assumes a
postoperative early mobilization program. Larger value of
BMI is associated with longer LOS and increasing costs [24].

We showed that HD patients spent more time in hospi-
tal after THA and more frequently needed PUWA, which
reflects their lower pre/post physical capabilities.

PUWA is associated with the occurrence of medical
and non-medical complications [25]. PUWA is a sign of
loss of hip muscle strength and in most cases is associated
with older age and/or comorbidity [11]. Age over 70 years,
female sex, depression, and BMI over 35 are highly associ-
ated with PUWA [22]. More research is needed to examine
the impact of specific comorbidities on PUWA [25].

Results of our study showed that PUWA is a risk factor
for HD which is aligned with the results of the study by
Jorgensen et al. [25]. The impact of PUWA must be ad-
ditionally confirmed in new studies.

There are several limitations to our study. The most
significant one is that we investigated a three-dimensional
problem by using two-dimensional X-ray images for mea-
suring acetabular inclination. However, femoral antever-
sion was not measured. Also, we did not have access to the
software made for the use of measuring these parameters.
All investigated parameters were measured manually.
The number of patients included in our study is relatively
small and the follow-up period is short, compared to other
studies. Limitations of our study also include loss of some
radiographic data, the lack of detailed registration of patient
compliance to restrictions and missing clinical informa-
tion including the loss of BMI data, absence of detailed
functional results of the THA according to a clinical scale.

CONSLUSION

HD is a serious complication that may be attributed to the
multiple factors. Having in mind results presented in this
study, we suggest implementation of PUWA, LOS, and
hip geometry monitoring in addition to other well-known
risk factors.

Conflict of interest: None declared.
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Auncnokaumja nocne yrpagte NpumapHe yHUnaTepaaHe ToTajsHe eHA0NpoTe3e Kyka
- reomeTpuja KyKa u GakTopm pusuKa (ynapeHa KoxopTHa cTyauja)

Tatba 3eueuh-Jlykosuh', KpuctuHa MnageHosuh?, Hukona Koctuh? Hena hoHosuh?, bojaH Munerkosuh*, Pawa MnageHosuh?
'YHuep3utet y KparyjesLy, OakynTeT MEAULIMHCKNX HayKa, KaTeapa 3a dpuavkanHy meguumHy 1 pexabunutauujy, Kparyjesau, Cpbuja;
2YHusep3auTeT y KparyjesLy, GakynTeT MeanUmMHCKMX HayKa, Kparyjesal, Cpbuja;

3YHuBep3uTeT y KparyjesLy, GakynTteT MeanLMHCKNX Hayka, KaTefpa 3a xurnjeHy 1 ekonorujy, Kparyjesaw, Cpbuja;

“KnuHunukm LenTap Kparyjesau, KnuHuka 3a optoneacky xvpyprujy u Tpaymatonorujy, Kparyjesaw, Cpbuja;

YHuBep3uTeT y MpuwtnHm - Kocoscka MutpoBuua, MeanumHckn dakyntet, Cpbuja

CAXETAK

Yeopa/Uwnmb Linsb nctpaxmsara je a yTBpAn Ha KOjU HaumH
baKTOpK Kao LWITO Cy Ay>KMHA NOCTOMNepaTUBHE XOCNUTaNM-
3aumje, ynoTpeba nomararna 3a xofare npe onepayuje Kao u
reomeTpujcku GakTopu Koju Cy MepeHn Ha aHTepo-nocTepu-
OPHOM paarorpadpCKoM CHMKY YTUUY Ha PU3VK Of HacTaHKa
JucnoKaumje Kyka nocse TotanHe eHaonpoTese Kyka.
MeTope Kopuwherem NHCTUTYLMOHANHOT PerncTpa TOKOM
[BOTOANLLHET Meprofa NAeHTUOUKOBAHO je 36 6onecHNKa
(8,31%) ca AncnoKaLmjom KyKa, of yKynHo 433 6onecHuKa ca
TOTa/IHOM EHAOMPOTE30M KyKa.

Pesyntatu [lo6ujeHy nogaun 6onecHuKa ca ANCIOKaLMjoM 1
6e3 guckonauuje cy ynopehrBaHu 1 aHanusupanu. incnoka-
umja Kyka 6una je vewwha kop 6onecHnKa Koju cy npe onepavmje
KOPUCTUAY MOMarasna 3a KpeTakbe Yy OfHOCY Ha OHe KOjy HUCY
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(p < 0,001). 3HauajHa pa3nuKa je perucTpoBaHa Kog bonecHKa
KOA KOjuiX je xocnuTanm3aumja nocne onepaumje Tpajana gy»e
(p < 0,001). BonecHuum ca Behrm yrnom MHKNIMHaLMje aLeTa-
6ynyma (p < 0,005) 1 BULLIM BENMKIM TpOXaHTepom (p < 0,001)
Ha paguorpadcKm cHUMUMMa Cy Yelwhie MManu guciokauujy.
Mopep Tora, ,cMrypHa 30Ha" y Halloj CTYAWjW Huje NBeHTU K-
KOBaHa.

3aKsbyuaK Y 0BOM UCTPaxuBakby MHAEHTUGMKOBHY Cy baKTopu
KOju Cy y BE31 Ca ANCI0KaLMjOM KyKa Kao LUTO Cy Ay»K1Ha NOCTO-
nepaTvBHe XocnuTanu3aumje 1 ynotpeba nomarana 3a xogarbe
npe onepauuje. Takohe, naeHTUUKOBaHM Cy U paguorpadckm
bakTopw, Koju 3acnyKyjy Aarby Naxkky U npahetbe y 6yayhum
UCTpaXxmBammnma

KmbyuHe peun: gucnokauuja Kyka; 6romexaHuKka; TotanHa ap-
TponnacTrka Kyka, KoMnankauuje; ,curypHa 3oHa”
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Is radiofrequency use in arthroscopic treatment of
isolated medial meniscus horizontal cleavage tears
more effective than mechanical debridement in
young adults?

Ozgiir Korkmaz'?, Ugur Onur Kasman?, Giiltekin Sitki Cecen'?

'Bahcesehir University, Faculty of Medicine, Istanbul, Turkey;
2VM Medicalpark Pendik Hospital, Department of Orthopedy and Traumatology, Istanbul, Turkey

SUMMARY

Introduction/Objective Arthroscopic mechanical hand tools, motorized shavers, and bipolar radiofre-
quency are used in arthroscopic partial meniscectomy.

The aim of this study is to evaluate efficacy of radiofrequency on early clinical outcomes in patients who
underwent arthroscopic partial meniscectomy with horizontal cleavage tear and without additional
intraarticular knee pathology.

Methods A total of 37 patients complied with the study criteria. Patients were divided into two groups
according to usage of bipolar radiofrequency. Patients were evaluated by using visual analog scale (VAS)
and Tegner Lysholm knee scores at the end of the first year follow-up.

Results Twenty-two patients comprised the shaver-using group. Preoperative mean VAS score was
7.9 + 0.8, and the Tegner Lysholm knee score was 49.6 + 9.6. Fifteen patients comprised the bipolar
radiofrequency-using group. Preoperative VAS score was 7.8 + 0.9, and the Tegner Lysholm knee score was
52.2+10.7.The mean VAS score was 1.2 + 0.9, and the mean Tegner Lysholm knee score was 89.5 + 8.1 in
shaver used group at last follow-up. At the last postoperative follow-up, the mean VAS score was 1.1+ 1,
and the Tegner Lysholm knee score was 88.8 + 7.3 in the bipolar radiofrequency-using group. No statisti-
cally significant differences between the VAS and Tegner Lysholm knee scores of the preoperative and
postoperative controls of the two groups were observed (p>0.05).

Conclusion Radiofrequency use has no effect on early clinical outcomes in the arthroscopic treatment
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of isolated medial meniscus posterior horn horizontal cleavage tears; we do not recommend its use.
Keywords: radiofrequency; horizontal cleavage tear; meniscus

INTRODUCTION

Horizontal cleavage tears in young people
were first described in 1993 by Biedert et al.
[1]. Horizontal cleavage tears have a traumatic
or non-traumatic etiology during degeneration
caused by disruption of the load distribution in
the knee joint. Horizontal cleavage tears extend
to the inferior surface of the meniscus [2].

Degenerative meniscus tears usually involve
horizontal cleavage tears and are more com-
mon in middle-aged patients. The prevalence of
horizontal cleavage tears increases with age [3].
A mechanical relationship between meniscus
degeneration and knee osteoarthritis is believed
to exist, but no consensus on the relationship
between the structures of the cartilage and me-
niscus and the sequence of degeneration is yet
available. Conservative treatments, arthroscopic
meniscus sutures, and arthroscopic partial men-
iscectomy are performed in the treatment of
horizontal cleavage tears [4].

Arthroscopic mechanical hand tools, motor-
ized shavers, and bipolar radiofrequency are
used in arthroscopic partial meniscectomy. The
use of radiofrequency can cause cell death due
to thermal effects on cartilage tissue. Allen et

al. [5] found that cell death rates do not differ
between debridement with punch and mechani-
cal shaving and meniscus debridement using
bipolar radiofrequency. The authors thus stated
that bipolar radiofrequency does not damage
the cartilage of joint surfaces and provides a
smooth contour on the meniscus surface [5].

The aim of this study is to evaluate retrospec-
tively the efficacy of radiofrequency on early
clinical outcomes in patients who underwent
arthroscopic partial meniscectomy with hori-
zontal cleavage tear and without additional intra
articular knee pathology.

METHODS

This retrospective study was approved by the
ethics board of Bahgesehir University, Faculty
of Medicine, (No. 2019-18/01) and conducted
in accordance with the Declaration of Helsinki.
Informed written consent was obtained from all
patients included in the study.

A total of 218 patients who underwent knee
arthroscopy in our clinic in 2018 were evalu-
ated retrospectively in our study. The inclusion
criteria were ages 20-50, detection of tears in
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the posterior horn of the medial meniscus on preoperative
magnetic resonance imaging, and detection of only hori-
zontal cleavage tears in the posterior horn of the medial
meniscus without any other intraarticular knee pathology
during arthroscopy. Patients with visual analog scale (VAS)
and Tegner Lysholm knee scores in their preoperative and
postoperative follow-up files were included in the study.
Patients who were under 20 and over 50 years of age, with
inflammatory arthropathy, who had cartilage problems in
the medial, lateral, or patellar femoral joints, who had lateral
meniscus tear or anterior cruciate ligament injuries in addi-
tion to the horizontal cleavage tear in the medial meniscus,
and those with trauma history were excluded from the study.

Surgical technique

Prophylaxis of the patients before surgery was performed
with 1 g of cefazolin sodium. A tourniquet was applied
to the extremity under general or spinal anesthesia. An
anterolateral portal was created in all surgeries, and an an-
teromedial portal was created after diagnostic arthroscopy.
First, the patellofemoral joint, lateral, and medial gutters
were evaluated. The medial compartment medial meniscus,
anterior cruciate ligament, lateral compartment, and lateral
meniscus were then evaluated. Partial meniscectomy using
appropriate angled punches was performed for patients
who had horizontal cleavage tears in the posterior horn
of the medial meniscus. During partial meniscectomy, the
upper and lower flaps were excised by preserving the outer
50% of the meniscus. Meniscus contours were smoothed by
using a shaver in some patients and bipolar radiofrequency
in some patients. After the tourniquet was deflated, the
portals were closed.

Postoperative follow-up and patient data collection

All patients underwent a postoperative physical thera-
py program and were evaluated using VAS and Tegner
Lysholm knee scores at the end of the first year of follow-
up [6]. The surgical and follow-up files of patients who
underwent arthroscopy with a follow-up period of over
one year were evaluated retrospectively. A total of 37 pa-
tients complied with the study criteria. When the patients’
operations were evaluated, we determined that bipolar ra-
diofrequency was not used during the arthroscopic partial
meniscectomy of 22 patients. Bipolar radiofrequency was
used during the arthroscopic partial meniscectomy of 15
patients. Patients were divided into two groups according
to bipolar radiofrequency use.

Statistical analysis

The suitability of the data to a normal distribution was tested.
Because the data were not normally distributed, pre- and
postoperative VAS and Tegner Lysholm knee scores were an-
alyzed by using the Wilcoxon test, which is a non-parametric
version of the paired t-test. Differences in VAS and Tegner
Lysholm knee scores between the bipolar radiofrequency-
using and -non-using groups were also evaluated by the
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Mann-Whitney U test. A p value of < 0.05 was considered
statistically significant at the 95% confidence interval.

RESULTS

Of the 37 patients who met the study criteria, 25 were male
and 12 were female. The mean age of the patients was 38.6 +
5.1 years. Patients included in our study mostly consisted of
heavy workers. The lifestyle in Turkey was the main reason
for younger average age for horizontal cleavage tears. Of
the 22 patients without bipolar radiofrequency use dur-
ing arthroscopic partial meniscectomy, 16 were male and
six were female. The mean follow-up period was 13 + 2.1
months in this group. The preoperative mean VAS score was
7.9 £ 0.8, and the Tegner Lysholm knee score was 49.6 + 9.6.
Ten of the 15 patients in the bipolar radiofrequency-using
group were male; the rest were female. The mean follow-up
period was 12 + 9.4 months. In this group, the preopera-
tive VAS score was 7.8 + 0.9, and the Tegner Lysholm knee
score was 52.2 + 10.7. The mean VAS score was 1.2 + 0.9,
and the mean Tegner Lysholm knee score was 89.5 + 8.1
in group which radiofrequency was not used at the last
follow-up. At the last postoperative follow-up, the mean VAS
score was 1.1 * 1, and the Tegner Lysholm knee score was
88.8 £ 7.3 in the bipolar radiofrequency-using group (Table
1). Statistically significant differences in the VAS and Tegner
Lysholm knee scores of the preoperative and postoperative
final controls of both groups (p < 0.05) were observed. No
statistically significant differences in the VAS and Tegner
Lysholm knee scores of the preoperative and postoperative
controls of the two groups (p 2 0.05) were found.

Table 1. Preoperative and postoperative clinical scores of groups

Time Group with Group with
shaver radiofrequency
Pre-op VAS score 79+038 78+0.9
Post-op VAS score 1.2+09 1.1+1
Pre-op Tegner Lysholm scores 496+ 9.6 52.2+10.7
Post-op Tegner Lysholm scores 89.5+38.1 88.8+7.3

VAS - visual analogue scale

DISCUSSION

Complex meniscal tears and cartilage defects are common
among patients with early and advanced knee osteoar-
thritis. Pain and restriction of range of motion are also
higher in this group of patients than in groups without
knee osteoarthritis [7]. Major meniscus problems are more
common in patients who need knee replacement than in
those who do not need knee replacement [8, 9]. In par-
ticular, knees with macerations in the meniscus body and
posteromedial horn are more in need of knee arthroplasty
than control knees [8]. Antony et al. [10] found that the
meniscal changes, such as meniscus maceration and menis-
cus extrusion, are more likely to cause structural changes
than meniscus signal increases and meniscus tears. The
authors hence determined that meniscal maceration has
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an effect on knee pain and knee osteoarthritis [10]. Hori-
zontal cleavage tears are meniscus tears extending from
the avascular zone to the vascular zone and considered de-
generative meniscus tears [11]. Previous studies suggested
that the earliest anatomic finding of knee osteoarthritis
is a degenerative tear of the medial meniscus posterior
horn. The aim of the present study is to exclude patients
with chondral lesions and compare the treatment results
of isolated medial meniscus horizontal cleavage tears by
using bipolar radiofrequency and shaver.

Although patients with traumatic meniscus tears were
not included in our study, Kim et al. [12] divided 40-year-
old patients with horizontal cleavage tears into two groups
according to the etiology of their meniscus tear as traumatic
or degenerative meniscus tears. IKDC scores increased
from 58.1 to 84.6 in the traumatic group and from 59.1 to
85.1 in the non-traumatic group. Lysholm scores increased
from 61.1 to 85.5 in the traumatic group and from 62.2 to
86.1 in the non-traumatic group. No statistically signifi-
cant difference was found between the two groups [12].
According to our results, a statistically significant increase
in Lysholm scores exists between the preoperative and
postoperative final controls.

Partial meniscectomy is recommended for the treatment
of degenerative horizontal cleavage tears because these tears
are located in the avascular region and, therefore, have low-
er healing potential compared with acute traumatic tears
[13]. Koh et al. [14] found a decrease in contact area and
increase in pressure on the medial compartment when they
removed the inferior portion of horizontal cleavage tears in
their study on cadaveric knees. The authors of that study
found no further reductions in contact area or increases
in pressure in medial femoral condyles with additional
excision of the superior part of the horizontal cleavage tear
[14]. Uquillas et al. [15] found that resection of the upper or
lower flap in horizontal cleavage tears or resection of both
flaps does not change the pressure on the contact surface.
The authors thus recommended the preservation of the
outer 50% of the medial meniscus in horizontal cleavage
tears in the posterior horn of the medial meniscus [15]. In
our study, we attempted to preserve 50% of the peripheral
portion of the meniscus of patients who underwent partial
meniscectomy, and we excised both flaps.

Another approach in the treatment of horizontal cleav-
age tears is meniscus repair. Arno et al. [16] found a 13%
increase in contact pressure and 6% decrease in contact area
as a result of horizontal cleavage tears in their cadaver study.
The authors thus stated that horizontal cleavage tears may
cause cartilage degeneration by causing few but statistically
significant changes in tibiofemoral contact mechanics [16].
Beamer et al. [17] conducted a study on cadaver knees and
determined that contact area and pressure on the contact
area are close to normal values after the repair of horizontal
cleavage tears with sutures. Moreover, the contact area
decreased and the pressure on the contact area increased
in knees treated with subtotal or partial menisectomy [17].
Billiéres et al. [18] performed partial meniscectomy and
open meniscus repair in 14 patients with degenerative
horizontal cleavage tear and found a mean International
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Knee Documentation Committee score of 86.1 + 10.9 after
8.5 years of follow-up. The authors also found the mean
Knee Injury and Osteoarthritis Outcome Scores of 91.4 +
7.5 for pain, 91.4 + 10.2 for symptoms, 97.1 + 4 for daily
activity, 84.4 + 20.7 for sports, and 84 + 14.2 for the quality
of life. The authors thus reported that repairing complex
horizontal cleavage tears in young patients yields good
subjective and objective results [18]. Despite these find-
ings, however, negative results of horizontal cleavage tears
after meniscus repair have been published. Biedert et al.
[4], for example, compared four groups, including those
conservatively treated, treated by meniscus suture, treated
by meniscus suture using fibrin glue, and treated by partial
meniscectomy. The scholars reported that the best short-
term clinical results are obtained in the group treated by
partial meniscectomy [4]. Shanmugaraj et al. [19] found
that repair of horizontal cleavage tears has a higher com-
plication rate than repair with partial meniscectomy. Since
a meniscus repair group was not present in our study, our
tindings are somewhat limited.

Spahn et al. [20] performed arthroscopic debridement
on patients with grade 3 chondropathy and degenerative
tears of the medial meniscus. Here, cartilage debridement
was performed by using radiofrequency in one group and
shaving in another group. The authors reported that the
clinical results of the radiofrequency group are better than
those of the shaver group after one year of follow-up [20].
Spahn et al. [21] reported that the results of debridement
with radiofrequency are better than those of mechanical
debridement after four years.

Figueroa et al. [22] investigated thermal effects on the
meniscus using bipolar radiofrequency and found cellular
changes in deeper tissues with bipolar radiofrequency in
elderly patients; the authors thus recommended that pre-
cautions be taken during the use of bipolar radiofrequency
in elderly patients during meniscectomy and advocated the
use of low intensities. Allen et al. [5] found no difference in
cell death rate between meniscal debridement with bipolar
radiofrequency and debridement with motorized shaver
and punches. It was concluded that radiofrequency does
not damage the joint surfaces under the meniscus.

Grana et al. [23] compared mechanical meniscectomy
with meniscectomy using radiofrequency and found that
cracks and clefts are formed on surfaces on which menis-
cectomy was performed mechanically; by comparison, the
surfaces of menisci subjected to meniscectomy with radio-
frequency were flatter and more homogeneous. The author
further found that meniscectomy with radiofrequency
offers more resistance than mechanical meniscectomy in
static tests [23].

Vangsness et al. [24] studied the effects of monopolar
and bipolar radiofrequency devices on tissue during men-
iscectomy. No difference was detected between the two
systems, and the use of radiofrequency factors, such as
geometric shape of the probe, was reported to have an effect
on the depth of thermal effect [24]. Studies showing the
advantages of radiofrequency use and a low risk of osteo-
necrosis after use have been published. However, according
to our findings, the results of partial meniscectomy using
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radiofrequency and partial meniscectomy using shaver
and punch are not significantly different.

CONCLUSION

We believe that radiofrequency use has no superior effect
than mechanical debridement with motorized shaver and
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[a nu je ynotpeba pagnodpeKBeHLMje y apTPOCKONCKOM iedery U30/10BaHOr
XOPU3OHTANIHOT pacuena MeaunjaNHoOr MeHUCKYCa AeN0TBOPHMja 04 MEXaHUYKOT
npunarohasarba Kog MAaaux ogpacamx ocoba?

O3ryp Kopkmas'?, Yryp Onyp Kacman?, Tyntekut Cutkn YeueH'2
'YHuBep3nTeT baxuewwexup, MeguumHckmn dakyntet, MictaHbyn, Typcka;

*BonHnua VM Medicalpark Pendik, Onererbe optoneauje u Tpaymatonoruje, VictaHbyn, Typcka

CAXETAK

Yeoa/Lnmb Y aenmmmyHoj apTpoCKOMNCKOj MEHUCKEKTOMWU)U
KopucTe Ce apTPOCKOMCKN MeXaHWUYK/ PyYHY anaTtu, MOTOpu-
30BaHU 6pujaun 1 bunonapHa pagmodpeKkBeHLmja.

Linrb oBe cTyamje je fa ce npoueHn epuKacHOCT pagrodpek-
BeHLMje Ha paHUM KIMHUYKUM NCXO[MMa Kof 6onecHKa Koju
Cy 6Unn NofBPrHy TV ENVMUYHO]j aPTPOCKOMNCKOj MEHVCKEKTO-
MWj1 Ca XOPW3OHTANIHUM pacLenom 1 6e3 fofaTHe MHTPaapTU-
KynapHe nartonoruje KoneHa.

MeTopae YKynHo 37 60necH1Ka UCMHIIIO je KpUTepujyme CTy-
Avje. bonecHuuw cy nogerbeHn y ABe rpyne npema Kopuwherby
6vinonapHe pagrodpekseHuyje. OLereHun cy nomohy Buyen-
He aHanorHe ckane (BAC) n ckopa Tegner Lysholm knee nocne
roavHy aaHa npahetba.

Pe3syntatu [1BageceT fBa 60necHUKa Cy KOpUCTMNa Lwejsep.
MpeonepatuBHu ckop BAC-a je 6uo 7,9 + 0,8, a ckop Tegner
Lysholm knee 49,6 + 9,6. [eTHaecT 6onecHyKa YMHWIO je bumno-

DOI: https://doi.org/10.2298/SARH200225076K

NapHy rpymny Koja KopucTu pagnodpekseHumjy. [peonepaTus-
Hu pe3ynTaT BAC-a 610 je 7,8 £ 0,9, a ckop Tegner Lysholm knee
52,2 £ 10,7. MpoceyaH ckop BAC-a je 6uo 1,2 £ 0,9, a cpearm
ckop Tegner Lysholm knee 89,5 + 8,1 y rpynu Koja je Kopuctuna
LejBep NPUAMKOM NOC/eAHE KOHTpose. TOKOM Moc/efHbe KOH-
Tpone cpepra BpeaHocT BAC-a 6una je 1,1+ 1, a ckop Tegner
Lysholm knee je 6uo 88,8 + 7,3 y rpynu Koja je kopuctuna 6u-
nonapHy pagrnodpekseHuujy. Hucy npumeheHe cratnctnuky
3HayvajHe pasnuke usmehy ckoposa BAC-a u Tegner Lysholm
knee npeonepaTnBHe 1 NOCTONEpPaTUBHE KOHTPOJE ABe rpyne
(p=0,05).

3akrmyuak Kopuwhetbe pagriodpekBeHumje Hema edekTa Ha
PaHN KIMHWYKM UCXOR Y apTPOCKOMNCKOM JleUeksy 130/10BaHOT
XOPW3OHTAJIHOT pacLiena MeaujanHor MeHNCKYCa; He Mpenopy-
uyjemo HeroBy yrnotpeoy.

KmbyuHe peun: pagnodppekBeHLMja; XOPM3OHTaNHM pacLen;
MEHVICKYC
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SUMMARY

Introduction/Objective In patients with primary open-angle glaucoma (POAG) we explored the rela-
tionship between the optic nerve head (ONH) topography parameters and the retinal nerve fiber layer
(RNFL) thickness with the central corneal thickness (CCT).

Methods This retrospective study included 97 patients (97 eyes) with primary open-angle glaucoma.
Patients were divided into a thin CCT < 540 um (45 eyes) and a thick CCT > 540 um (52 eyes) group, us-
ing ultrasonic pachymeter. Topographic measurements of the ONH parameters and RNFL thickness was
performed using optical coherence tomography (OCT). The outcomes were compared with the thin and
thick CCT and correlated with the thin CCT of the subjects.

Results There were significantly lower mean intraocular pressure (p < 0.0001) and CCT (p < 0.0001) in
patients with thin CCT compared to patients with thick CCT. Statistically significant differences of ONH
parameters were found in thin cornea group compared to thick cornea group in: cup/disc area ratio
(p < 0.03), vertical cup/disc ratio (p < 0.01) and rim volume (p < 0.01). Statistically significant differ-
ences of RNFL thickness were found in thin cornea group compared to thick cornea group in: average
(p < 0.001), superior (p < 0.03), inferior (p < 0.03) and nasal (p < 0.01). Significant positive correlation
was found between thin CCT and OCT parameters in: optic disc area (r = 0.429, p = 0.003), cup/disc area
ratio (r = 0.287, p = 0.05), horizontal cup/disc ratio (r = 0.472, p < 0.001), vertical cup/disc ratio (r = 0.578,
p < 0.001), average RNFL (r=0.796, p < 0.001), superior RNFL (r = 0.665, p < 0.001), inferior RNFL (r = 0.650,
p < 0.001), nasal RNFL (r=0.611, p < 0.001) and temporal RNFL thickness (r = 0.601, p < 0.001).
Conclusion POAG patients with thin cornea will probably develop larger glaucoma changes than those
with a thicker cornea. Ultrasonic pachymetry measurements of CCT and OCT analysis of ONH topogra-
phy parameters and RNFL thickness provide significant information in early diagnosis and monitoring
progression of POAG.

Keywords: intraocular pressure; ultrasonic pachymetry; optical coherence tomography

INTRODUCTION

Primary open angle glaucoma (POAG) is the
disorder of the structural and functional chang-
es of the optic nerve [1].

Glaucoma changes of the optic nerve may
manifest as a morphological damage in the
optic nerve head (ONH) as well as a decrease
in the thickness of the retinal nerve fiber layer
(RNFL) [2].

Optical coherence tomography (OCT) is
a method usually used for evaluation of the
structural glaucoma damage [3, 4]. OCT is
non-contact and high-resolution device which
provides a cross-sectional image, good for
quantitative evaluation of the ONH and RNFL
[5]. It is a repeatable time-saving procedure.

Central corneal thickness (CCT) is a risk
factor for the development of POAG and a pre-
dictive factor for conversion ocular hyperten-
sion (OHT) to POAG [1]. It has been reported

that thick cornea provides falsely elevated
intraocular pressure (IOP), which may cause
a false POAG diagnosis, whereas thin cornea
provides an opposite result, which hides the
risk of developing POAG [6]. Herendon et al.
[7] reported that CCT was an important pa-
rameter of glaucoma ONH structural change.
Hewitt et al. [8] also found that, in glaucoma
eyes, thin CCT was related to increased vertical
cup/disc ratio (VCDR).

The aim of this study was to determine
whether thin CCT is associated with specific
ONH topography parameters and RNFL thick-
ness, measured by OCT in POAG patients.

METHODS

The is a retrospective study on documented
97 patients (97 eyes) with POAG at the Family
Civ¢i¢ Ophthalmology practice in Belgrade.
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The research was done in accordance with the Helsinki
Declaration and with the approval of the local Committee
on Ethics.

Exclusion criteria were: myopia > -6 D, secondary glau-
coma, POAG advanced glaucoma stage, drusen of the optic
nerve head and other anomalies of the optic nerve head,
other ocular diseases, history of previous ocular surgeries
and laser treatments, trauma, systemic comorbidities that
may affect the visual field, patients with unreliable visual
field (defined as false-negative errors > 33%, false-positive
errors > 33%, and fixation losses > 20%), mean deviance
(MD) = -10 dB.

In all participants we examined best corrected visual
acuity (BCVA), slit-lamp biomicroscopy, IOP measure-
ment using Goldmann applanation tonometry, gonioscopy,
a dilated fundus evaluation using indirect ophthalmoscopy
with 90 D lens, and a 24-2 threshold test using a standard
automated perimetry AP-1000 Tomey (Tomey, Nagoya,
Japan). In addition, CCT was measured with ultrasonic
pachymeter SP-100 Tomey (Tomey). ONH analysis (disc,
cup and rim area, cup and rim volume, cup/disc (C/D)
ratio, horizontal and vertical C/D ratio) with RNFL mea-
surements (average and four quadrants RNFL thickness),
was performed using spectral domain OCT (SOCT Co-
pernicus Plus, Optopol Technology, Zawiercie, Poland).

POAG patients were classified into two groups accord-
ing to their median CCT: thin CCT < 540 pm (45 eyes)
and thick CCT = 540 um (52 eyes).

Demographic and clinical characteristics and OCT pa-
rameters were compared with the two groups according to
the CCT value, using unpaired t-test (Microsoft Excel, Office
2010, Microsoft Corporation, Redmond, WA, USA). Pear-
son’s correlation coefficients (r) were calculated to assess the
associations between thin CCT and optic disc morphologi-
cal parameters. Statistical analysis of Pearson ’s correlation
coefficients were performed by JASP version 0.12.2 (Jeffrey’s
Amazing Statistics Program, Amsterdam, the Netherlands).
The significance level was set at p value of < 0.05.

RESULTS

This study included 97 eyes of 97 patients with medically
controlled POAG. Of these, 39 (40.21%) patients were
male and 58 (59.79%) patients were female. The average
age of the examined population was 57.18 + 13.05 (range
26-78) years. Demographic and clinical characteristics of
patients with POAG were compared with the two groups
according to the CCT value (Table 1). There was statis-
tically significant difference in the mean IOP and CCT
between the groups (p < 0.0001). IOP with the prescribed
therapy was significantly higher in patients with thick CCT
compared to patients with thin CCT (17.92 + 2.40 mmHg
vs. 15.62 + 2.39 mmHg, p < 0.0001). CCT was significantly
higher in patients with thick CCT compared to patients
with thin CCT (569.65 + 22.06 um vs. 512.44 + 20.39 pm,
p < 0.0001). We found no statistically significant differ-
ence between the groups in terms of age, gender, and MD
(p = 0.053, p = 0.65, p = 0.007).
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Civei¢-Kalini¢ N. et al.

Table 2 shows a comparison of ONH parameters ob-
tained by OCT between two studied groups. There were
statistically significant differences between thin CCT and
thick CCT in these stereometric parameters: cup/disc
area ratio (0.48 £ 0.15 vs. 0.42 £ 0.11, p < 0.03), VCDR
(0.71 £ 0.12 vs. 0.69 + 0.10, p < 0.01) and rim volume
(0.12 £ 0.06 mm® vs. 0.15 + 0.05 mm?, p < 0.01). ONH pa-
rameters showed that cup/disc area ratio and VCDR were
significantly larger and rim volume significantly smaller
in POAG patients with thin CCT compared to patients
with thick CCT.

The average and quadrant RNFL thickness were
compared between the thin CCT and thick CCT. Sta-
tistically significant differences were found in thin cor-
nea group compared to thick cornea group in: average
(102.88 + 11.04 pm vs. 110.32 + 10.83 pum, p < 0.001), su-
perior (118.42 £ 16.76 um vs. 125.57 + 15.82 pum, p < 0.03),
inferior (118.44 + 19.38 pm vs. 126.59 + 16.93 um,
p <0.03) and nasal (78.33 + 12.39 um vs. 84.15 £ 11.16 pm,
p <0.01) RNFL thickness (Table 3). The average and quad-
rants (superior, inferior, nasal) RNFL thickness were sig-
nificantly lower in thin cornea group compared to thick
cornea group in POAG patients.

There was no statistically significant difference in optic
disc area (p = 0.45), horizontal cup/disc ratio (p = 0.15),
cup area (p = 0.18), cup volume (p = 0.21), rim area
(p = 0.11) and temporal RNFL thickness (p = 0.31) be-
tween the two groups (Table 2 and 3).

Table 4 gives the correlation coefficient between OCT
parameters (ONH parameters and RNFL thickness) and
thin CCT. There was a positive correlation with all OCT
parameters. Statistical significance was found in: optic
disc area (r = 0.429, p = 0.003), and cup/disc area ratio
(r=0.287, p = 0.05). High statistical significance was found
in: horizontal cup/disc ratio (r = 0.472, p < 0.001), VCDR
(r=0.578,p < 0.001), average RNFL (r = 0.796, p < 0.001),
superior RNFL (r = 0.665, p < 0.001), inferior RNFL
(r =0.650, p < 0.001), nasal RNFL (r = 0.611, p < 0.001)
and temporal RNFL thickness (r = 0.601, p < 0.001).

DISCUSSION

OCT provide objective and reliable data of ONH and
RNFL with a high reproducibility in glaucoma and healthy
eyes [9].

CCT has been demonstrated as an important risk fac-
tor for development and progression of ocular hyperten-
sive to primary open-angle glaucoma patients [10]. The
Ocular Hypertension Treatment Study (OHTS) discov-
ered that the risk for development of glaucoma is larger
in eyes with thin CCT and lower in eyes with thick CCT
[10]. Our study showed a significantly lower mean IOP
(p < 0.0001) and CCT (p < 0.0001) in POAG patients
with thin cornea compared to patients with thick cor-
nea. Patil et al. [11] demonstrated that the mean CCT in
the normal group (554.38 + 17.67 um) and the glaucoma
group (554.15 + 16.39 um) was similar and was signifi-
cantly lower than the mean CCT in the OHTN group
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Relationship between optic nerve head topography and nerve fiber layer thickness with central corneal thickness in patients with primary open-angle glaucoma

Table 1. Demographic and clinical characteristics of patients with
primary open-angle glaucoma

CCT < 540 um CCT =540 um
Parameters (n=45) (n=52) p
X +SD X +SD

Age (years) 59.93 £12.81 5480+ 1291 0.053
Gender (M/F), n 17/28 22/30 0.65
Mean IOP (mmHg) 15.62 + 2.39 17.92 + 2.40 < 0.0001
CCT (um) 51244 £20.39 | 569.65+22.06 | <0.0001
MD (dB) -3.72+ 157 -3.22+ 1.1 0.077

M/F — male/female; IOP - intraocular pressure; CCT — central corneal thickness;
p - unpaired t-test; MD — mean deviation

Table 2. Optic nerve head topography parameters classified by central
corneal thickness (CCT)

Optic nerve head CC-I(-::S:g)“m CC'I('n2=5 gg)um p
parameters X +5SD X +SD

Optic disc area (mm?) 1.72+£04 1.78+£0.36 0.45
Cup/disc area ratio 0.48 £0.15 0.42+0.11 <0.03
Horizontal cup/disc ratio 0.67+0.13 0.63+0.12 0.15
Vertical cup/disc ratio 0.71+0.12 0.69+0.10 | <0.01
Cup area (mm?) 0.84 +0.33 0.76 +0.27 0.18
Cup volume (mm?) 0.21+0.13 0.18+0.10 | 0.21
Rim area (mm?) 0.87 £0.29 0.97 £0.31 0.11
Rim volume (mm?3) 0.12 +0.06 0.15+0.05 | <0.01

p - unpaired t-test

Table 3. Retinal nerve fiber layer (RNFL) thickness classified by central
corneal thickness (CCT)

CCT < 540 um CCT = 540 ym
RNFL thickness (n=45) (n=52) p
X £SD X £SD

Average (um) 102.88 = 11.04 110.32+10.83 | <0.001
Superior (um) 11842+ 16.76 125.57 £15.82 <0.03
Inferior (um) 118.44 +£19.38 126.59 £16.93 <0.03
Temporal(um) 63.15+9.81 7147 £11.03 0.31
Nasal (um) 78.33+£1239 84.15x11.16 <0.01

p — unpaired t-test

Table 4. Optical coherence tomography parameters in relationship to
thin central corneal thickness (CCT)

OCT parameters cgzgiiliztr:?r(]r) p
Optic disc area (mm?) 0.429 0.003
Cup/disc area ratio 0.287 0.05
Horizontal cup/disc ratio 0.472 <0.001
Vertical cup/disc ratio 0.578 <0.001
Cup area (mm?) 0.227 0.126
Cup volume (mm?3) 0.118 0.429
Rim area (mm?) 0.268 0.069
Rim volume (mm?) 0.108 0.472
Average RNFL (um) 0.796 < 0.001
Superior RNFL (um) 0.665 < 0.001
Inferior RNFL (um) 0.650 <0.001
Nasal RNFL (um) 0.611 <0.001
Temporal RNFL (um) 0.601 <0.001

OCT - optical coherence tomography; RNFL - retinal nerve fiber layer;
r - Pearson’s correlation coefficient

(568.18 £+ 30.52 um, p < 0.01). Bulut et al. [12] found that
the CCT in the POAG group (545.6 + 29.7 um) and the
healthy control group (551.9 + 26.2 um) was significantly
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higher than the CCT in the normal tension glaucoma
group (519.0 + 25.7 pum, p < 0.001). Mari¢ et al. [13] found
in patients with suspected glaucoma significantly lower
mean CCT in adults than in children (547 + 35 pm vs.
578 £+ 35, p < 0.032).

In the current study ONH parameters showed that the
cup/disc area ratio and VCDR were significantly larger
and rim volume significantly smaller in POAG patients
with thin CCT compared to patients with thick CCT. An-
ton et al. [14] and Dagdalen and Dirican [9] showed that
rim parameters were significantly smaller and C/D ratio
significantly greater in glaucomatous eyes than in normal
and OHT eyes.

Several studies using OCT showed that the mean RNFL
thickness and superior and inferior sector thickness are
valuable measurement parameters in the differentiation of
glaucoma. Kaushik et al. [15] found that the RNFL in ocu-
lar hypertensives with CCT < 555 um was thinner than in
those with thicker corneas. Anton et al. [14] and Dagdalen
and Dirican [9] discovered that mean RNFL thickness and
superior and inferior RNFL thickness were thinner in eyes
with glaucoma, than in eyes with ocular hypertension and
normal eyes. Chen et al. [16] found that the most RNFL
thickness (except at the nasal quadrant) were significantly
lower in preperimetric glaucoma eyes compared to nor-
mal eyes. Bulut et al. [12] discovered that the mean RNFL
thickness were thinner in normal tension glaucoma group
than in POAG and healthy control group. In the present
study, the average and quadrants (superior, inferior, nasal)
RNFL thickness were significantly lower in thin cornea
group compared to thick cornea group in POAG patients.

In our study a significant positive correlation was found
between thin CCT and OCT parameters in: optic disc area
(p =0.003), cup/disc area ratio (p = 0.05), horizontal cup/
disc ratio (p < 0.001), VCDR (p < 0.001), average RNFL
(p < 0.001), superior RNFL (p < 0.001), inferior RNFL
(p < 0.001), nasal RNFL (p < 0.001) and temporal RNFL
thickness (p < 0.001). In the recent study Oztiirker [17]
found a significant positive correlation between thin CCT
and inferior RNFL thickness (r = 0.353, p < 0.005) in pa-
tients with POAG. Wangsupadilok and Orapiriyakul [18]
found a significant positive correlation between CCT and
RNFL thickness in all quadrants and average RNFL thick-
ness, with highest correlation for average RNFL thickness
(r=0.487, p =0.001) in POAG patients.

CONCLUSION

POAG patients with thin cornea will probably develop
larger glaucoma changes than those with a thicker cornea.
Ultrasonic pachymetry measurements of CCT and OCT
analysis of ONH topography parameters and RNFL thick-
ness, provide significant information in the early diagnosis
and monitoring progression of POAG. It is necessary to
perform a larger prospective study in the future to confirm
these findings.

Conflict of interest: None declared.
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Mose3aHocT TonorpadcKMX Napamertapa rnase ONTUUKOr HepBa U Aeb/buHe cnoja
HepPBHMX BlaKaHa PeTUHE ca LLeHTPaNHOM Aeb/bMHOM poXibaue Kog 6onecHuKa ca

NPUMapPHUM [1aYKOMOM OTBOPEHOT yrna

Harawa Yusunh-Kanunuh', Mnpocnas Cramenkosuh? Haga Ynsunh', CredaH bpyHet?

'0uHa opauHaumja Family Civeic,;

2YHuBepauTet y Beorpagy, ®akynTet 3a cneuujanty eaykauujy n pexabunutauujy, KnuHnuko-6onHuyKy uentap 3se3aapa, KnuHuka 3a ouHe

6onectu, beorpag, Cpbuja;

3YHuBep3auTeT y HoBom Cagy, MeauumHcKkn dakynteT, KnnHnukm LeHTap BojsognHe, KnuHuka 3a ouHe 6onectn, Hosu Cag, Cpbuja

CAXETAK

YBop/Lum VcTpaxmnsanu cmo nosesaHocT usmehy Tonorpad-
CKUX NapameTapa rnaBe onTuykor Hepsa (FTOH) n pebbrHe
coja HepBHYIX BakaHa peTuHe (CHBP) ca ueHTpanHom febrbu-
HoMm poxrbaue (LIJP) kop 6onecHrKa ca nprMapHM rayKoMoM
OTBOpPEHOT yra.

MeTtope Y 0By peTpoCneKkTUBHY CTyAWjY YKIbyyeHo je 97 60-
necHvka (97 ounjy) ca npUMapHUM rnaykoMom OTBOPEHOT
yrna. bonecHuuym cy nopebeHun Ha rpymny ca TahoM POXaiom
(LLAP < 540 um, 45 ouujy) n nebsbom poxktbayom (AP > 540 um,
52 oka), Koje cy MepeHe ynTpa3By4YHOM NaxnMeTpujom. Torno-
rpadcka Mepera napametapa M'OH n gebbuHe CHBP paheHa
Cy OMTNYKOM KOXepeHTHOM Tomorpadujom (OKT). Pesyntatu
cy ynopehusaHu ca Talom 1 gebssom LIJP n kopenvpanu ca
Tatbom LIIP yyecHuka ctyamje.

PesynTtatu YTBpheHe Cy CTaTUCTAYKM 3HAYajHO HIXKe BpegHOC-
TN MHTPaOKynapHor nputucka (p < 0,0001) n LIAP (p < 0,0001)
Kop 6onecHuka ca TaHkom LIIP y nopehetby ca 6onecHuLyma ca
nebmwom LAP. Kog napametapa FOH go6wnu cMo CcTaticTyku
3HauajHy pa3nuKy y rpynm ca TaHKOM poXXkaduoMm y nopeherby
ca rpynom ca ge6/bomM poxHaiom Ko NoBpLIMHe OfHOCa
cup/disc (p < 0,03), BepTrKanHor ogHoca cup/disc (p < 0,01) n

‘ DOI: https://doi.org/10.2298/SARH191126066C

BoslymeHa rim (p < 0,01). MpoHaheHa je CTaTUCTUYKM 3HaYajHa
pasnuka kog aebmbmHe CHBP y rpynu ca TaHKOM poXKkbauom
y nopehemy ca rpynom ca 4eb/bom poXkibauoM Kof, cpefihe
(p < 0,001), roptbe (p < 0,03), gorbe (p < 0,03) 1 yHyTpaLwHe
(p < 0,01) nebmrHe CHBP. YTBpheHa je cTaTUCTUUKM 3HaYaj-
Ha No3uTUBHa Kopenauuja TaHke LIJIP n napametapa ontuuke
KoxepeHTHe ToMmorpaduje Ko nosplLuviHe optic disc (r= 0,429,
p=0,003), noBpLnHe oaHoca cup/disc (r= 0,287, p = 0,05), xo-
pvi3oHTanHor ogHoca cup/disc (r= 0,472, p < 0,001), BepTnKan-
Hor ofiHoca cup/disc (r = 0,578, p < 0,001), cpepte febrbriHe
CHBP (r=0,796, p < 0,001), ropwer CHBP (r= 0,665, p < 0,001),
porber CHBP (r=0,650, p < 0,001), yHyTpawrber CHBP (r=0,611,
p < 0,001) n cnomawmer CHBP kBagpaHTa (r= 0,601, p < 0,001).
3ak/byyvak bonecHuLM ca npYMapHUM rnaykoMom OTBOPeHOr
yrna v TakbOM POoXHayoM BepoBaTHO hie pa3Buty Behe rnay-
KOMHe NPOMEHe ofj OHYIX ca Ae6IbOM POXKHAYOM. YITPa3ByyHOM
naxmmeTpmjom mepeHa LIJIP 1 onTnykom KoxepeHTHOM ToMorpa-
dujom aHanu3npaHu Tonorpadpckmn napametpu FOH n pebbu-
Ha CHBP npy»ajy 3HauajHe nHpopMaLmje y paHoj AvjarHo3u v
npaherby Nporpecmje Kog NPUMapHOT rMayKoMa OTBOPEHOT Yrria.
KrmbyuHe peun: MHTPaoKynapHy NPUTKCAK; yITPa3ByyYHa Maxu-
MeTpuja; ONTHYKA KOXepeHTHa Tomorpaduja
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SUMMARY

Introduction/Objective The study aims to analyze the thickness of both the ganglion cell layer and
the inner plexiform layer (GCL + IPL) among patients suffering from dry and wet form of age-related
macular degeneration (AMD).

Methods One hundred ninety-five patients with AMD participated in the study, along with 94 healthy in-
dividuals (mean age 75.2 + 7.8 years; range 55-86). They were divided into three groups: the first group, or
group |, included 100 patients suffering from wet AMD; the second group, or group I, included 95 patients
afflicted with dry AMD; the final 94 patients made up the control group, group lIl, of healthy individuals
without systemic or ocular diseases. Measurements such as the average macular thickness, the average
and minimum GCL + IPL thickness, and the GCL + IPL thickness in all six sectors were obtained by Cirrus
spectral-domain optical coherence tomography (SD-OCT, Carl Zeiss Meditec, Inc., Dublin, CA, USA). SPSS
version 20.0 was used to analyze the data, while the level of statistical significance was set at p < 0.05.
Results In the case of patients with wet AMD, the average value for GCL + IPL thickness was 43.13 pm, for
patients with dry AMD the value was 66.73 um, and the average thickness measured for the control group
was 86.23 um. There was a statistically significant difference between the average GCL + IPL and minimum
GCL + IPL thicknesses between the groups (p < 0.001). Lower values were noted for patients with wet AMD
(p < 0.001) than those with dry AMD. In the latter, the average GCL + IPL and the minimum GCL + IPL thick-
nesses were lower than those of the healthy participants, at a level of statistical significance (p < 0.001).
Conclusion Participants with AMD exhibited thinner GCL + IPL than the healthy participants, as did the

participants with wet AMD when compared to the participants with dry AMD.
Keywords: dry AMD; wet AMD; ganglion cell layer; ganglion cell complex

INTRODUCTION

The onset of blindness in developed countries
is frequently caused by age-related macular de-
generation (AMD) [1, 2, 3]. The basic changes
which lead to the disease mostly affect the outer
retinal layers, the Bruch’s membrane, and the
choriocapillaris. AMD leads to degeneration
of the photoreceptors and retinal pigment epi-
thelium of the macula [4-8]. The later stages of
the disease can develop into geographic atrophy
(GA) or neovascular AMD [9-14].

However, lately, any changes affecting the
inner layers of the retina among patients suf-
fering from AMD have been the focus of fur-
ther study. Consequently, a great deal of im-
portance has been paid to inner retinal layer
analysis, especially to the ganglion cell complex
(GCC), that is, the ganglion cell layer — or the
inner plexiform layer (GCL + IPL) in particu-
lar. The layer can be obtained through segmen-

tation, by using optical coherence tomography
(OCT) [15].

The three layers contained within the inner
retina make up the retinal ganglion cells com-
plex. They include the following: the retinal
nerve fiber layer (RNFL), encompassing the
ganglion cell axons; the GCL, consisting of the
ganglion cell bodies; and the IPL, made up of
the ganglion cell dendrites [15]. The GCC is not
necessarily solely limited to making differential
diagnoses or managing glaucoma. It is important
to note that its application extends to multiple
neurological and retinal conditions [16, 17].

In clinical practice, an AMD diagnosis is
usually made following an ophthalmoscopic
examination of the macula, color fundus pho-
tography, an Amsler grid, visual field testing
with automatic microperimetry in scotopic
conditions, a test for the macular threshold,
contrast-sensitivity, and fluorescein angiogra-
phy [18, 19].
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Another essential diagnostic tool is OCT. Its advantage
is that is provides not only real-time, but also objective
and reproducible retinal thickness measurements, as well
as morphological measurements [20, 21]. In the detection
of any structural damage to the retina, OCT is known to
researchers as the gold standard. It also measures macular
GCC thickness, which represents the combined thickness
of RNFL, the GCL + IPL around the macula. The Cirrus
spectral-domain optical coherence tomography (SD-OCT,
Carl Zeiss Meditec, Inc., Dublin, CA, USA) incorporates the
latest ganglion cell analysis algorithm, which precisely de-
lineates only the macular GCL + IPL, excluding the RNFL.
Therefore, any effect on the total GCC which could result
from possible changes to the RNFL is precluded [22, 23, 24].

The purpose of this study was to analyze macular GCL
+ IPL thickness in patients with the dry and wet form of
AMD. These values were compared to those obtained from
measurements of a control group of patients, so as to as-
sess any potential impact of AMD on the inner layers of
the retina.

METHODS

A prospective, nonrandomized, observational monocen-
tric study was conducted on 195 patients with AMD and
94 healthy persons between May 2016 and May 2017 at
the Maja Clinic Special Hospital for Ophthalmology, Nis,
Serbia. The study was approved by the Clinic Ethics Com-
mittee. The patients included in the study were divided into
three groups: the first group, or group I, included 100 pa-
tients suffering from wet AMD; the second group, or group
11, included 95 patients afflicted with dry AMD; the final 94
patients made up the control group, or group III, consist-
ing of healthy patients without systemic or ocular diseases.
After presenting at the Clinic, the participants with noted
AMD were enrolled consecutively; the control group was
recruited from a population of normal, healthy, sex- and
age-matched individuals. The implemented procedure fol-
lowed the tenets of the Declaration of Helsinki. Each patient
provided informed consent following an explanation of the
nature of the study, and any possible consequences thereof.

The inclusion criteria were as follows: age over 55 years
and retinal changes classified as stages of the AMD. Pa-
tients with end-stage disease, GA, and end-stage AMD
were excluded from the study.

The exclusion criteria included the following: any ocu-
lar disease with a possible confounding effect on the as-
sessment of the retina, except AMD (retinal vessel occlu-
sion, glaucoma, diabetic retinopathy, retinal dystrophies,
and uveitis), as well as any previous or any concomitant
therapy the patient might have been undergoing to treat
their AMD (intravitreal steroids, anti-vascular endothelial
growth factor, ocular surgery, laser coagulation etc.). In ad-
dition, patients with any neurologic disease were excluded
from the study.

The study procedures included a baseline visit, fol-
lowed by regular study visits, and a full ophthalmic and
fundus examination, including multimodal retinal imag-
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ing as required by standard operating procedures. These
procedures required the use of a Cirrus SD-OCT device
(model 4000, software version 6.0). The thickness of the
macular GCL + IPL was measured using the ganglion
cell analysis algorithm included in the aforementioned
device. The following measurements were taken: the av-
erage and minimum thickness of the GCL + IPL, along
with the thickness of the six sectors (superotemporal, su-
perior, superonasal, inferonasal, inferior, inferotemporal)
starting from the elliptical annulus which is centered on
the fovea. Macular image acquisition was obtained once
mydriasis was achieved following the administration of
1% tropicamide eye drops. The data collected from the
healthy patients were also analyzed. They were subject to
the following criteria: (1) no ocular pathology, (2) no his-
tory of ocular surgery including intravitreal injections, (3)
normal computerized visual field — standard automated
perimetry finding [24-2 Swedish Interactive Threshold
Algorithm (SITA), Humphrey Field Analyzer I, Carl Zeiss
Meditec], (4) intraocular pressure < 21 mmHg measured
by Goldmann applanation tonometer, (5) no systemic or/
and neurological disease, and (6) best-corrected visual acu-
ity 20/20, and refractive error within + 0.5 D.

Following the baseline visit, the control group of healthy
participants needed to return for a follow-up visit after one
year. Since the study is longitudinal, in order for the data
from the control group to be included in the analysis, the
participants needed to complete at least two visits over the
span of a single year.

Statistical analysis

We classified the eyes into three groups based on their
clinical pattern: neovascular (wet) AMD, dry AMD, and
control subjects. Kruskal-Wallis and Man-Whitney non-
parametric statistical tests for independent data were used
to compare the value of GCL + IPL in neovascular (wet)
and dry AMD and in the control group. The quantitative
values calculated in the study were expressed as means and
standard deviations. The level of statistical significance
for the statistical calculations was set at p < 0.05 . The
confidence interval was set at 95%. IBM SPSS Statistics for
Windows, Version 20.0 (IBM Corp., Armonk, NY, USA)
was used for all the data analyses.

RESULTS

One hundred eyes of 100 patients (mean age at presenta-
tion 75.2 + 7.8 years, range 55-86 years; male vs. female
51/49) with signs of wet AMD from the base of our OCT
study were compared with 95 patients with dry AMD
(mean age 70.1 + 7.1 years, range 55-83 years; male vs.
female 48/47). The control group comprised 94 age- and
sex-matched patients (mean age 73.3 + 7.3, range 55-85
years; male vs. female 47/47). The necessary demarcation
of the superior sectors was done from the nasal to the
temporal sector. Consequently, the superior nasal sector
of GCL + IPL was marked GC1, the superior one GC2,
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and the superior-temporal one GC3. The demarcation of
the inferior sectors was also done from the temporal to
the nasal sector, which meant that the inferior temporal
sector was marked GC4, the inferior one GC5, and the
inferior-nasal one GCé.

The Kruskal-Wallis nonparametric statistical test showed
a statistically significant difference for the individual thick-
ness of each segment of the GC complex (GC1-GC6) be-
tween the three groups (p < 0.001) —-wet AMD, dry AMD,
and the control group of healthy patients. By using the
Mann-Whitney tests we demonstrated that separate thick-
nesses of sectors GC1-GC6 were higher in healthy patients
(p <0.001) than in both AMD groups, as well as in the group
of dry AMD patients than in the wet AMD (p < 0.001) group
— the detailed values are reported in Table 1. As indicated,
the control group had a thicker average GCC (86.23 um),
the dry AMD group had a thickness of 66.73 um, and the
wet AMD group had a thickness of 43.13 um.

Table 1. Mean ganglion cell layer and inner plexiform layer (um) in wet,
dry age-related macular degeneration and control subjects

Sector of GCL | AMD wet | AMD dry | Control subjects

+IPL n=100 | n=95 n =94 P
GC1 4447 67.55 86.34 <0.001
GC2 42.76 64.7 86.55 < 0.001
GC3 43.46 66.1 86.45 <0.001
GC4 43.26 66.38 86.12 <0.001
GC5 44.38 66.13 86.62 <0.001
GC6 42.04 67.55 86.31 <0.001
GCL avg. 43.13 66.73 86.23 <0.001
GCL min. 40.03 60.57 82.49 <0.001
CFT 292.07 195.94 25543 <0.001

GCL + IPL - ganglion cell layer and inner plexiform layer; GC1 - superior

nasal sector of GCL + IPL; GC2 - superior sector of GCL + IPL; GC3 - superior-
temporal sector of GCL + IPL; GC4 - inferior temporal sector of GCL + IPL; GC5
— inferior sector of GCL + IPL; GC6 - inferior-nasal sector of GCL + IPL; GCL avg.
- ganglion cell layer and inner plexiform layer average; GCL min. - ganglion
cell layer and inner plexiform layer minimum; CFT - central foveal thickness

A statistically significant difference was noted between
the values for average GCL + IPL between the groups
(p < 0.001). It was thinner in patients with wet AMD
(p < 0.001) than inthose with dry AMD. A statistically
significant difference was noted between the values of av-
erage GCL + IPL for the dry AMD group and the group
of healthy patients (p < 0.001).

Statistically significant differences between the groups
were also determined for minimum GCL + IPL thickness
(p <0.001). The results indicated it was thinner among the
patients of the wet AMD group (p < 0.001) than among the
patients of the dry AMD group. A statistically significant
difference for minimum GCL + IPL was noted between
the patients of the dry AMD group and the healthy group
of patients (p < 0.001), with lower thickness recorded for
the former.

A statistically significant difference for central foveal
thickness was noted for all three groups. The lowest thick-
ness was noted for the dry AMD group, 195.94 um, fol-
lowed by the control group - 255.43 um, and the greatest
thickness was noted in patients with wet AMD - 292.07 um.
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DISCUSSION

The introduction of OCT started a revolution in the re-
search on inner retinal layers in patients with AMD. Spe-
cial attention had to be focused on three layers: the IPL,
the GCL, and the RNFL, which form the GCC [2, 21].
Software upgrades for the SD-OCT systems have been de-
veloped and made available to the public to keep up with
the progress of research into the thickness of the GCL [22].

The segmentation of the GCC, which allows research-
ers to measure the thickness of this section alone, as well
as track any thickness changes that take place over time,
enabled them to recognize the importance of GCC when
establishing diagnoses and monitoring any changes that
occur in patients afflicted with various diseases of the
retina, the macula, and the optic nerve. The importance
of GCC segmentation and the need to perform it have
been proven in multiple studies [23, 24]. It is now possible
to segment the macular GCL + IPL, with the exclusion of
the remaining RNFL, by using the ganglion cell analysis
algorithm which is now a constituent part of the Cirrus
HD-OCT (Cirrus Version 6.0) [25]. Consequently, any
changes to the RNFL will not affect the entire GCC.

So far, only a few studies have investigated GCL + IPL
thickness in AMD. Zucchiatti et al. [26] investigated ex-
actly the same GCL + IPL as we did. Their results showed
that mean GCC thickness was higher in the control group
(79.9 £ 5.5 pm), becoming progressively thinner in ad-
vanced AMD forms (neovascular AMD had a mean GCC
thickness of 53.8 + 16.9 um while atrophic AMD had a
mean of 50.4 £ 17.9 um). Compared to the results of our
study, the values of GCC thickness are almost the same.

It is also of great importance to monitor the changes
in GCL + IPL thickness after multiple anti-vascular en-
dothelial growth factor (anti-VEGF) therapy treatments
to observe if there is an additional reduction in thickness
of this layer, or whether anti-VEGF therapy does not ad-
versely affect GCL + IPL thickness. There are a few studies
investigating the effect of intravitreal anti-VEGF injections
on RNFL and GCC, but the results are controversial [27,
28]. It is important to point out that the GCL + IPL layer
is thinned out by the disease itself before any application
of the VEGF treatment and it should be analyzed among
patients whose visual acuity did not improve despite ag-
gressive anti-VEGF treatment. Further studies should
focus on the investigation of GCL + IPL thickness after
multiple applications of anti-VEGF treatment.

Patients with dry AMD are expected to have thinner
GCL + IPL compared to patients with wet AMD, which
was not confirmed in this study. More studies are required
for a better understanding of retinal structural changes
in neovascular AMD that occur as a consequence of the
natural course of the disease.

Lee et al. [29], analyzing the GCL + IPL and RNFL
among patients with dry AMD, reached the conclusion
that in in this particular case, the thickness of the GCL
+ IPL and the RNFL were not as high as those measured
in control eyes. The results of this study also indicate that
there is a negative correlation between the thickness of
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the average GCL + IPL and the drusen area. In addition,
patients suffering from GA, caused by AMD, experience
significant GCL loss [30]. In the aforementioned study;,
the authors were able to conclude that ganglion cell death
could be followed by axonal loss, and that increased macu-
lar RNFL volumes are not indicative of GCL volume [30].
Borelli et al. [31] analyzed the GCC of 68 eyes with inter-
mediate AMD which exhibited GCC thinning (the average
and minimum GCC thicknesses were thinner in AMD pa-
tients than in healthy controls (69.54 £ 9.30 pm and 78.57
* 6.28 um, respectively), which supports the concept of
postreceptor retinal neuronal loss as a contributing factor
to retinal thinning in intermediate AMD.

It is important to point out that the presence of thinning
not only in GCL + IPL but also in RNFL imposes the fol-
lowing question: how are the structural changes in patients
with both glaucoma and AMD supposed to be followed,
since both diseases result in the thinning of both GCL +
IPL and RNFL. Rimayanti et al. [32] concluded that there is
damage to the inner retinal layers in eyes with AMD. Even
if this is not the topic of interest in our current study; it is
useful to have in mind that RNFL thickness significantly
correlates with glaucoma in AMD eyes. RNFL thickness
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can be a useful parameter for differentiating eyes with
AMD from eyes with both AMD and glaucoma [32].

CONCLUSION

Changes to the inner macular layer are a consequence of
both dry and wet AMD. These changes take the form of
a reduction in the thickness of the macular GCL + IPL.
Patients with cases of wet AMD have a thinner GCL + IPL
compared to patients with cases of dry AMD. This excludes
any patients suffering from GA.
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NpomeHe aeb/buHe cnoja raHrnjckux henmnja u yryTpawrer naekcMpopmHor ¢noja
Koa 60necHMKa ca CEeHWUIHOM JereHepaLmnjom KyTe mpbe
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CAMETAK

YBoa/Unm Linm cTyamje je 6no aa ce aHanu3mnpajy npomeHe
neb6sbrHe crnoja raHrnujckux henvja u yHyTpalltber ninekcu-
dopmHor cnoja CI'h + YIMC kop 6o51ecHMKa ca CyBM U BIaXHUM
0651MKom ceHunHe gereHepauuje makyne (CAM) y ogHocy Ha
KOHTPOJIHY rpyny.

Mertopg Cryavja je cnpoBefeHa Ha 195 6onecHrka ca CAM n
94 3npaBe ocobe (cpeatba cTapocHa Job 75,2 + 7,8 roguHa;
orcer 55-86 roavHa). bonecHuum cy noferbeHn y Tpu rpyne:
rpyna | — 100 6onecHuvka ca BnaxHom CAIM, Il rpyna — 95 60-
necHuka ca cyom CIM n koHTposHa rpyna lll - 94 ucnutaHuka
6€e3 CNCTEMCKUX N OYHIKX 6onecTn. cnnTuBarbe je BpLieHo
nomohy Cirrus SD-OCT (Carl Zeiss Meditec, Inc., abnuH, Kanu-
dopHuja, CALl). MepeHe cy npoceyHa febrbrHa MaKyse, Kao 1
npoceyHa 1 MHUManHa aebsbrHa CI'h + YMNC n gebmbuHa CMh
+ YMNCy cBumx wect cektopa. CTaTUCTYKa aHan3a N3BpLUEHa je
Kopuwwherbem SPSS Bep3uje 20.0 nprimeHoM ogroBapajyhux cTa-
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TUCTUYKKX MeToga. BpeaHocT p < 0,05 ce cmaTpana CTaTUCTUYKK
3HauajHVIM pe3yTaToMm.

Pesyntatum NpoceyHa aebmwuHa CI'h + YTC Kop 6onecHuKa
ca BnaxxHom popmom CIM n3Hocuna je 43,13 um, kop bonec-
HuKa ca cyBom C[IM 6vna je 66,73 um, a y KOHTPOJHO] rpy-
nn 86,23 um. MNpoceyHe BpegHoctn CI'h + YINC v BpegHoCTH
MUHUManHe aebsbuHe CM + YMNC cTaTUCTUYKK ce 3HaYajHO
pasnukyjy nsmehy rpyna (p < 0,001) 1 6une cy Tare y BNaxHoj
dopmm COAM (p < 0,001) Hero kog cyBe dopme CAM. Y rpynun
cyBe dopme CLIM, npoceyHa aebrbrHa CIh + YINC n MuHUManHa
pebmwuHa CM'h + YIC cy CTaTUCTUYKK Take Hero KOA 3ApaBux
ocoba (p < 0,001).

3akmyuak C[IM opnukyje nctawerse CI' + YINC. bonecHuum
ca BnaxxHom ¢opmom CAIM umajy Tarem CI'h + YICy nopeherby
ca 6onecHuyuma ca cysom popmom CAM.

KmyuHe peun: cysa CIIM; BnaxHa CLIM; cnoj raHrnujckux he-
nnja; KOMMEKC raHrnmjckmx henwja
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SUMMARY

Introduction/Objective New World Health Organization Classification of Head and Neck Tumors from
2017 has introduced significant changes, mainly considering tumors in the oropharyngeal region. New
entities of HPV-positive and -negative squamous cell carcinomas have been acknowledged, not only
based on the presence of an active viral infection and different tumor markers expression, but also
because of their different histopathology, staging assessment, and prognosis. A retrospective study has
been conducted, in order to determine p16 positivity in squamous cell carcinomas in oropharynx and
in the oral cavity, and to see whether they differ in sex and age distribution.

Methods The presence of viral infection was verified based on p16 immunochemistry staining, p16
being the surrogate marker for HPV infection. A total of 177 cases of squamous cell carcinomas in the
oropharynx and the oral cavity, found in the archives of the Histopathology Laboratory of the Clinic for
Otorhinolaryngology and Maxillofacial Surgery, Clinical Centre of Serbia, have been revised.

Results Out of 177 cases, 50 (28.2%) were p16-positive. Compared with carcinomas in the oral cavity, p16
carcinomas were significantly more common in the oropharynx (34.3% in the oropharynx, compared to
10.3% in the oral cavity). Carcinomas in both regions were mostly associated with male sex (88.1% of all
cases were in males), but p16 positivity was more common in females (11 out of 21 cases, 52.4%). The
most common location of p16-positive carcinomas were palatine tonsils (41.03% of tonsillar carcinomas
were p16-positive).

Conclusion P16-positive squamous cell carcinomas were the most numerous in the oropharyny, i.e.
palatine tonsils, and were more common in females.
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INTRODUCTION

Oropharyngeal squamous cell carcinoma (OP-
SCC) is a medical problem on the rise. In the
new World Health Organization (WHO) clas-
sification from 2017, oropharyngeal tumors are
found to be so important that they are separated
in a new chapter, being divided from tumors
in the oral cavity, in which they were incor-
porated in previous classification from 2005
[1, 2]. These tumors are now classified as p16-
positive, associated with human papillomavirus
(HPV) infection, and p16-negative, associated
with long-term cigarette smoking and alcohol
abuse [3-7].

Oral HPV infection has been proven as a
significant factor in the genesis of squamous
cell carcinoma (SCC) in this region [4]. Infec-
tion is usually transmitted by urogenital sexual
contact, so it is mostly found in young, sexually

active adults [4, 5]. In the past few years, there
has been a dramatic increase in the incidence of
OPSCC attributed to HPV infection, mainly in
developed countries [8, 9, 10]. Most common
viral subtype found in these tumors is HPV 16,
which has a high tumorous potential [5, 11].
P16-positive SCC originates from malignant
transformation of the oropharyngeal epithe-
lium, caused by viral replication within the cells.
Most convenient for HPV replication is tonsillar
crypt epithelium, so generally these carcinomas
occur most commonly in the palatine tonsils.
Cancer grows by imitating tonsillar crypt ar-
chitecture, so it differs from p16-negative car-
cinomas not only by etiology, but also by histo-
pathology [1, 2, 5]. Given that the cancer arises
not from the superficial squamous epithelium
but from the reticulated epithelium which coats
the tonsillar crypts, most of the cancers are non-
keratinizing and of basaloid appearance [2, 5].
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Consequently, grading of tumors into well differentiated,
poorly differentiated, and undifferentiated is no longer
applicable, so the new WHO Classification discourages
the practice of grading HPV-positive OPSCC. Ultimately,
pl6-positive OPSCC have been related to a significantly
better prognosis in comparison to p16-negative OPSCC,
as well as to a lower risk of cancer recurrence [12, 13, 14].
There is no specific test for proving the active HPV in-
fection in the oropharynx, so expression of the p16 protein
in cells is used as a reliable surrogate marker [5, 15]. p16 is
a tumor suppressor protein that inhibits cyclin-dependent
kinase 4A, which further phosphorylates the retinoblastoma
(RD) protein and allows the cell to progress from G1 to S
phase of the cell cycle. By a feedback mechanism, Rb nor-
mally inhibits the expression of p16. Carcinogenesis of most
of the head and neck carcinomas involves inactivation of the
tumor suppressor proteins, including p16. However, viral
E7 protein produced in HPV infection leads to functional
inactivation of the Rb protein, and consequential overexpres-
sion of the p16 protein, which can be used to detect these
tumors by immunohistochemical staining methods [5, 15].
The aim of the study is to determine p16 positivity of
SCC in the oropharynx and the oral cavity, as well as to
determine differences in age and sex distribution.

METHODS

A retrospective study has been conducted based on cases
found in archives of the Histopathology Laboratory of the
Clinic for Otorhinolaryngology and Maxillofacial Surgery
(Clinical Centre of Serbia), from January 1, 2013 to October
1,2017. A total of 173 cases of SCC in the oropharynx
and the oral cavity were found, as well as four cases of
primarily found metastasis of this carcinoma in the neck
lymph nodes.

All the samples were standardly processed in the Clinic’s
laboratory (formalin-fixed, paraffin-embedded and cut
into 4 pm sections), and sent for staining to the Immuno-
histochemistry Laboratory of the Institute of Pathology,
Faculty of Medicine, Belgrade. A monoclonal p16 antibody
was used (anti-mouse, ready-to-use; Ventana Medical Sys-
tems, Inc., Oro Valley, AZ, USA). Samples were stained

Figure 1. An example of p16-positive staining sample: intensive
nuclear and cytoplasmic positivity in more than 75% of tumor cells
(streptavidin-biotin, x 400)

pl6-positive (Figure 1). All histopathological procedures
including tissue manipulations were a part of a routine
diagnostic procedure that is applied for our patients.

The data was processed in IBM SPSS Statistics for Win-
dows, Version 21.0 (IBM Corp., Armonk, NY, USA) using
the methods of descriptive and analytic statistics. Based on
the type of data, the following tests have been used: Fisher’s
exact test, x*test, ANOVA, student’s t-test. The results were
considered significant for p-values less than 0.05.

The paper was approved by the institutional review
board.

RESULTS

Out of 177 patients with SCC, 156 (88.1%) were male and
21 (11.9%) were female. The average age was 62.82 + 10.19
years; the youngest patient was 28, and the oldest one 93
years old. The most common localization of all SCC was
the palatine tonsil, in 78 (44.1%) patients. Other most com-
mon localizations were as follows (Figure 2): the tongue
base (14.1%), the mobile tongue (11.3%), and the posterior
pharyngeal wall (11.3%).

partly manually, partly in an immunostainer %
(BenchMark Special Stains, Ventana Medi-
cal Systems, Inc.) following the standard
laboratory protocols. Detection involved a
two-stage UltraVision LP detection system 60
(Thermo Fisher Scientific, Waltham, MA,
USA), which included secondary (Primary
Antibody Enhancer) and tertiary (large vol-
ume HRP polymer) antibodies. The reaction 30
was visualized with 3,3’-diaminobenzidine 20
tetrahydrochloride chromogen. The samples
were then stained with hematoxylin accord-
ing to standard protocols and evaluated un-
der a microscope. Samples with both nuclear
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Figure 2. Site distribution of squamous cell carcinomas in the oropharynx and the
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All the cases were divided in three groups. The first
group (Table 1) were OPSCC, which included tumors in
the tonsils, the soft palate, the tongue base, the posterior
oropharyngeal wall, and the uvula (n = 134). The second
group (Table 2) consisted of the oral cavity SCC, including
tumors on the lips, floor of the mouth, the mobile tongue,
the anterior and posterior palatine arches (n = 39). The third
group was made out of four cases of primarily found metas-
tasis of SCC in the lymph nodes of the neck region (n = 4).

The groups were compared regarding the p16 positiv-
ity, age and sex distribution (Tables 1 and 2). Sex distri-
bution among the groups was not significantly different
(p =0.179), and neither was age distribution (p = 0.541).
pl6 positivity was most commonly found in the oro-
pharynx (34.3% of the cases); in the oral cavity, 10.3% of
SCC were pl6-positive, whereas all four of the metastases
were pl6-negative. Statistically significant difference was
found in the p16 positivity distribution among the groups
(p =0.006, Table 3). Out of all p16-positive SCC, 92% were
in the oropharynx and only 8% in the oral cavity.

In the oropharynx, there were 46 p16-positive cases,
out of which 37 (80.4%) were male and nine were female
(19.6%). The average age of pl6-positive patients was
64.83 + 10.68 years. The other 88 cases were p16-negative,
with 84 males (95.5%) and four females (4.5%), and the
average age was 62.41 £ 7.8 years.

In total, there were 50 (28.2%) p16-positive cases in both
regions. Out of all males, 39 (25%) had p16-positive SCC,
whereas 11 (52.4%) females had p16-positive SCC. P16 posi-
tivity was significantly more common in females (p = 0.009,
Table 4). The mean age of p16-positive patients was 65.12 +
10.71 years, and the mean age of p16-negative patients was
61.92 + 9.87 years. pl6-positive and -negative patients did
not significantly differ in the age distribution (p = 0.06).

DISCUSSION

P16-positive OPSCC have been acknowledged as new en-
tities based on their significant differences in regard to
pl6-negative SCC in this region. Correlation with HPV
infection causes their predominant occurrence in the pala-
tine tonsils and their characteristic histological appearance,
lower mean age of patients affected, and better prognosis
and lower recurrence rates in comparison to SCC related
to smoking and alcohol abuse [1, 2, 5-9, 12-16].

In our study, an expected higher incidence of p16-positive
SCC in the oropharynx, followed by the oral cavity, has been
shown (34.3% in the oropharynx compared to 10.3% in
the oral cavity). However, in our population, p16-negative
SCC prevailed, in contrast to the USA, Sweden, and the
Netherlands [8, 9, 10]. Given that these are more developed
countries, leading the anti-smoking campaign for many
years, it is understandable why there is a significant fall in
the incidence of p16-negative SCC in the last few decades.
On the other hand, more liberal sexual behavior could ex-
plain higher incidence of HPV infection in these countries.

Considering the lack of data on incidence of p16-
positive SCC in our country prior to 2013, we could not

‘ DOI: https://doi.org/10.2298/SARH200731100T
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Table 1. Distribution of squamous cell carcinoma in various parts of
the oropharynx

Localization Frequency
Tonsils 78 (58.2%)
Root of the tongue 25 (18.7%)
Soft palate 8 (6%)
Posterior oropharyngeal wall 20 (14.9%)
Uvula 3(2.2%)

Table 2. Distribution of squamous cell carcinoma in the oral cavity

Localization Frequency
Lower lip 1(2.6%)
Tongue 20(52.3%)
Floor of oral cavity 13 (33.3%)
Palatoglossal arch 1 (2.6%)
Palatopharyngeal arch 4(10.3%)

Table 3. Distribution of p16-positive and negative squamous cell
carcinoma in the oropharynx and the oral cavity (p = 0.006, x*test)

p16 status Oropharynx (n = 134) Oral cavity (n = 39)
p16+ 46 (34.3%) 4(10.3%)
p16- 88 (65.7%) 35 (89.7%)

Table 4. Distribution of p16 positivity as to sex (p = 0.009, x* test)

p16 status Male (n = 156) Female (n =21)
p16+ 39 (25%) 11 (54.4%)
p16- 117 (75%) 10 (47.6%)

determine whether there has been a serious increase in
its incidence. A study conducted in the USA showed an
increase in the incidence of p16-positive SCC of 225%,
in the 1988-2004 period, whereas a study from Sweden
determined a rise of 295% from the 2000-2002 period to
the 1970-1979 period [8, 9]. Meta-analysis done based on
data from Europe and North America showed a significant
rise in the number of p16-positive SCC, from 47.7% before
2000 to 72.2% in the 2005-2009 period [16].

The mean age of patients with p16-positive OPSCC in
our study did not significantly differ from the mean age of
patients with p16-negative carcinomas, though p16-positive
patients were on average older than the pl6-negative ones
(64.83 + 10.67 years for positive, and 62.41 + 7.87 years
for negative), which is different from statistics in other
countries. Studies conducted in the USA and Sweden con-
cluded that patients with p16-positive SCC were signifi-
cantly younger than those with p16-negative SCC, which
is expected given the risk factors [8, 9].

Both p16-positive and -negative SCC were found signifi-
cantly more often in males (90.3% of all cases were male,
and only 9.3% were female), which is in accordance with
other studies [8, 9, 10].

p16 positivity in our study was more often found in
females; 69.23% of the females had p16-positive OPSCC,
in comparison to 30.58% of the males. This information
correlates with study conducted in Stockholm, where 96%
of the females had a p16-positive carcinoma, in comparison
to 81.58% of the males [9].

In sites other than oropharynx and oral cavity, rou-
tine p16 immunostaining is not recommended [17]. In
selected patients with enlarged level II/III lymph nodes,

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):732-736
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p16 immunohistochemistry may be considered since HPV-
associated OPSCC often present with large cervical metas-
tases with occult primary carcinoma.

CONCLUSION

pl6-positive SCCs are most common in the oropharynx,
namely in the palatine tonsils, and are more commonly
found in females.
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CraTtyc p16 ckBamoLenynapHUX KapLMHOMa opodapUHKCa U YCHe Ayn/be — UCKYCTBO

Halle MHCTUTYLUje

Hapa Tomanosuh', AHamapuja Tomuh', iBaH Bopuuuh', Josuua MunosaHosuh?, Musban Qonuih?, Catba Kpejouh-Tprisuh?,
Hukona Mukosuh?, irop Hopuh*, busbara Mapanua’, Hukona Yckokosuh®, Anekcanaap Tpusuh?

'YHuBep3utet y beorpagy, MeanumHckn dakynteT, UHcTUTyT 3a natonorujy, beorpag, Cpbuja;
2Ynusep3utet y beorpagy, MeguumnHcku dakyntet, KnuHuukm uentap Cpbuje, KnnHuka 3a oTopuHonapuHronorujy 1 makcunodauymjanty

xupyprujy, beorpag, Cpbuja;

*Ynueep3utet y beorpapy, CromaTonoluky dakynteT, KnuHmka 3a Makcunodaumjanty xupyprujy, beorpag, Cpbuja;

*YHuBep3uret y beorpagy, MeauumuHcki dakyntet, KnuHnuki uentap Cpbuje, LieHTap 3a pagronorujy 1 MarHeTHy pe3oHaHLuy, beorpag, Cpbuja;
YHusep3utet y beorpapy, MegnunHcku dakyntet, Knunuukm uentap Cpbuje, KnuHuka 3a kapauonorujy, beorpag, Cpbuja;

S/IHCTUTYT 3a jaBHO 3paBsbe Kparyjesal, LieHTap 3a KoHTpony 1 npeseHuujy 6onectu, Kparyjesal, Cpbuja

CAMETAK

YBopa/Linm HoBa knacudukauwja Tymopa rnase 1 spata CeeT-
CKe 34paBCTBeHe opraHusauuje n3 2017. rognHe yHena je 3Ha-
YajHe MpoMeHe, yrnaBHOM Be3aHe 3a peruvjy opodaprHKca.
YBefeHu cy HOBM eHTUTeT! HPV NO3UTUBHMX U HEraTUBHUX
CcKBamoLleNlynapHuX KapLMHOMa, He CaMmo Ha OCHOBY MPUCY-
CTBa aKTMBHE BUPYCHe NHbEKLMje 1 eKCnpecrje pasnnunTx
TYMOPCKIMX Mapkepa Beh 1 360r cBoje pasnmuuTe XMcTonaTo-
norvje, npoLieHe ctagujyma 6onectn n nporHose. CnpoBeAeHa
je peTpocnekTnBHa CTyAMja ca Lubem Aa ce onpean p16 nosm-
TUBHOCT y CKBamMoLlenynapH/M KapLMHOMUMa opodapuHKca
1 YCHe LWYM/bUHE, Kao 1 Kako 61 ce yTBPAMUIO Aa v NOCTOoju
pasnvka mehy pasnuunTMM NONOBKMA U CTAPOCHUM Fpynama.
Mertope MpucycTBo BUpycHe NHGeKLMje je NoTBPhHrBaHO Ha
OCHOBY IMYHOXVCTOXEMUjCKe aHanu3e Ha p16, Koju je Mapkep
33 MHdEKLMjy XyMaHUM BMPYCOM Nanvioma. YBULOM y apXvBy
MaToxuctonoluke nabopatopuje KnuHke 3a OTOPUHONAPUH-
ronorujy n Makcunodauujanty xmpyprujy KnmHuukor LeHTpa

DOI: https://doi.org/10.2298/SARH200731100T

Cpbwuije npernepaHo je 177 cnyyajeBa CKBaMOLIeNynapHuX Kap-
LIMHOMa opodaprHKCa 1 YCHe LWymnibrHe.

Pesynratun Op 177 cnyuajeBa, 50 (28,2%) cnyuajesa je 6uno p16
no3nTMBHO. Y nopehemby ca KapLMHOMIMA YCHE LWYTIbYHE, Kap-
LrHOMM p16 cy 6unmn 3HauajHo Yewhn y opodapurHKcy (34,3%
y opodapuHKcy y nopehetby ca 10,3% y ycHoj wynsbmHm). Kap-
LMHOMU Y 0be peruje cy 6unu yelwhn Kog NpunagHyKa MyLKOr
nona (88,1% cBux cyyajesa 6vnm cy myLuKor nona), anv je p16
No3UTMBHOCT 61a 3HaTHO Yelha Kof »eHcKux 6onecHunka (11
og 21 cnyuyaja, 52,4%). Hajuewwha nokanvsaumja p16 Nno3nTUBHUX
KapuuHoMa 6vnm cy HenyaHu KpajHuum (41,03% KapumnHoma
KpajHuKa 61no je p16 Mo3nTUBHO).

3aKksbyyakK p16 NO3NTUBHM CKBaMoLenynapHu KapLyuHOMM
6unn cy Haj6bpojHMjU Y OpodaprHKCY (TauHMje Yy HenYaHUM
KpajHuuuma) v yewwhm cy 6vnm Kop >keHCKor nona.

KmbyuHe peun: opodaprHKC; ycHa Wyn/bUHa; XyMaHW BUPYC
nanuiomMa; CKBamoLenynapHu KapyuHom
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Comparative analysis of measuring the body
fat percentage by anthropometric methods and
bioimpedance
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'University of Pristina — Kosovska Mitrovica, Faculty of Medicine, Kosovska Mitrovica, Serbia;
2University of Nis, Faculty of Medicine, Nis, Serbia;

3University of Belgrade, Faculty of Medicine, Belgrade, Serbia

SUMMARY

Introduction/Objective Body fat percentage (BFP) is the most reliable indicator of the nutritional status. For
clinical practice, it is important but also insufficiently examined whether the determination of BFP should
be relied exclusively on the latest methods or whether classical anthropometric methods are also reliable.
The aim was to investigate the correlation between the results of BFP measuring using a contemporary
method of bioimpedance and classic methods of skin fold thickness (SFT) and body mass index (BMI).
Method There were 279 patients of the Dietetic Counseling Center of the Institute for Public Health in Nis
who were included in the research during 2015. BFP was determined using three classic anthropometric
methods: SFT over the triceps, SFT over the scapula, and BMI. OMRON BF 302 apparatus was used for
BFP measuring using the bioimpedance method.

Results Using single-factor analysis of variance we found a statistically significant difference between the
mean values of the BFP obtained with bioimpedance and those obtained with anthropometric methods
(F=24.19, p < 0.05). Post hoc analysis revealed a statistically significant difference between the BFP deter-
mined with bioimpedance and SFT over the triceps and the scapula, while the anthropometric method
based on BMI gave the results similar to those from bioimpedance.

Conclusion We show that the most reliable anthropometric method of determination of BFP is that based
on BM|, as its results correlate best with those obtained with a contemporary method of bioimpedance.
Keywords: body fat percentage; BMI; bioimpedance

INTRODUCTION

Body fat percentage (BEP) as a part of the overall
body weight gives the most reliable assessment
of nutritional status [1]. There are several con-
temporary methods of determining BFP: bio-
impedance, hydro densitometry, air-displace-
ment plethysmography, dual-energy X-ray den-
sitometry, computerized tomography, nuclear
magnetic resonance, and near-infrared [2-10].

For this research, we used a bioimpedance
method as non-invasive, relatively simple elec-
trical conductivity method based on tissue
properties to provide resistance to low-intensity
electric current flow. Under the influence of im-
pulses of a low-dose safe alternating current
(800 pA), the cells and tissues provide resis-
tance or an electrical bioimpedance that de-
pends on the tissue structure and the frequency
of the signal used. Therefore, the frequency re-
sponse of the electrical impedance of biological
tissues is greatly under the influence of their
physiological and physicochemical status and
varies from subject to subject. It varies from
tissue to tissue in a particular subject, as well
as with a change in the health status depend-
ing on the physiological and physicochemical
changes, which occur in the tissue. Non-fatty
tissue rich in electrolytes and water (73%) is

a good electrical conductor, whereas fatty tis-
sue poor in electrolytes and water (14%) shows
great resistance and is a weak conductor [2, 3,
4]. The bioimpedance analysis could also be
useful in the planning of physical activity for
overweight/obese children and adolescents
[11]. The coronavirus disease of 2019 (CO-
VID-19) pandemic has showed that the timely
identification and correction of undernutrition
also have the potential to improve outcomes
of the disease cost-effectively. Practical steps
to improve nutritional status at a time when
hospital services are particularly stretched are
also important [12]. The clinical relevance of
the anthropometric data on patients obtained
by the bioimpedance is also confirmed [13].
Contemporary methods of BFP measure-
ments are accurate but also expensive, and the
research question is whether classic methods
based on skin fold thickness (SFT) and on BMI
should be abandoned in a clinical practice.
The aim of this investigation was to exam-
ine the correlation between the results of BFP
measurements obtained with classic anthro-
pometric methods of SFT and BMI and one
contemporary method - bioimpedance. The
working hypothesis of the research was that
some of the classic methods of BFP measure-
ment correlate strongly and positively with the

Received  MpummeHo:
November 21,2018

Revised - PeBusnja:
August 10, 2020

Accepted - MpuxeaheHo:
August 26, 2020

Online first: September 9, 2020

Correspondence to:

Jelena JOVIC

Department of Preventive
Medicine

Faculty of Medicine

Anri Dinana bb

38220 Kosovska Mitrovica, Serbia
jovic.jelena@gmail.com



738

contemporary method of bioimpedance and that it can be
further recommended for clinical practice.

METHODS
Sample

There were 279 patients of the Dietetic Counseling Center
of the Institute for Public Health in Ni§ who were included
in the research during 2015. The inclusion criteria for the
study were the following: age between 18 and 59 years, BMI
greater than 25, and the absence of chronic illnesses. This in-
formation was obtained from the patients’ medical records.

Body fat percentage measurements

Body height and body weight and SFT over the triceps and
the scapula were measured. The SFT was determined us-
ing a mechanical caliper (John Bull British Indicators Ltd).
Also, BFP was determined in all the examinees using the
OMRON BF 302 apparatus (OMRON Healthcare Co., Ltd.,
Kyoto, Japan) based on bioimpedance. Trained personnel
performed all measurements three times and the mean val-
ues were calculated. The examinees were advised not to
drink diuretics seven days before the measurement, not to
drink alcoholic drinks two days prior to measurements, not
to exercise intensively 24 hours prior to measurements, and
not to drink any fluids four hours before the measurements.

The BFP determination using classic anthropometric
measurements was calculated in three ways: 1) based on
SET over the triceps; 2) based on SFT over the scapula, and
3) based on the BMI. For these three methods, we used the
following formulas:

1) D1 = 1.0923 - 0.0202 x SFT; F1 = (4.201 / D1 - 3.813)
x 100 [1]

SFT, - skin fold thickness over triceps;

D1 - specific body density based on Sty;

F1 - BFP based on D1;

2) D2 =1.089 - 0.0179 x SFT; F2 = (4.201 / D2 - 3.813)
x 100 [1]

SET - skin fold thickness over the scapula;

D2 - specific body density based on SFTs;

F2 - BFP based on D2;

3) BMI is calculated using the following formula:
BMI = weight (kg) / [height (m)]?
F3 =12 xBMI + 0.23 x years - 10.8 x sex - 5.4
(male = 1; female = 0) [14]
F3 - BFP based on BMI;

The measurement of BFP using the bioimpedance
method was carried out with the OMRON BF 302 instru-
ment, which performs measurements on the upper body.
Before measurements were taken, data on a patient’s body
height, body weight, age, and sex were entered. The device
is held with extended arms at an angle of 90° in relation to
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the body. The elbows are held straight, and the body is not
moved during the measurement. The ring finger and little
tinger are laid around the lower part of the electrode and
the middle finger around the dents on the holder between
the electrodes. With the thumb and forefinger, a patient
tirmly tightens the upper part of the electrode.

After taking the right position, a patient tightens the
electrodes firmly with hands. The measurement takes
about 20 seconds. The BFP value is seen on the display
of the device. To each patient it was precisely explained
how to stand and to hold the device properly. All the pa-
tients were informed about the nature of the study and
were asked to sign a written consent form. They had the
opportunity to end the monitoring at any time. The au-
thors also followed the latest version of the Declaration
of Helsinki given by the World Medical Association and
the study was done in accordance with standards of the
institutional committee on ethics (Ethics Committee of
the Public Health Institute, Ni$; No. 12-3785/5).

Statistical methods

The primary data were analyzed by descriptive statistical
methods, methods for testing the difference of mean val-
ues, and the method for determining the correlation be-
tween variables. From the descriptive statistical methods,
the measure of central tendency (mean) and measurement
of variability (standard deviation) were used. To test the
difference in numerical data, Student’s t-test and ANOVA
repeated measurements were used with the Bonferroni post
hoc analysis. For the correlation of the tested values, the
Spearman’s coefficient of correlation was used. Statistical
hypotheses were tested at a significance level of 0.05.

RESULTS

There were 279 participants included in the research [159
(57%) females and 120 (43%) males]. The average age was
36.09 + 14.26 years.

Men had higher body mass and body height than
women. Concerning anthropometric indexes, women had
higher BFP than men (Table 1).

Using one-way ANOVA for repeated measurements, we
determined a statistically significant difference between the
mean values of fat percentage obtained by bioimpedance
and three anthropometric methods [F (24.19), p < 0.05].
By a further post hoc analysis, we found that there was a
statistically significant difference between the percentage
of fat determined by bioimpedance and indexes F1 and F2.
There was no statistically significant difference between
the values of F1 and F2. Also, there were no statistically
significant differences between the percentage of fat deter-
mined by bioimpedance and index F3 (Table 2).

All the correlation coefficients between the BFP ob-
tained by bioimpedance and other measurements by in-
dexes F1, F2, and F3 were positive and significant. The
strongest correlation was between index F3 and bioimped-
ance in both sexes (Table 3).
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Table 1. Anthropometric indicators of examinees related to the sex (mean value +

standard deviation)

Table 4. Correlation (Spearman-Brown correlation
coefficient) between body fat percentage based on

o | - - bioimpedance and anthropometric indicators in rela-
- ole sample en ‘omen tion to age
Characteristics (n = 279) (n=120) (n=159) t p e] n
ge
R Method
Body hma.ssh(kg) 88.65+15.96 | 96.37 +13.80 | 82.89+ 15.03 | -8.311 | <0.05 18-25 26-35 36-45 > 46
+ + + -
Body height (m) 1.68+0.1 1.75+0.09 1.63 +0.07 1248 | <0.05 1 0676* | 0710¢ | 0419% | 0.667*
BMI 31.35+4.54 | 31.68+3.76 31.1£5.06 | -1.54 | 0.297 = 0615* 0631 0.433* 0676
1 0,
Bio (%) 31.78+7.57 | 28.84+7.01 | 33.99+7.23 | 11.05 | <0.05 F3 0429 0851* 0.618* 0.731*
F1 (%) 39.06 +26.59 | 32.23 +£20.76 | 44.22 +29.28 | 4.09 | <0.05 - -
F1 - percentage of fat in the body determined based on
F2 (%) 4144 £23.91 | 40.22 +£23.59 | 42.36 +24.19 | 0.52 | 0433 SFT over the triceps; F2 — percentage of fat in the body
F3 (%) 32.88 +9.04 295+ 6.26 3558+842 | 12.88 | <0.05 determined based on SFT over the scapula; F3 - percentage

of fat in the body based on body mass index;

BMI - body mass index; Bio — percentage of fat determined by bioimpedance; F1 - percentage

*a value of p < 0.05 was considered statistically significant

of fat in the body determined based on SFT over the triceps; F2 — percentage of fat in the body
determined based on SFT over the scapula; F3 - percentage of fat in the body based on body

mass index

Table 2. Difference between mean values of the body fat percentage
based on bioimpedance (Bio) and those based on the anthropometric

indicators
Method Method p

F1 <0.05

Bio F2 <0.05
F3 0.09

1 F2 0.34
F3 <0.05

F2 F3 <0.05

One-way ANOVA for repeated measurements, post hoc Bonferroni method;

F1 - percentage of fat in the body determined based on SFT over the triceps;
F2 - percentage of fat in the body determined based on SFT over the scapula;
F3 - percentage of fat in the body based on body mass index

Table 3. Correlation (Spearman-Brown correlation coefficient) be-
tween body fat percentage based on bioimpedance and anthropo-

metric indicators in relation to sex

werod | Welessole [ Wer | ones
F1 0.658* 0.654* 0.659*
F2 0.642* 0.638* 0.646*
F3 0.701* 0.682* 0.726*

F1 - percentage of fat in the body determined based on SFT over the triceps;
F2 - percentage of fat in the body determined based on SFT over the scapula;
F3 - percentage of fat in the body based on body mass index;

*a value of p < 0.05 was considered statistically significant

The correlation analysis in relation to age showed that all
BEP determined by bioimpedance and anthropometrics were
significantly and positively related. At the age of 18-25 years,
the strongest correlation is between the BFP determined by
bioimpedance and the F1 index (BFP based on SFT over
triceps). In all other age groups, the strongest correlation was

between BFP based on bioimpedance and BMI (Table 4).

Correlation analysis stratified in relation to BMI showed
a significant positive correlation between the BFP based on
bioimpedance and three used indexes with the exception
of the F2 index for BMI > 35 (our measurement of skin
thickness may not have been precise enough due to the
large amount of fat tissue above the scapula). In the group
of the examinees whose BMI is in the range 30-34.9, the
strongest correlation was between BEP based on bioimped-
ance and the F1 index. However, this connection is weak.
In the other two groups, the correlation of BFP based on
bioimpedance and the F3 index is the strongest, and this
is a strong association (Table 5).
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Table 5. Correlation (Spearman-Brown correlation coefficient) be-
tween body fat percentage based on bioimpedance and anthropo-
metric indicators in relation to body mass index

BMI
Method
25-29.9 30-34.9 >35
F1 0.558* 0.391* 0.541*
F2 0.465* 0.272* 0.222
F3 0.610* 0.285* 0.676*

F1 - percent of fats in the body determined based on SFT over the triceps;

F2 - percentage of fat in the body determined based on SFT over the scapula;
F3 - percentage of fat in the body based on body mass index; BMI - body
mass index;

*a value of p < 0.05 was considered statistically significant

DISCUSSION

In our research, we show that the most appropriate an-
thropometric method for BFP measurement is based on
BMI, because it gives the closest results and it correlates
best with the modern bioimpedance method.

Today, in clinical practice and in scientific research,
BMI and different indexes for determining BFP are used,
but the World Health Organization officially recommends
only BMI as the anthropometric method of BFP deter-
mination [15]. Some countries have developed their own
standards N1, N2 [16, 17, 18]. However, there are short-
comings of this method that have been proven in various
studies [19, 20, 21]. That is why there is a need to use some
other anthropometric method of BFP determination, to-
gether with BMI. However, there is a problem in how to
choose the appropriate index. The practice that has been
proven as successful is that each country should determine
the combination of indexes for BFP. It seems that body fat
distribution may be country- or nation-specific [17, 22].
In our research, we compared different anthropometric
indicators and, to our knowledge, the results presented
here are the first of their kind in Serbia.

From all indexes which follow the percentage of fat in the
body the highest mean value in the sample was determined
using index based on SFT, whereas the lowest percentage
of fat was determined using the bioimpedance method,
and this method showed the lowest standard deviation. It
indicates that this index was the most stable throughout the
entire research. However, the method based on BMI has
also a small standard deviation, which is also in favor of its
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stability throughout the measurements. These results are
similar to the findings of previous studies that showed that
the calculation of BFP based on SFT was error-prone and
with considerable variation across age, sex, and ethnicity [23].
High standard deviations with indexes based on SFT and b
on SFT, speak about the insufficient precision of the method.

Earlier research demonstrated a good correlation be-
tween BMI and BFP calculated or measured by different
methods [24]. Nevertheless, some inconsistencies were
found, most likely due to the fact that the calculation of
BMI does not include age and sex. However, BFP based on
BMI in our study takes into account sex and age [25, 26].

Due to this, it is highly expected that the strong correla-
tion between the results of BFP measurer using bioimpedance
and index based on BMI was found in the whole sample but
also according to sex and in different age and BMI categories.

That is why the method of determining BFP using BMI
can be recommended in both epidemiological studies and
clinical practice. This is important since there is limited ac-
cess to the advanced methods of BFP measuring in Serbia
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CONCLUSION

The only anthropometric method of BFP measurement
suitable for clinical practice and research is the one based
on BMI because its results strongly correlate with the re-
sults based on the bioimpedance method. Anthropometric
methods based on SFT over the triceps and the scapula
significantly vary in the results from the method of bio-
impedance and they are of low precision.
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YnopepgHa aHanu3a oapehuBatba NPOLLEHTa MACTU Y Te/ly aHTPOMOMETPUjCKUM

MeTogama U buoumnegaHLOM

Jenera Jouh', Anekcanpap hopau', Maja Hukonuh?, Janujena Unuh', Anekcangpa Unuh', TopaH benojesuih?
'YHugep3utet y MpuiwTny — KocoBcka Mutposuua, MeguumHckn dakyntet, Kococka Mutposuua, Cpbuja;

2YHuBep3auTeT y Huwy, MegnumHckmn dakyntet, Huw, Cpbuja;
3YHneep3uTet y beorpagy, MeguunHcku pakyntet, beorpag, Cpbuja

CAXETAK

YBoa/Llum lMpoueHaT MacTu y Teny je Hajnoy3faHunju noka-
3aTesb CTeneHa yXpareHOCTU. 3a KIIMHUYKY NPaKCy BaXKHO je
anu 1 He[lOBOJbHO NCMUTAHO Aa in ce y oapehmrBarby NpoLeHTa
TenecHe MacTu Tpeba ocnamaTyi UCKIbyUYMBO Ha HajcaBpeme-
Huje MeTofe UK Cy Noy3faHe 1 KnacMyHe aHTPOMOMeTpujcKe
meTope.

Linms nctpaxuatba 610 je aa ce ucnuta kopenauuja usmeby pe-
3y/TaTta Mepera NpoLeHTa MacTy y Teny CaBpemMeHOM METOAOM
610eNeKTPrYHE MMeAaHLE U KNaCcUUYHM aHTPOMOMETPUCKM
mMeTofjaMa febsbriHe KoxXHor Habopa (JKH) u nHpekca TenecHe
mace (UTM).

MeTtope Y uctpaxmsatbe je ykibyyeHo 279 naumjeHata Case-
TOBaSIMLUTA 3a ANjeTeTUKy y IHCTUTYTY 3a jaBHO 3apassbe Hulw
ToKoMm 2015. roguHe. lMpoueHaT TenecHe MacTy KNacuyHUM
QHTPOMOMETPUjCKUM MepetrbiMa ofpeheH je Ha TpM HaunHa:
Ha ocHoBy [IKH Hapg Tpmuencom; Ha ocHoBy [1IKH Hap ckanynom
1 Ha ocHoBy VITM. Takohe cBM ncnUTaHULMMA je anapaTom
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OMPOH B® 302 Ha 6a3u 6ronmnegaHue ogpeheH npoweHaTt
TenecHe MacTu.

Pe3yntaTtu JegHohaKTOPCKOM aHaNM30M BapujaHCe NMOHOBbe-
HUX MepeHba yTBphHEeHa je CTaTUCTUYKY 3HauajHa pa3nvka nmehy
CpefbuX BPeLHOCTM NPOoLeHTa MacTu JobujeHUx buommne-
JaHLoM 1 nomohy Tpy aHTponomeTtpujcke Metoae (F (24,19),
p < 0,05). larbom post hoc aHanu3om yTBPAMIN CMO fia MOCTOju1
CTaTUCTMYKM 3HaYajHa pasnnka n3mehy npoueHTa mactu og-
pebeHor 6rovmneaaHLomM 1 Ha ocHoBy [IKH Hag TpuLiencom un
Haj CKamysioM, AOK aHTPONOMeTpujCcKa MeTofaa Ha ocHoBy TM
[Jaje pe3ynTate CMyHe pesynTatma briommneaaHue.
3aK/byyak Y Hallem NCTpaxmBatkby NOKa3anm CMO Aa je 3a of-
pehuBare NpoLeHTa MacTy HajrpenopyYbMBija aHTPOMOMe-
Tpujcka MeTofa OHa Ha ocHoBy VITM, jep Haj6osbe Kopenvpa ca
CaBpeMeHOM METOAOM GroumnesaHLe.

KrbyuHe peum: npoLieHaT MacHOT TKBa; MHAEKC TeNecHe Mace;
6uovimneaHLa
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(SarQol®) questionnaire
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SUMMARY

Introduction/Objective The Sarcopenia Quality of Life (SarQoL®) questionnaire is a patient-reported
outcome measure specific to sarcopenia.

The objective was to translate the SarQoL® questionnaire from English into Serbian and to investigate
its psychometric performance.

Methods A five-stage forward-backward methodology with pre-test was used to translate the question-
naire. The validation sample in this study consisted of elderly, community-dwelling volunteers of both
sexes. Three methods were used to screen for and diagnose sarcopenia: the SARC-F questionnaire (high/
low risk), low handgrip strength [probable sarcopenia in the European Working Group on Sarcopenia
in Older People (EWGSOP?2) algorithm], and the complete ENGSOP?2 criteria. We investigated the ques-
tionnaire’s discriminative power, internal consistency, construct validity, and floor and ceiling effects.
Results The SarQoL® questionnaire was translated into Serbian. The validation study included 699 par-
ticipants. In total, 200 participants were considered to be at high risk of sarcopenia by the SARC-F, 84
were diagnosed with low handgrip strength and 12 were confirmed to be sarcopenic. We did not find
significantly lower overall QoL scores using the EWGSOP2 criteria (60.31 vs. 64.60; p = 0.155). We did
find lower scores for the probably sarcopenic group (52.80 vs. 65.50; p < 0.001) and the high-risk group
(50.91 vs. 69.02; p < 0.001). The Cronbach’s a coefficient was 0.87, indicating a high internal consistency.
Construct validity was adequate, with 75% of hypotheses on expected correlations with the SF-36 and
EQ-5D questionnaires confirmed. No floor or ceiling effects were observed.

Conclusion We successfully translated the SarQoL® into Serbian, and showed that it is a valid tool for
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measuring QoL in the community-dwelling elderly.
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INTRODUCTION

In 2010 the European Working Group on Sar-
copenia in Older People (EWGSOP) presented
its consensus definition for sarcopenia [1], and
in 2019, they revised their criteria (EWGSOP2)
and stated that, “Sarcopenia is a progressive and
generalized skeletal muscle disorder that is as-
sociated with increased likelihood of adverse
outcomes including falls, fractures, physical dis-
ability and mortality” [2]. Sarcopenia is associ-
ated with morbidity and mortality from linked
physical disability, as well as with adverse out-
comes including frailty, falls and fractures, poor
quality of life, depression and hospitalization
[3]. In the European context, the EWGSOP2
(which updates the 2010 EWGSOP criteria) are
the most widely accepted. Reported prevalence
rates of sarcopenia vary greatly due to differing
definitions, tools of diagnosis, and patient popu-
lations [4]. Globally, the population share aged
65 years or over increased from 6% in 1990 to
9% in 2019. That proportion is projected to rise

further to 16% by 2050, so that one in six people
in the world will be aged 65 years or over [5, 6].
Even with a conservative estimate of prevalence,
sarcopenia affects more than 50 million people
today and will affect over 200 million in the next
40 years [2]. Serbia has one of the largest elderly
population segments in the world. The popula-
tion share of aged 65 and over is 19.4%, while
the aging index (population aged 60 years and
over as a proportion of those aged 0-19 years)
equaled 114.3 % [7, 8].

Until 2015, researchers only had generic
questionnaires, such as the SF-36, available to
assess the quality of life of sarcopenic patients.
These questionnaires are designed for use in
broad populations and may thus not be sensi-
tive enough to accurately measure the quality
of life in sarcopenic populations [9]. To ad-
dress this problem, Beaudart et al. [10] devel-
oped the Sarcopenia Quality of Life (SarQoL®)
questionnaire. The SarQoL® questionnaire is
a non-diagnostic instrument but a patient-re-
ported outcome measure specific to sarcopenia.
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The SarQoL® questionnaire consists of 22 questions in-
corporating 55 items, which fall into seven domains of
health-related quality of life. These domains are “Physical
and Mental Health,” “Locomotion,” “Body Composition,”
“Functionality;” “Activities of Daily Living,” “Leisure activi-
ties,” and “Fears”. Each domain is scored from 0 to 100, and
an Overall QoL score is calculated. The questionnaire is
auto-administered and takes 10 min to complete [10]. The
questionnaire is available in 30 languages and can be found
on its webpage [11]. The psychometric properties of the
SarQoL* have already been demonstrated [12] and it has
been validated for several languages such as English [13],
Romanian [14], Hungarian [15], Polish [16], Greek [17],
Dutch [18], Spanish [19], Lithuanian [20] and Russian
[21], but so far, the SarQoL°® was not available in Serbian.

To ensure the usability and cultural suitability of the
questionnaire, it is necessary to involve the target popula-
tion in the translation process, with the aim of maximizing
compatibility, improving quality and completeness and
adaptation to cultural differences. The objective of this
study was to translate the SarQoL® questionnaire into Ser-
bian language and to investigate the discriminative power,
construct validity, internal consistency and presence of
floor or ceiling effects.

METHODS

The translation of the SarQoL® questionnaire into Serbian
was performed according to the translation guidelines for-
mulated by Beaton et al. [22]. Five different phases were
followed. First, there were two initial independent transla-
tions from English into Serbian by professional translators,
both Serbian native speakers. In phase two, the synthesis of
the two translations was done to provide a single “first ver-
sion” of the translated questionnaire. Next phase included
the backward translation by two independent translators,
unfamiliar with the original English version. The expert
committee was established, and it included four translators,
one Serbian and one English linguist. They reviewed and
compared the back translations with the original question-
naire and consent was given for the “second version” of the
translated questionnaire in phase four. In the last phase, the
“second version” of the questionnaire was administered to
25, older, community-dwelling subjects from both genders,
who afterwards gave their feedback about the comprehen-
sibility of and the language used in the questionnaire as
well as any cultural issues present in the questionnaire’s
questions. That information was included in the “final ver-
sion” of the Serbian SarQoL°®.

The sample in this study consisted of community dwell-
ing volunteers of both sexes, recruited through Pensioners’
association of Novi Sad, Serbia, from March to June 2019.
Inclusion criteria were 65 years of age or older, native Serbi-
an speaker, and able to understand and complete the study
related questionnaires. Participants were excluded if they
were immobilized, had an amputated limb, suffered from
an unstable chronic and/or severe medical disease, or from
any neuropsychiatric disorder that could influence their
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collaboration. All procedures performed in studies were in
accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Hel-
sinki declaration and its later amendments or comparable
ethical standards. Written informed consent was obtained
from all individual participants included in the study.

We used three different ways to screen and diagnose
sarcopenia. SARC-F questionnaire was used for quick
screening and rapid diagnosis, hand grip strength (HGS)
has been used as important index of low muscle strength
and EWGSOP2 criteria were used to diagnose sarcopenia.

Osteodensitometry provided data of appendicular skel-
etal mass, representing the sum of lean mass at upper and
lower limbs and when divided with height squared, is used
to obtain skeletal muscle index. Patients were considered to
have low muscle mass when the appendicular skeletal mass
was < 15 kg in women and < 20 kg in men, or the skeletal
muscle index was < 5.5 kg/m? in women and < 7.0 kg/m*
in men [2]. In this study we used GE Healthcare Lunar
iDXA (GE Healthcare, Chicago, IL, USA).

Malmstrom and Morley [23] developed a questionnaire
called SARC-F simple, secure and inexpensive screening
tools with good performance convenient and helpful to the
medical staff to screen patients for sarcopenia. The ques-
tionnaire comprises of five questions about strength, as-
sistance in walking, rising from a chair, climbing stair and
falls. Each component is given 0-2 points; a total score of
the questionnaire is between 0 and 10 points, with score> 4
points is reported to be predictive of sarcopenia [3]. Previ-
ous investigations on the diagnostic accuracy of the SARC-
F questionnaire for sarcopenia diagnosed with the EWG-
SOP2 criteria have shown that this tool possesses moderate
to high sensitivity and specificity. A meta-analysis based on
four studies found a sensitivity of 77% (95% CI: 49-92%)
and a specificity of 63% (95% CI: 43-79%) [24].

The Sammons Preston Jamar hydraulic hand dynamom-
eter (Patterson Companies, Patterson Medical Supply Inc.,
St Paul, MN, USA) was used as method for muscle strength
measurement. Participants were seated in a standard chair,
six measures were taken, tree with each arm and the high-
est result of both hands is reported as the final value [25].
Low muscle strength was defined as grip strength values
of < 16 kg for women and < 27 kg for men [2].

Physical performance was evaluated with usual gait
speed on a four-meter track as part of Short Physical Per-
formance Battery test. Values under < 0.8 m/s of gait speed
were used as the threshold for identifying low gait speed
and poor physical performance [2].

Besides the SarQoL-Srb®, two other questionnaires were
administrated to the population, the SF-36 questionnaire
and The European Quality of Life 5-Dimension-3 Level
questionnaire.

We validated the psychometric properties of the Sar-
QoL-Srb® by assessing its discriminative power, internal
consistency, and potential floor and ceiling effects, fol-
lowed by determination of the construct validity accord-
ing to recommendations proposed by Terwee et al. [26].

The SarQoL*® questionnaire is an instrument designed
specifically for the purposes of the sarcopenic population
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with its discriminative power, and as such should have the
ability to differentiate between sarcopenic and nonsarco-
penic subjects on the overall quality of life score. Internal
consistency, a measure of the questionnaire’s homogeneity,
was assessed with the Cronbach’s a coefficient. By deleting
one domain at a time, each domain’s impact on the inter-
nal consistency of the questionnaire was also considered.
The correlation of each domain with the total score of the
SarQoL-Srb® was also assessed using Pearson’s correlations,
and using Pearson’s or Spearman’s correlations in func-
tion of the score distributions [27]. The construct validity
examines whether the questionnaire really measures the
construct it claims to measure. We evaluated hypotheses
on the expected correlations between SarQoL® and simi-
lar or different domains of the other two questionnaires.
For the convergent validity, the hypotheses for this study
are that strong correlations will be found between the
Overall score of the Serbian SarQoL® questionnaire and
the domains “Physical Functioning,” “Vitality, and “Role
Limitation due to Physical Problems” of the SF-36; as
well as between the Overall score of the Serbian SarQoL®
questionnaire and the Utility Index of the EQ-5D. Diver-
gent validity examines correlations between the SarQoL’
questionnaire and domains of other questionnaires that
should, in theory, be different. The hypotheses are that
weak correlations will be found between the Overall score
of the Serbian SarQoL°® questionnaire and the domains
“Mental Health” and “Role Limitation due to Emotional
Problems” of the SF-36 questionnaire. We also expected

Table 1. Descriptive data of the sample

Matijevi¢ R. et al.

to find weak correlations between the Overall score of the
Serbian SarQoL® questionnaire and the questions related
to Self-Care and Anxiety/Depression of the EQ-5D. The
questionnaire possesses good construct validity if at least
75% of the hypotheses are confirmed [26]. Floor and ceil-
ing effects are observed when more than 15% of respon-
dents obtain either the highest score (ceiling effect) or the
lowest score (floor effect) possible.

All analyses described here were performed using Py-
thon 3.6 (Python Software Foundation, Wilmington, DE,
USA) and R 3.0.1 (R Core Team, Vienna, Austria) program-
ming languages, with a level of significance of a = 0.05.

RESULTS

Initially, 700 participants were included in study, but one
withdrew informed consent so 699 subjects were screened
for sarcopenia. The median age was 70 (67-74) years, the
sample consisted of 191 male participants (27.3%), and 508
were female (72.7%). A total of 12 patients were diagnosed
as sarcopenic as they fulfilled the criteria for sarcopenia
according to the EWGSOP?2 definition.

In our study group, sarcopenic subjects were significant-
ly older and had a lower BMI compared to non-sarcopenic
individuals 76 (72-80.25) vs. 70 (67-74) years (p = 0.004)
and 29.55 (26.25-32.55) vs. 26.60 (24.83-28.84) kg/m?
(p =0.014). The complete clinical characteristics are shown
in Table 1.

Parameters All (n = 699) No sarcopenia (n = 687) Sarcopenia (n = 12) p-value
Age (years) 70 (67-74) 70 (67-74) 76 (72-80.25) 0.004
Gender 0.855
Women 508 (72.7) 499 (72.6) 9 (75)
Men 191 (27.3) 188 (27.4) 3(25)
Marital formal status 0.051
Single 43 (6.2) 43 (6.3) 0(0)
Married 356 (51.4) 354 (51.5) 2(16.7)
Relationship 17 (2.4) 17 (2.5) 0(0)
Divorced 53(7.6) 51(7.4) 2(16.7)
Widowed 230(32.9) 222 (32.3) 8(66.7)
Educational status 0.861
Primary education (4 years) 26 (3.7) 26 (3.8) 0(0)
Elementary education (8 years) 155 (22.2) 153 (22.3) 2(16.7)
Secondary education 355 (50.8) 349 (50.8) 6 (50)
Higher education 144 (20.6) 140 (20.4) 4(33.3)
Master’s degree 9(1.3) 9(1.3) 0(0)
PhD 10(1.4) 10 (1.5) 0(0)
Smoker 0.882
No 632 (90.4) 621 (90.4) 11(91.7)
Yes 67 (9.6) 66 (9.6) 1(8.3)
Body Mass Index 29.41 (26.2-32.38) 29.55 (26.25-32.55) 26.60 (24.83-28.84) 0.014
Mini-Mental State Exam 29 (26-29.75) 29 (26-30) 28 (26-29) 0.326
Gait speed 0.83£0.24 0.83 £0.24 0.60 + 0.26 0.081
Grip strength 24.5(19-30) 25 (20-31) 12 (10-14) <0.001
Appendicular skeletal mass 18.67 (16.25-22.02) 18.70 (16.38-22.18) 14.38 (13.19-14.93) < 0.001

Notes: Values are expressed as median (25-75%) for quantitative variables that did not follow a normal distribution and frequencies (percentages) for the

categorical variables
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Table 2. Discriminative power of the SarQoL-Srb®

Tests EWGSOP2 SARC-F Grip strength

Parameters No sarcopenia | Sarcopenia pa Low risk High risk = Normal Low pa
N 687 12 499 200 614 85
r?qunPtZYﬂgg:tind (54.4?5;572.97) (49:35l5731.13) 0.136 (59.5732%%.53) (45.2562;25%.62) <0.001 (55.5636l%31.56) (44.:35;56:;.87) <0001
D2: Locomotion | (47 "% co) | a3 75-8056)| °%53 | (s0.9992) | (44275833 | ©90 | (47.5-65.89) | aaaas111)| 0013
cDjr:an%?i/tion (54.167626779.17) (44.;9823632.50) 0.104 (58.373;%33.33) (45.5:;1676.67) <0.001 (54.1676;6779.17) (55§i3735) <0.001
D4: Functionality | (o, 60°% o1) | a3.08-62.37) | 9136 | (67.31-87.50) | (45.7-61.50)| 0% | (6049-83.93) | 46.15-73.08) | <°%"
D5: Daily activities (486.;36—775) (44.815—561.67) 0.059 (58.3636i67;.33) (36.674—556.67) <0.001 (516.2%3—375) (38:2;2?;.67) <0.001
D6:Leisure actvities | (33 3000 c0) | 50 00-54.03) | 07 | (3355 66.50) | (16.69.3325) | %01 | (3325 66:50) | (16.60-49.88) | 00
D7: Fears (87.2357(55(1)00) (727—.1580) 0.259 (87.51(())—0100) (758—75320) <0.001 (87?570.5(1)00) (7857—'1580) <0001
Overall score (5499.7450) | (14.45-6885)| ©155 | (61.08.77.98) | 4476.97.01)| <091 | (5501 75.25) | (4571 66:17)| <000
2All p-values were obtained with Mann-Whitney U-test for independent samples

Discriminative power Construct validity

Sarcopenic subjects by EWGSOP2 have reported slightly
lower global quality of life scores compared to non-sarco-
penic subjects (60.31 (44.48-68.85) vs. 64.60 (54.93-74.50),
p = 0.155). The domains of physical and mental health,
locomotion, functionality and daily activities were also
scored lower in sarcopenic subjects compared to non-
sarcopenic ones (Table 2).

SARC-F divided the study group to 200 subjects (28.6%)
who were at high risk of sarcopenia, and their quality of life
was significantly reduced in SarQoL° (69.02 (61.94-77.98)
vs.50.91 (44.76-57.01) p < 0.001) and they scored signifi-
cantly lower in all domains when compared to subjects
with low risk for sarcopenia (Table 2).

When the sample was divided into those with low grip
strength versus those with normal grip strength, we had
85 subjects (12.1%) with low grip strength. They had
significantly lower global quality of life in SarQoL® (65.5
(56.01-75.25) vs. 52.8 (45.71-66.17) p < 0.001) and all do-
mains were scored significantly lower comparing to group
with normal grip strength (Table 2).

Internal consistency

The Cronbach’s a of the Serbian version of the SarQoL® was
0.87, indicating a high internal consistency. Deleting the
domains one at the time, led to Cronbach’s a values varying
between 0.83 (when deleting the domain four “Function-
ality”) and 0.89 (for the domain six “Leisure activities”).
When comparing each domain with the SarQoL° total
score, a significant positive correlation for all domains
was observed with values ranging from good (0.41, D6 -
leisure activities) to excellent (0.92, D4 - functionality) as
shown in Table 3.
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The results of construct validity are available in Table 4.
As expected, strong/good correlations were found between
the SarQoL® and some domains of the SF-36 questionnaire
which were supposed to have similar dimensions such as
physical functioning (SF-36-PF and role limitation due to
physical problems (SF-36-RLPP as well as with the utility
score of the EQ-5D questionnaire) and the questions of
the EQ-5D questionnaire related to mobility and usual ac-
tivities. There are four hypotheses for convergent validity,
each being that there are moderate to strong correlations

Table 3. Intercorrelations between the Serbian SarQoL® questionnaire
total and domains scores (n = 699)

Activities | D1 D2 | D3 | D4 | D5 | D6 | D7 |Overall
Rho | Rho | Rho | Rho | Rho | Rho | Rho | Rho

D1 1

D2 043" | 1

D3 0.69 | 034" | 1

D4 0.75" 042" | 058" | 1

D5 0.7" | 041" 0.53"| 0.77° | 1

D6 0.29"(0.11" | 0.27° ] 037" | 0.34" | 1

D7 0.54" | 0.29" | 041" | 0.55" | 0.50" | 0.27" | 1

Overall 0.85" | 0.57" | 0.68 | 0.92" | 0.90" | 0.41" | 0.60 1

*Correlation is significant at the 0.05 level (two tailed);
D1 - physical and mental health; D2 - locomotion; D3 - body composition;
D4 - functionality; D5 - daily activities; D6 - Leisure activities; D7 - Fears

Table 4. Construct validity (n = 699)

Convergent validity Rho p
SF-36 Physical functioning 0.760 0.002
SF-36 Role limitation due to physical problems | 0.637 0.001
SF-36 Vitality 0.656 | 0.005
EQ-5D Index score 0.589 | <0.001
Divergent validity

SF-36 Role limitation due to emotional problems | 0.490 | <0.001
SF-36 Mental health 0.474 | <0.001
EQ-5D Anxiety -0.332 | <0.001
EQ-5D Self care -0.332 | <0.001
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expected between SarQoL overall score and SF-36-PF, SF-
36-VIT, SF-36-RLPP and the EQ-5D-UI. All of the men-
tioned correlations are strong as is shown by the values in
Table 4. The hypotheses for divergent validity claim that
we expect weak or no correlations between SarQol Overall
score and SF-36-MH, SF-36RLEP, EQ-5D-SC and EQ-5D-
AD. Out of these four correlations, two are relatively weak,
with the two EQ-5D items, and the remaining two (MH
and RLEP) show moderate strength in the correlation. The
two positive correlations go against the hypotheses, leaving
75% of the hypotheses confirmed, which is incidentally the
cut-off used to evaluate construct validity. Considering
these results, we can conclude that SarQol-Srb® has had
its construct validity confirmed.

Floor and ceiling effects

No subjects presented with the lowest score to the ques-
tionnaire (0 points) or the maximum score (100 points)
on the overall QoL score of the Serbian SarQoL*® question-
naire. Therefore, neither floor or ceiling effects were found
for the questionnaire.

DISCUSSION

The SarQoL® is the first quality of life questionnaire
specifically developed for sarcopenia. The present study was
conducted following a standardized validation protocol as
advised by the creators of the original SarQoL® question-
naire. The transcultural adaptation resulted in a valid Ser-
bian version, psychometrically matched with the original
version. Its high internal consistency, and construct validity
certifies the measurement quality of the translated version.
A meticulous methodology was used, providing protection
against subjectivity in the translation and assuring equiva-
lence between the original English SarQoL® questionnaire
and the Serbian translation. The time required to complete
the Serbian SarQoL* was between 10 and 20 minutes, longer
than the time reported by Beaudart et al. [13].

We enlisted a reasonably adequate cohort of older in-
dividuals for screening hoping to collect a representative
sample of people with sarcopenia but out of 699 subjects,
we had only 12 with sarcopenia as diagnosed with the
EWGSOP?2 criteria. Our hypothesis to explain very low
prevalence of sarcopenia is that those who applied to par-
ticipate in the study may be from a more physically and
psychologically active group who tend to also take part in
activities like hiking, dancing and other social events, orga-
nized medical check-ups, in their pensioners’ association.
This means that the study participant selection may have
introduced a bias and focused on the healthier section of
population. In our study group, sarcopenic subjects were
significantly older and had a lower BMI compared to non-
sarcopenic individuals and there was a higher proportion
of widows/widowers in the sarcopenic group.

In the analysis of discriminative power, when HGS and
SARC-F questionnaire were used, all domains and overall
quality of life had lower results with significant p-values.

‘ DOI: https://doi.org/10.2298/SARH200924114M
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Our analysis showed that when the EWGSOP2 criteria were
applied, sarcopenic subjects reported a slightly lower global
quality of life compared to non-sarcopenic subjects in the
Serbian SarQoL* total score. The domains of D1-physical
and mental health, D3-body composition, D4-functionality
and D5- activities of daily living were also lower scored in
sarcopenic subjects compared to non-sarcopenic ones. We
found no differences for D2-locomotion, same as Fabrega-
Cuadros et al. [19] in the Spanish SarQoL® validation, in D6
— Leisure activities as Gasparik et al. [14] in the Romanian
validation, and also in D7-Fears. Differences found when
sample was divided on a basis of HGS and SARC-F might be
due to larger groups. We had just 12 subjects with all EWG-
SOP2 criteria in regard to 200 subjects with high risk for sar-
copenia based on SARC-F score and 85 with low hand grip.
The diagnostic performance of the SARC-F in this sample
is not in line with what has previously been reported about
its sensitivity and specificity. We do not have an explanation
for this phenomenon in this specific sample, and we think
that a diagnostic accuracy study of the SARC-F in a Serbian
population should be performed in the near future [28].

The Cronbach’s a coefficient of the Serbian version of
the SarQoL* was 0.87, indicating a high internal consis-
tency. Deleting the domains one at the time, led to Cron-
bach’s a values varying between 0.83 (when deleting the
domain 4 “Functionality”) and 0.89 (for the domain 6
“Leisure activities”). When comparing each domain with
the SarQoL" total score), a significant positive correlation
for all domains was observed with values ranging from
good (0.41, D6 - leisure activities) to excellent (0.92, D4 -
functionality). The specificity of the Serbian version of the
SarQol survey is that it shows a strong positive correlation
of the domain D7-Fears. The correlation can be attributed
to the unstable political and economic environment which
has led to a fall in the quality of social and health services
provided. The fall is especially prevalent in the support
given by health workers in helping those who have lost
their independence in daily life activities.

As expected, strong/good correlations were found be-
tween the Serbian version of the SarQoL® and some do-
mains of the SF-36 questionnaire as with the utility score
of the EQ-5D. We found weaker correlations between do-
mains of the Serbian version of the SarQoL® which were
supposed to have different dimensions. These results are in
congruence with those reported in other studies [9, 13, 14].

This study has some limitations. Firstly, our sample only
comprises 12 sarcopenic subjects (1.7%) which is much
lower comparing to other studies and thus this population
does not reflect exactly a sarcopenic population [12, 13, 20,
27]. Our study participant selection may have introduced a
bias and focused on the healthier section of population by
relying on volunteers despite the known fact that sarcope-
nic individuals are less likely to volunteer for clinical stud-
ies due to their physical difficulties [4]. The sample that
was recruited for this study was not a random sample and
should be complemented with participants from nursing
homes or elderly more dependent on their care providers.
Another limitation of this study is due to the issues related
to the lack of a test-retest reliability evaluation. However,
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test-retest reliability at a two-week interval has shown to
be excellent in the other validation of the SarQoL® and
should therefore not be an issue [13, 18].

CONCLUSION

In conclusion, the results of the present study confirm
that, the Serbian SarQoL*® can discriminate with significant
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p-values between older adults with and without sarcopenia
if the HGS and SARC-F are used, but we were unable to
confirm discriminative power when using the EWGSOP2
criteria in this sample. Also, in Serbian population aged
65 and over, the Serbian version of the SarQoL°® shows
high internal consistency, as well as good convergent and
divergent validity for a sarcopenic population.
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CAMETAK

YBoa/Unm YnutHuk ,KBanuteT XunBoTa ca CapKoneHunjom
(SarQolL®) koju nonywaajy 6onecHuuy cneurduyaH je 3a
capkoneHujy.

Linsb je 6ro fa ce npeBeae yNUTHYK Ca €HINECKOT Ha CPMCKK
je3uk n ucnuTajy erose nNcMxomeTpujcke neppopmaHce.
Metope YnuTHVIK je npeBefeH. Micnntanuum cy 6unm neHsnoHe-
pv oba nona, ctapuju og 65 roguHa. Tpu MeTofe cy KopuwheHe
3a yTBphUBatbe capkoneHuje: ynutHUK SARC-F, cMarbeHa cHara
CTUCKa 1 KOMMIETHN KpuTepujymn EBponcke pagHe rpyne 3a
capKoneHujy Kog ctapmjux ocoba (EWGSOP2). cnutnsaHu cy
AVCKPUMUHATUBHA CMOCOBHOCT, IHTEPHA KOH3MCTEHLM]a, KOH-
CTPYKLVOHa BannAHOCT, edekaT noaa v nnadoHa.

Pesyntatm YnutHuk SarQoL® je npeBepeH Ha CPMCKK je3uK.
BanupaumoHa ctyawja je cnpoBefeHa Ha 699 ncnutanuka. Og
YKyrHor 6poja, 200 yyecH1Ka np1nagaajy BUCOKOPY3NYHO] rpy-
Ny 3a CapKOMEeHwjy Ha OCHOBY ynuTHMKa SARC-F, 84 ncnutaHnka

u
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je umano ocnabbeHy cHary cTucka Lwake, a 12 notspheHy cap-
KoneHujy. Ha ocHoBy Kputepujyma EWGSOP2 Huje ycTaHOBIbEH
3HavyajHO Mambu KBanuTeT XmBoTa (60,31 vs. 64,60; p = 0,155).
[obujeHe cy HMXKe BpegHOCTY ynuTHKKa SarQoL® 3a rpyny ca
MarbUM pU3nKOM 3a capkoneHujy (52,80 vs. 65,50; p < 0,001)
1N BUCOKOPM3NYHY rpyny 3a capkoneHujy (50,91 vs. 69,02;
p <0,001). KpoHb6axos anda KoedpunLujeHT je n3Hocuo 0,87, wWTto
yKa3yje Ha BUCOKY MHTEPHY KOH3MCTeHLjy. KOHCTPYKTVBHa Ba-
NINTHOCT je 6rna ageksaTHa 1 notBpheHa ca 75% 1 oueKrBaHOM
Kopenauwujom ca ynutHuumma SF-36 v EQ-5D. Huje youeH edekat
nopa/nnadoHa y [obmjeHm pesyntatuma.

3ak/byyvaK YNuTHUK SarQoL® je ycnelwHo npeBeAeH Ha CPMCKy
je3nk n notBpheHa je terosa BanvgHOCT 3a yTBphHrBabe KBa-
NTETa XMBOTa repujaTpujcke nonynawuje.

KrbyuHe peun: capkoneHuja; KeanuteT xunsota; SarQolL, Ba-
nngaumja
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SUMMARY

Introduction Primary hepatic lymphoma (PHL) is a rare disease and represents lymphoproliferative
disorder confined to the liver parenchyma. This condition is difficult to distinguish from other liver
diseases. Histopathology is essential and confirms the diagnosis. Treatment options for PHL include
surgery, chemotherapy, radiation, or combinations of these modalities. The objective of this this report
is to present a case of PHL and to discuss disease features and treatment options in order to facilitate
diagnostics and therapy.

Case outline A 72-year-old female was presented with abdominal pain, nausea, weight loss, and fatigue.
Computed tomography (CT) revealed hypoattenuating solitary lesion in liver segment VIIl. The detected
liver lesion showed elevated 2-[fluorine 18] fluoro-2-deoxy-D-glucose uptake on positron emission
tomography/CT examination. Extrahepatic disease was not detected. The tumor board opted for surgery,
and atypical resection of liver segments VIl and VIIl was performed. Pathohistological examination of the
resected tumor demonstrated liver infiltration with non-Hodgkin’s lymphoma, diffuse large B-cell type.
Postoperative recovery was complicated by fluid collections in the right subphrenic space, successfully
managed by percutaneous drainage. Subsequently, the patient was treated with chemotherapy and
attained a complete remission documented by negative CT findings.

Conclusion PHL can easily be misdiagnosed as another more frequent primary liver tumor due to its
non-specific clinical manifestations, laboratory and imaging findings, and therefore should be considered

in the differential diagnosis of a hepatic lesion.

Keywords: chemotherapy; drainage; liver; operative; tumor

INTRODUCTION

Primary hepatic lymphoma (PHL) is a lympho-
proliferative disorder confined to the liver with-
out any evidence of involvement of the spleen,
lymph nodes, bone marrow, or other lymphoid
structures [1]. PHL is a rare disease and ac-
counts for 0.4% of all extranodal lymphoma
and 0.016% of all non-Hodgkin’s lymphoma
(NHL) [2]. PHL of diffuse large B-cell lym-
phoma (PHL-DLBCL) is more infrequent [3].

PHL typically occurs in middle-aged men,
and the presenting symptoms, blood inves-
tigations, and imaging findings are usually
nonspecific [1]. This condition is difficult to
distinguish from primary liver cancer, liver
metastases, granulomatous pseudotumor, and
other liver diseases; therefore, it is easily misdi-
agnosed [3]. Histopathology is mandatory and
confirms the diagnosis.

A patient with PHL is presented. A better
understanding of the disease will facilitate di-
agnostics and therapy. We contribute our ex-
perience to the pool of data. Written informed
consent was obtained from the patient for pub-
lication of this case report and accompanying
images.

CASE REPORT

A 72-year-old female presented with abdominal
pain, nausea, weight loss, and fatigue was ex-
amined in the emergency room. Abdominal ul-
trasound revealed an irregular heterogeneous,
predominantly hypoechoic, 42 x 45 mm lesion
in liver segments VII and VIII. Computed to-
mography (CT) revealed a 58 x 49 x 54 mm
hypoattenuating lesion, adjacent to the right
hepatic vein, without signs of infiltration, in
segment VIII on non-contrast scans, with rim-
enhancement in the arterial phase (due to mass
effect on the surrounding liver parenchyma)
with the same attenuation as liver parenchyma
during the delayed phase.

Liver enzymes and bilirubin values were
within the normal range. The serum tumor
marker levels (carcinoembryonic antigen -
CEA, carbohydrate antigen 19-9 - CA 19-9,
and alpha-fetoprotein — AFP) were not elevat-
ed. The patient was negative for human im-
munodeficiency virus (HIV), hepatitis B and
C (HBV, HCV), and Ebstein—Barr virus (EBV).

The patient underwent 2-[fluorine 18] flu-
oro-2-deoxy-D-glucose (FDG) positron emis-
sion computed tomography ("*F-FDG PET-CT)
for further functional characterization of the
detected lesions and for staging of the disease.
The exam revealed elevated *F-FDG uptake
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Figure 1. Contrast-enhanced abdominal computed tomography and F-18 FDG positron
emission tomography scan in the coronal plane: (A) arterial phase showing a hypoat-
tenuating, slightly lobulated, lesion in segment VIl with peripheral rim-enhancement;
(B) hypodense lesion during the portal phase; (C) same attenuation as liver parenchyma

during the delayed phase; (D) hypermetabolic mass lesion in the liver
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Figure 2. Microscopic findings of the liver conﬁrmlng non—Hodgkm s diffuse large B-cell
lymphoma; (A) diffuse proliferation of lymphoid cells (H&E, x200); (B) positive for CD20;
(C) positive for BCL6; (D) positive for Ki-67

only in liver segment VIII without pathological elevation in
other organs (Figure 1). On esophagogastroduodenoscopy
atrophic gastritis was present. Colonoscopy detected ano-
rectal polyps and enlarged hemorrhoidal nodes. A barium
enema study revealed diverticulosis of the descendent and
sigmoid colon. Extrahepatic disease was not detected.

The multidisciplinary tumor board opted for surgery
and atypical resection of liver segments VII and VIII was
performed. Lymphatic nodes in the hepatoduodenal liga-
ment were dissected for frozen section analysis and proved
to be benign.

Pathohistological examination of resected tumor
revealed hepatic tissue with large nodular, tumorous,
lymphoid infiltrates and numerous confluent necrotic
fields, without tumor cells on the resection margin.

‘ DOI: https://doi.org/10.2298/SARH200310069M
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Figure 3. Postoperative computed tomography scan
in the coronal plane demonstrating pleural effusion,
fluid collection in the right subphrenic space, and
viscous fluid collection in segment VI of the liver

Immunohistochemical staining showed that
90% of tumor cells had positive reaction for
CD 20, CD79a, bcl 6, MUM 1, and Ki 67.
These histological and immunohistochemi-
cal findings demonstrated liver infiltration
with DLBCL (Figure 2).

Three weeks after the hospital discharge,
the patient was presented with abdominal
pain, nausea, and vomiting and was prompt-
ly readmitted. Routine blood and biochem-
istry examination revealed elevated inflam-
matory markers and abdominal CT demon-
strated pleural effusion, 150 x 97 x 103 mm
fluid collection in the right subphrenic
space with a mean attenuation value of 22
HU and viscous fluid collection in segment
VI of the right liver lobe, containing gas in-
clusions, 95 x 57 x 110 mm in size (Figure
3).

The patient was referred to the interven-
tional radiology department for percutane-
ous drainage of the fluid collection at the
liver resection site. Ultrasound guided ini-
tial puncture of the right subphrenic fluid
collection was performed and specimen of
viscous yellow fluid was sent for microbio-
logical analysis followed by the placement
of 10.2 Fr percutaneous drainage catheter in
collection. Enterobacter spp. were isolated
from the specimen and antibiotic therapy was initiated
according to the antibiogram. Control CT scan of the ab-
domen revealed resolution of the subphrenic collection
around the tip of the pigtail catheter. On follow-up ultra-
sound examination, no fluid collection was detected and
the patient was referred to the department of hematology
for further treatment.

Bone marrow biopsy did not reveal lymphoma infiltra-
tion. Complete blood test excluded leukemic cells in the
peripheral blood. Due to reduced left ventricular function
(EF 55%), the lymphoma board decided to treat the patient
with a R-miniCHOP (rituximab, cyclophosphamide, doxo-
rubicin hydrochloride, vincristine sulfate, prednisone) low-
dose chemotherapy protocol. She was given eight cycles of
R-miniCHOP at three-week intervals. During the course

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):749-752
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Figure 4. Computed tomography scan after a three-year follow-up in the axial and

coronal planes, demonstrating no signs of recurrent disease

of chemotherapy, the patient occasionally complained of
tingling in her hands and feet, so vincristine was replaced
with velban from the sixth cycle to the end of treatment.
During the three-year follow-up the patient showed no
symptoms or signs of recurrent disease (Figure 4).

DISCUSSION

PHL is an extra-nodal lymphoma of the liver without in-
volvement of any other organ (lymph node, spleen, etc.) [4].

The most common presenting symptom in PHL is ab-
dominal pain, occurring in more than 40% of patients.
The B-symptoms of fever and weight loss occur in about
one-third of the patients. Jaundice is seen in less than 20%
of patients [5]. Our patient’s clinical presentation included
abdominal pain, nausea, weight loss, fatigue and were con-
sistent with that of primary hepatic NHL.

Preexisting liver disease, such as chronic liver cirrhosis
secondary to hepatitis B virus, hepatitis C virus, or he-
mochromatosis, is present in less than 9% of the patients
[6]. In rare circumstances, progressive hepatitis and acute
hepatic failure with rapid progression and poor prognosis
may occur [7, 8].

The presented patient was diagnosed with NHL by
pathohistological examination of the resected tumor. The
pathological type was DLBCL. The involvement of other
sites was excluded by lymph node examination, radiologic
examinations (ultrasound, CT, PET/CT, barium enema),
and endoscopic examination (esophagogastroduodenos-
copy, colonoscopy).

Most PHL patients show a two- to three-fold increase
in alanine aminotransferase and aspartate aminotransfer-
ase levels, with an increase in bilirubin and high-density
lipoprotein levels. However, AFP and CEA levels are usu-
ally normal, in contrast to those in primary liver cancer
and liver metastases [3]. The presented patient had normal
liver enzyme and bilirubin values. Tumor markers (CEA,
CA19-9, AFP) were not elevated.

The exact incidence and prevalence of PHL is not
known. PHL is rare and comprises 0.4% of all cases of
extra nodal NHL and 0.016% of all cases of NHL [2]. The

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):749-752
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male-to-female ratio is 1.9:1 [9]. The patient
in this report was a 72-year-old female, al-
though PHL is more common in males of
around 50 years old.

Although PHL is rare, persistent inflam-
matory processes associated with HCV in-
fection or autoimmune disease may play
independent roles in the lymphomagenesis
of hepatic B cells [10]. The presented patient
was negative for HIV, AIDS, HBV, HCV, and
EBV and did not have any autoimmune dis-
ease.

There are three radiological presenta-
tions of PHL: 1) a solitary lesion, 2) mul-
tiple lesions within the liver, and 3) diffuse
hepatic infiltration. The most common
presentation is a solitary lesion. The initial
radiologic test is usually an ultrasound that demonstrates
a large, solitary hypoechoic lesion or multiple hypoechoic
lesions resembling metastasis [11]. On CT scans, PHL le-
sions appear as hypoattenuating lesions and may have a
central area of low intensity indicating necrosis. Following
the administration of intravenous contrast, 50% of PHL
lesions do not enhance, 33% show patchy enhancement,
and 16% show a ring of enhancement [11]. CT scan of this
patient revealed a hypoattenuating lesion in liver segment
VIII on non-enhanced scans, with rim-enhancement in the
arterial phase, conceding with 16% ring enhancement as
described in literature.

Due to the rarity of this disease entity and its nonspe-
cific clinical presentation and laboratory and radiologic
features, a definite clinical diagnosis of PHL is difficult.
PHL may be confused with hepatitis, primary hepatic tu-
mors, hepatic metastases from gastrointestinal carcinoma,
and systemic lymphoma with secondary hepatic involve-
ment [12].

Percutaneous liver biopsy is the most valuable tool for
the diagnosis of PHL. The transjugular approach is an al-
ternative when a discrete mass is not visible on imaging for
percutaneous liver biopsy [13]. A liver biopsy was not done
because the liver lesion appeared malignant on radiological
assessment and in order to avoid the risk of tumor seeding
in resectable patient. Similar scenarios are described in the
literature, where patients, incorrectly diagnosed as PHL,
were operated on for other diagnosis.

Treatment options for PHL include surgery, chemo-
therapy, radiation, or combinations of these modalities.

It has been suggested that, for low-volume localized
PHL, surgical resection, alone or in combination with
chemotherapy, might be a treatment of choice. Lei [6] de-
scribed 10 patients treated with curative intent surgery
who had a median survival of 22 months, ranging 1.5-120
months. Avlonitis and Linos [5], in a large review of the
literature, showed similar results that patients treated by
surgery and followed by chemotherapy have better survival
rates, with median survival of 15.3 months (range: 0-123.6
months). The current indications for surgery, based on the
available data from the literature, include localised disease
that can be completely resected [5].

www.srpskiarhiv.rs ‘
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R-CHOP chemotherapy regimen is the standard treat-
ment for patients with DLBCL. There are reported cases
of complete response to R-CHOP alone in patients with
PHL-DLBCL [14, 15]. Whether systemic chemotherapy
alone will give results comparable to surgery in resectable
cases is currently unclear [16].

In conclusion, PHL is a rare disease and can be misdi-
agnosed as another more frequent primary liver tumor due
to its non-specific clinical presentation, laboratory and im-
aging findings, and therefore should be considered in the
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MpumapHu (uMoM jeTpe 1 nperneg nuTepatype
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CAMETAK

YBop MNpumapHu numdom jeTpe je peTka 6onecT 1 npeacTa-
BJba numdonponudepatmsHm nopemehaj orpaHnueH camo Ha
jeTpy. OBy 60necT je TeWKO pa3NMKoBaTU Of ApYyrux bonectu
jeTpe. Xuctonatonoluka BeprdrKaLuja je of KibyuHe BaxKHO-
c™ 1 notephyje AnjarHo3y. Tepanujcku TpeTMaH noapasymesa
XUPYPLLKO Jieyetbe, XeMroTepanujy, paguotepanujy n Komou-
HaLujy oBUX MofanuTeTa.

Linb oBor papa je npvkas 6onecHrKa ca nprmMapHUM nmoo-
MOM jeTpe 1 JUCKyCHja O KapaKTepucTukama bonectu Koje he
AOMNPUHETN HheHOM 60/bem pasymeBatby 1 OnaKLuaTh nocTa-
BJbatbe fjujarHo3e v nevete.

Mpuka3s 6onecHuKa bonecHnua ctapocTu 72 roguHe jasuna ce
nekapy 36or 6ona y Tpbyxy, MyuHUHe, rybuTKa TenecHe TeXnHe
1 Manakcanoctu. KomjytepusoBaHom Tomorpadujom oTKprBeHa
je connTtapHa xunogeHsHa npomeHa y VIl cermeHTy jetpe. Onu-
CaHa NpomeHa je noka3sasna nosehaHo npeysumaroe '®F-FDG Ha
PET npernepy KomnjyTepr3oBaHoM Tomorpadujom. Huje otkpu-

DOI: https://doi.org/10.2298/SARH200310069M

BEHO NPMCYCTBO 6onecTy BaH jeTpe. OHKOMOLIKN KOH3UW]YM
ce ofnyyYno 3a XUPYPLUKO Jleyerbe, Nocsie Yera je yunteHa
pecekuwmjy VIl n VIIl cermeHTa jeTpe. [1aTOXMCTONOLIKOM aHanu-
30M floKa3aHa je MHGMNTpaLyja TK1Ba jeTpe He-XOLIKMHOBYM
nmmpomom, andy3Hn b-kpynHohenujcku Tn. NMoctonepatneHM
TOK je 610 KOMMIMKOBaH pa3BojeM TeUHe KoneKLuje y feCHOM
cybavjadparmanHoM NpocTopy, Koja je yCnewHo TpeTupaHa
nepKyTaHoOM ApeHaxxom. Ha nocnetky 6onecHuua je Tpetupa-
Ha XxeM1oTepanujom, Ha Kojy je noka3sasia KomniaetaH OAroBop
noTBphHEH KOHTPONHUM MperiefMMa KOMMjyTeprM30BaHOM TO-
Morpadujom.

3aKsbyuak 360r CBOjUX HeCTeLMPUUHUX KTMHNYKIX, TabopaTo-
PWjCKUX 1 PaAMONOLIKKX KapaKTePUCTMKA NPUMapPHY TMMbOM
jeTpe Mmoxe Beoma flako 6UTK MOrpeLLHo AUjarHOCTIKOBaH Kao
HeKu yelwhy NpUMapHu TyMop jeTpe, Te 36or Tora Tpeba 6uTr
pa3maTpaH y andepeHuujanHoj AnjarHo3m NpomeHa y jetpu.
KrmbyuHe peun: xemmoTtepanuja; ApeHaxa; jeTpa; onepabunan;
Tymop
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SUMMARY

Introduction There are not many cases among acute type-A aortic dissection survivors who get to be
called “incredible.” Here we present such a case followed-up for more than five years.

Case outline A 48-year-old male with acute type A aortic dissection, complicated with cardiac tamponade
and severe aortic valve regurgitation, was submitted to emergent surgical treatment. Distal reconstruc-
tion was performed by complete aortic arch replacement with “elephant trunk” extension and separate
arch branch bypasses, while the proximal reconstruction was done with Bentall procedure. Total of 11
anastomoses was necessary to complete this procedure. Straight profound hypothermic (18° C) circula-
tory arrest, with a saturation of the venous blood from the jugular bulb of 97%, lasted 133 minutes. The
patient was discharged stable without any neuro-cognitive deficit. Two years later, he was admitted with
late prosthetic valve endocarditis and subvalvular abscess. Good response on treatment with efficient com-
bined antibiotics and stabile hemodynamic allowed us to avoid barely feasible re-do surgery. Subvalvular
myocardial abscesses evolved into periprosthetic pseudoaneurysms without infectious, thrombo-embolic,
or hemodynamic deterioration. The patient is still alive and stable, more than four years after this event.

Conclusion Fortunate outcome of these life-threatening conditions is a reason to reconsider our understanding
of cerebral function and metabolism during the profound hypothermic circulatory arrest, and it emphasizes
the importance of measuring individual patient response against disease treatment guidelines, as we did,
treating the late, complicated prosthetic valve endocarditis with medicaments, instead of high-risk surgery.
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INTRODUCTION

Experienced surgeons would agree that each
case of acute type A aortic dissection (A-AAD)
is peculiar. This emergent entity is well known
as a dreaded disease with many faces, classified
among the five most common misdiagnoses.
[1] Surgical treatment strategies are perma-
nently evolving to ensure appropriate recon-
struction, with the lowest possible brain and
visceral organ damage. Accordingly, mortal-
ity and morbidity rates, as well as long-term
results, significantly improved [2, 3, 4]. Yet,
there are not so many cases among survivors
deserving the adjective “incredible” Here we
present such a case of the A-AAD, followed-
up for more than five years. The purpose of
this report is not to recommend our treatment
strategy, but to recall and expose all kind of
concerns we had, celebrating the unexpectedly
fortunate outcome of this “drama in two acts”

CASE OUTLINE
The first act: acute type A aortic dissection

A 48 years old male (195 cm, 92 kg), with a
history of uncontrolled hypertension, was

admitted with ongoing chest pain, hypotension
(80/40 mmHg, sinus tachycardia 110/min),
spontaneously breathing, and somnolent, with
A-AAD, verified by multislice detector comput-
ed tomography (MDCT), complicated with car-
diac tamponade and moderate-to-severe aortic
valve regurgitation. Except for hypertension,
no other known risk factors for A-AAD were
present. Pain-to-table time was six hours, while
diagnosis-to-table time was 45 minutes.
Median sternotomy and left common femo-
ral artery access were done simultaneously, to
relive severe tamponade and ensure fast arterial
line placement. Following the massive coagulum
removal from the pericardial sac, the two-stage
venous cannula and left atrial vent was placed.
Retrograde extracorporeal circulation was ini-
tiated, and the patient was cooled down to 18°
C (straight profound hypothermia), under the
alpha-stat protocol, without aortic clamping and
cardioplegia. Bilateral ice-pads were placed over
the carotid arteries and no additional pharma-
cological measures for brain protection were
used. Cerebral blood oxygenation was moni-
tored by near-infrared spectroscopy and satura-
tion of the venous blood from the jugular bulb
before the arrest was 97%. Aortotomy revealed
multiple irregular tears in the ascending aorta
and the arch, destroying orifices and proximal
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Figure 1. A - Completed procedure (11 anastomoses): proximal ben-
tall + complete aortic arch and distal reconstruction (separate arch
branches bypasses, distal “elephant trunk” descending aortic exten-
sion); B — postoperative brain multidetector computed tomography:
absence of neurological and/or cognitive deficits; normal multidetec-
tor computed tomography

parts of all brachiocephalic arch branches. The left sub-
clavian artery and proximal descending aorta were nearly
occluded by the false lumen. At this point, there was no
chance to change our initial straight profound hypothermic
circulatory arrest and “the-arch-first” strategy, so that we
had to go on with the “hostile” anastomoses at the distal
aorta and arch branches. The distal aortic anastomosis was
performed with inverted (26 mm) tubular Dacron graft,
leaving an elephant-trunk extension of 7 cm in descend-
ing aorta. Arch reconstruction necessitated resection of
proximal 3—-4 cm of all three branches (all far above the
left brachiocephalic vein) and interposition of small (10
and 8 mm) tubular Dacron grafts. Anterograde reperfu-
sion was started by direct arterial cannulation of the distal
aortic graft. (Figure 1A) Total straight profound hypother-
mic circulatory arrest (PHCA) time, without any cerebral
perfusion, lasted for 133 minutes! Proximally, two of three
commissures were detached so that Bentall procedure, us-
ing Valsalva Dacron composite graft (23 mm valve, 24 mm
graft), was necessary. Overall, a total of 11 anastomoses
were necessary to complete this procedure. Hemostasis
was perfect and supported by fibrin sealant on each suture
line. The patient was easily weaned from cardio-pulmonary
bypass, without any hemodynamic support.

Extremely difficult pathoanatomy of the arch and ex-
tremely long PHCA time without any brain perfusion did
not leave us any objective reason to be optimistic. Yet, on the
fifth postoperative day, the patient woke up with no neuro-
logical or cognitive deficits. Brain MDCT was completely
normal. (Figure 1B) Two weeks following the operation, sig-
nificant pericardial and left pleural effusions were drained
under fluoroscopic control, with no residual effusions on
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discharge. Control echocardiography (ECHO) revealed nor-
mal structural and functional parameters of the aortic valve
and the left ventricle. He was discharged with beta-blocker
(Presolol® 2 x 25 mg), ACE-inhibitor (Zorkaptil® 2 x 6.25
mg), Aspirin® (1 x 100 mg), anticoagulant (Farin® with target
INR 2-3), Ibuprofen (Brufen® 3 x 600 mg), Colchicine® (2
x 0.5 mg), combined diuretics every other day: Furosemide
(Lasix® 1 x 40 mg) plus Spironolactone (Aldactone® 1 x 25
mg), Cefixime (Pancef® 1 x 400 mg, one week) and Lansopra-
zole (Sabax 2 x 30 mg). Except for occasional hypertensive
episodes, patient’s condition and laboratory findings were
excellent during the next two years follow-up. He went back
to his usual physical and intellectual activities and actively
took part in the “Aortic Disease Awareness Day” (ADAD) [5].

The second act: prosthetic valve endocarditis with
subvalvular extension

Almost four years ago, after respiratory infection with pro-
longed fever (up to 40.2°C), fatigue, headache, and myoar-
thralgia, he was examined at the Emergency room and dis-
charged with Erythromycin® (4 x 500 mg). Transthoracic
ECHO did not reveal any prosthetic valvular pathology. A
week later, he was admitted to the Clinic for infectious dis-
eases, with the same symptoms and positive bio-humoral
syndrome (Le 18.7, SE 74, Fib 6.3, CRP 177.6). The ECHO
on admission revealed the presence of prosthetic valve en-
docarditis (PVE) with semicircular subvalvular abscess,
affecting interatrial and interventricular septum. Repeated
blood cultures were positive for coagulase-negative staphy-
lococci (CoNS) and therapy was conducted combining
different efficient antibiotics (vancomycin, levofloxacin,
ciprofloxacin, linezolid, teicoplanin, amikacin). Subsequent
ECHO and MDCT examinations revealed an emptied ab-
scess cavity in a form of the periprosthetic pseudoaneu-
rysm (with a maximal diameter of 20 mm) and normal
prosthetic valve function (Figure 2A). Both the patient’s
good response to the treatment and our reluctance for a
re-do surgery resulted in consent for “watchful-waiting”
strategy and surgery just in case of any deterioration. After
two months of therapy, he was discharged in a good clinical
and hemodynamic condition with much better laboratory
parameters (Le 6.7, SE 62, Fib 5.6, CRP 10.4).

During the next three years, there was no relapse of the
PVE. Control ECHO and MDCT scans were scheduled
every six months and revealed persistent, stationery peri-
prosthetic pseudoaneurysm without any signs of throm-
bosis. The valvular function was normal as well as other
functional parameters of the left ventricle (Figure 2B).
Again, the patient is physically and intellectually active, still
actively supporting the ADAD on September 19 each year.

Written consent for the publication of this case report and
any accompanying images was obtained from the patient.

DISCUSSION

Acute aortic dissection, critical preoperative condition, ex-
tremely difficult pathological anatomy affecting ascending
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Acute type A aortic dissection - a case beyond the guidelines

Figure 2. A - postoperative chest multidetector computed tomography: an emptied
subvalvular abscess (black asterisk); B - postoperative echocardiography: periprosthetic
pseudoaneurysm (white asterisks)

aorta, arch and branches, complex surgical reconstruction
(i.e. 11 anastomoses), straight PHCA far above tolerable
time limits (i.e. 133 minutes), postoperative pericardial
and pleural effusion - all these things (“the first act”) our
patient survived without any serious consequences. More-
over, two years later (“the second act”), he also survived
another life-threatening condition - PVE with perivalvular
extension treated only with medicamentous therapy, with
stabile course three years after. Both separately and espe-
cially in combination, these two “acts” indeed deserve the
adjective “incredible” So far, there are no literature reports
of similar cases.

As for “the first act,” we want to emphasize the im-
portance of time in the management of patients with
suspected A-AAD [6] with or without malperfusion syn-
drome [7]. Accordingly, with a pain-to-table time of six
hours and diagnosis-to-table time of only 45 minutes, we
have managed to avoid serious malperfusion and multi-
organ system failure. As for the operative strategy, it is
well-known that cardiopulmonary bypass (CPB) induced
PHCAs in humans, lasting > 40 minutes significantly in-
crease the incidence of neurological deficits, while those
of > 60 minutes significantly increase mortality caused
by cerebral damage. [8, 9, 10] Swensson et al. [11] have
reported 20.8% mortality and 14.6% stroke rates in 48
patients with PHCA 60-120 minutes. We could not find
any literature report of straight PHCA > 120 minutes in
humans. Yet, there are some reports of complete recov-
ery after 6-8 hours of cardiac arrest from deep accidental
hypothermia, but such cases could not be compared with
CPB induced PHCAs [12, 13]. In addition, there were
experimental studies, which did not find any cerebral
pathologic changes or behavioral disorders after 90 and
120 minutes of PHCA in dogs, except hippocampal apop-
tosis following 120 minutes of PHCA at 15°C. Such a good
ischemic tolerance may be attributed to non-thoracotomic
CPB and the absence of hemodilution [14] Repeated CT
scans did not reveal any brain damage in our patient.
Though we did not use any tools to precisely measure his
neurocognitive function, neither we nor his family mem-
bers could proclaim it was impaired in any aspect. [15]
Subsequent critical appraisal revealed that anterograde
cerebral perfusion could be established earlier, by recon-
structing the brachiocephalic trunk as the first step. We
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missed this opportunity being distracted by
an impressive arch and branches pathology.

As for the “the second act,” class I, level
of evidence C recommendation for surgery
in PVE claims: “Surgery is indicated for
patients with PVE who present with com-
plications, for example, abscess formation”
[16]. Two years after the initial surgery,
our patient developed late CoNS PVE with
paravalvular extension. During this hospital
stay, we were consulted daily to eventually
decide for the re-do surgery. Our “out-of-
the-box” watchful waiting attitude did not
have any support in contemporary recom-
mendations or some other literature reports
[16, 17]. Good response on combined antibiotic therapy,
stabile general and hemodynamic condition, on the one
hand, and complex underlying pathology requiring very
high-risk surgery, on the other, were the principal reasons
for such approach. Not only the standard hazards of re-do
surgery raised our concerns, but also some specific circum-
stances, such as the presence of coronary artery buttons
(sealed with fibrin glue), uncertain geometry and histology
of the periprosthetic pseudoaneurysm and adjacent myo-
cardium. Guideline based surgery recommends complete
reconstruction, including exclusion/excision of the pseu-
doaneurysm, prosthetic aortic valve and ascending aortic
graft replacement with re-implantation of coronary artery
buttons (or Cabrol modification) [16]. In the presence of
scar tissue enhanced with fibrin sealants, such demand-
ing procedure would be hardly feasible. A few years later,
the report by Saitto and Russo [18], was the only one to
compare with, to justify our concerns and decision made.
Unlike their one-year follow-up experience, our patient is
still alive with satisfactory clinical condition and hemody-
namics, more than three years after the PVE (October 13,
2016) and more than five years after the initial operation
(October 13, 2014).

A single case could never be a reason to build up an
attitude or recommendations based on it. This particular
case is definitively a reason to reconsider our understand-
ing of cerebral function and metabolism during the PHCA
conditions. A fortunate outcome with no neurological and/
or cognitive deficits after 133 minutes of PHCA deserves
it. Besides, this case emphasizes the importance of measur-
ing individual patient response against disease treatment
guidelines, as we did, deciding to treat the late, complicated
CoNS PVE with medicaments, instead of high-risk surgery,
tulfilling the Hippocratic injunction: Primum non-nocere
(i.e., Above all, do no harm) [19].
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AKYTHa aOpTHa AMUCEKLMja TUN A - C/lyyaj M3BaH Npenopyka

MnageH J. Kounua'?, Munnua M. Kapayuh-Kounua'?, iparaH [. Lisetkouh'2, Munow b. Mpyjuh'?, Jiuguja JlaBaguHoBuh?*
'KnuHuuku Lentap Cpbuje, KnuHuka 3a kapauoxmpyprujy, beorpag, Cpbuja;

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

*Knunnukn yeHTap Cpbuje, LieHTap 3a aHecTe31onorujy, peaHMmaTonorujy u nHTeH3nusHy Tepanujy, beorpag, Cpbuja;
*KnuHunukm Lentap Cpbuje, KnuHuka 3a uHdekTBHe 1 Tponcke 6onectw, beorpag, Cpbuja

CAMETAK

YBopa He noctojvi MHOro 60necH1Ka Koju Cy MpexuBenm akyT-
Hy Ancekuujy aopte T!n A, a unju ncxon 6u onpaeaao enutet
,HeBepoBaTHOr ciyyaja”.

Linb Ham je fa npuKaXkemMo jejaH TakaBs CJlyyaj, Koju CMO npa-
TWUNW BULLIE Of NET roAMHa Mocse onepavyje.

Mpukas 6onecHnka Mylikapal ctap 48 roarHa, ca akyTHOM
AuceKkumnjom aopTe TUn A, KOMMIVKOBaHOM TaMMOHaA0M 1
TELIKOM aOPTHOM perypruTaLujom XocnuTanun3oBaH je paam
HEOANOXHe KapAOXMPYPLUKE MHTepBeHUMje. [incTanHa pekoH-
CTPpyKLMja je noapasymeBasia KOMNIETHY 3aMeHy JiyKa aopTe ca
eKcTeH3ujom elephant trunk y3 onBojeHe 6ajnac pekoHCTpyKLyje
3a CBe TPV rpaHe nyKa, AOK je MPOKCMManHa PeKOHCTPYKLMja
3axTeBasna n3Bohetbe beHTanose onepayyje. 3a KomnneTpare
oBe npoLieaype 610 je HeonxofHO yKynHo 11 aHacTomo3sa. [u-
peKTaH fy6oku xvnotepmHi (18°C) LMPKYNAaTOpHM 3acToj, ca ca-
TypaLmjom BEHCKe KpBU 13 jyrynapHor bynbyca o 97%, Tpajao
je 133 muHyTa. BonecHuk je otnyluTeH y cTabunHoOMm cTarby 6e3
HeypOo-KOrHUTUBHMX AeduumTa. [1Be rogmHe KacHuje Xocnu-

DOI: https://doi.org/10.2298/SARH200807098K

TanM30BaH je MoA CMKOM eHAOoKapAWTICa BeluTauke BanByne
ca cybBanBynapHum ancuecrma. lobap oarosop Ha Tepanujy
KOMOVHOBaHNM edUKACHUM aHTUOMOTULIMMA Y3 CTabuNHY Xe-
MopnHamuKy omoryhuo Ham je fa n3berHemo peonepauujy
BUCOKOT pu3uka. CybBanBynapHu ancLecu cy eBoslyrpani y
NepunpoCTETNYHY NceyfoaHeypu3mMy 6e3 3HakoBa NHbeKLYje,
TPOM60-eMOONMjCKMX 1 XeMOLMHAMCKIX Noropluakba. bonec-
HUK j€ UB, y CTabUITHOM CTakby, BUILLE Of YETUPY FOAMHE nocse
oBe KoMnanKauuje.

3akbyyak Vcxop neyerba oBor 6onecHuKa je 4oBOSbaH pasnor
Aa NPencnuTamo Halle pasymeBame LiepebpanHe dyHKuUmje 1
MeTabonm3ma y ycrioBrMa TOKOM iy6OKOr XMMOTEPMHOT LPKY-
NaTOPHOT 3aCToja, Kao 1 Aa HarnacMmo BaXKHOCT MHAMBUAYaNHe
NpoLeHe pr3nKa CBakor 60/1eCHMKa, YaK 1 Kafj Ce OH 3HayajHo
pasnuKyje oA akTyeNH/X NPenopykKa, Kao y 0BOM Ciyuajy, Kag
je KomnnMKoBaHM eHAOKaPANTHC BelTauKe BanByse fneyeH
aHTMOVOTULMMA, YMECTO XUPYPLUKU.

KrbyuHe peun: aopTHa AnceKkuuja; LMPKynaTopHY 3acToj; Npo-
TeKLWja Mo3ra; eHAOKapAMUTUC BELUTauKe BasiByse
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CASE REPORT / MPUKA3 BOJNIECHUKA

Ligamentum flavum hypertrophy in a patient with
Pott’s disease

Vuk Aleksi¢'?, Rosanda Ili¢’, Mihailo Milic¢evic', Filip Milisavljevi¢', Milos Jokovic!

'University of Belgrade, Faculty of Medicine, Clinical Center of Serbia, Clinic of Neurosurgery, Belgrade, Serbia;
“Clinical Hospital Center Zemun, Department of Neurosurgery, Belgrade, Serbia

SUMMARY

Introduction The spine is involved in less than 1% of all tuberculosis (TB) cases, and it is a very dangerous
type of skeletal TB as it can be associated with neurologic deficit and even paraplegia due to compression
of adjacent neural structures and significant spinal deformity. The spine TB is one of the most common
causes for an angular kyphotic deformity of spine. Patients with kyphosis angle > 60° at dorsolumbar
spine are at great risk to develop late onset neurological deficit and paraplegia due to chronic compres-
sion and stretching of the spinal cord over bonny ridges. In a small number of cases, other conditions
may lead to neurological deficit in patients with long standing angular kyphosis which also alters the
treatment strategy that otherwise involves prolonged and mutilant surgery.

Case outline We present a case of a 61-year-old male patient with concomitant 90° dorsolumbar spine
kyphosis due to spinal TB and ligamentum flavum hypertrophy which led to spinal canal stenosis with
myelopathy, and consequent paraplegia. The patient underwent dorsal decompression with hypertrophic
yellow ligament removal after which he recovered to the level of walking.

Conclusion Many authors propose guidelines for treatment of spinal TB, taking into account the stage
of the disease, the age of the patient, the angle of kyphosis, and other factors. We find that personalized
medical approach is the best approach for each patient.

Keywords: kyphotic deformity; late onset paraplegia; TB spine; spinal canals stenosis; flavum hypertrophy

INTRODUCTION

Tuberculosis (TB) is one of the oldest diseases
affecting humans and it has been found in the
ancient mummies of Peru and Egypt. The dis-
ease is caused by the bacillus Mycobacterium
tuberculosis, and occasionally by Mycobacte-
rium africanum or Mycobacterium bovis. The
spinal column is involved in less than 1% of
all TB cases. First case was described in 1779.
by Percival Pott, and since then the disease is
frequently called Pott’s disease. Main reasons
for late onset paraplegia occurrence in patients
who had Pott’s disease are long standing an-
gular kyphosis and chronic compression and
stretching of the spinal cord over bonny ridges
[1]. However, in a small number of cases, other
conditions may simultaneously be present be-
sides spinal deformity and result in spinal canal
stenosis and neurological deficit.

We present a patient with concomitant hy-
perkyphosis due to spinal TB and ligamentum
flavum hypertrophy.

Written consent was obtained from the pa-
tient to publish all shown material. This study
was done in accordance of the institutional
standards on ethics.

CASE REPORT

We present a 61-year-old male Caucasian, pre-
sented to our clinic with long-term history of

chronic back and leg pain. When he was three
years old, he was treated for spinal TB in an
orthopedic clinic in another country, but no
medical documentation is available. It was de-
cided not to operate at that time, and patient
was recommended to use braces. Patient states
that he was inconsistent in going to checkups.
As a consequence of irregular treatment pro-
nounced gibbus in thoracolumbar spinal region
developed. However, he had no symptoms or
difficulties of any kind. He was physically ac-
tive, played football since he was eight years
old, graduated from high school and was em-
ployed. At the age of 57, pain in his back ap-
peared. Pain was worsening at night, and, with
time his foot started dropping. He was admit-
ted to the Spinal orthopedic center in Belgrade,
where first spine X-ray was performed and gib-
bus deformity with thoracolumbar kyphosis re-
sulting in 90° angulation was observed (Figure
1). After that, spine a magnetic resonance im-
aging (MRI) was performed, which showed a
kyphotic deformity, but with normal signs of
myelon, according to radiologist’s description
(patient lost this MRI images), so the patient
was treated conservatively. He was pain free
for three years, but in 2009 the pain worsened,
predominantly in the right leg, however, he did
not receive any treatment. In 2013, the patient
started experiencing problems while walking
and within a few months he developed para-
plegia. Spine MRI was performed and clearly
demonstrated myelopathy finding at the level
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Figure 1. X-ray of the spine showing severe kyphosis at the thoraco-
lumbar junction

of Th11-Th12 with hypertrophied yellow ligament at the
same level (Figure 2). He was offered surgical treatment,
but as procedure was supposed to include anterior decom-
pression and spinal fusion, patient refused treatment at
that time. After several consultations with spinal orthope-
dic surgeons and neurosurgeons from other institutions,
the patient was operated by posterior decompression via
partial laminectomy and excision of hypertrophied liga-
mentum flavum at the level of Th11-Th12 consistent with
the level of myelopathy, without other procedures. Follow-
ing the surgery, the patient gained ability of cane aided
gait. Early control spine MRI showed signs of good spi-
nal canal decompression at the level of Th11-Th12, with
regression of myelopathy signs. A few months after the
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Figure 2. T2 weighted magnetic resonance imaging of the thoracolumbar spine showed pro-
nounced kyphosis with signs of spinal canal stenosis most pronounced at the level of Th11-
Th12 with the consequent myelopathy finding, due to hypertrophied yellow ligament at the

same level (arrow)
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operation, the patient started experiencing lumbar pain
and leg numbness with pain more pronounced in right leg,
which is why he was further, evaluated at our department.
Patient reported pain on visual analog scale 5/10, objec-
tively he had bilaterally negative Lazarevi¢’s sign (Laségue
test), normal muscle tonus, with symmetrically reduced
myotonic reflexes, and normal plantar flexion response,
normal muscle strength, no objective loss of sensation and
antalgic cane-aided gait. Kyphosis in upright posture was
evident. A control computed tomography scan was per-
formed and showed good decompression, without signs
of spine instability or progression of kyphosis (Figure 3).
Since no further neurological deficit has been developed
and based on neuroradiology findings, it was concluded
that no further surgical treatment was necessary, caudal
epidural blockage was performed in local infiltrative anes-
thesia and patient was discharged in good condition with
significantly reduced pain and better walking (Figure 4).

DISCUSSION

There are two basic types of spinal TB. The first is the
classic form or spondylodiscitis. The second one is atypi-
cal form, which is spondylitis without involvement of
intervertebral disc. The basic lesion in Pott’s disease is a
combination of arthritis and osteomyelitis, usually affect-
ing more than one vertebra, and most commonly involv-
ing anterior aspect of the vertebral body. Spinal TB can
include progressive bone destruction leading to kyphosis
and vertebral collapse, formation of cold abscess, spinal

Figure 3. Control computed tomography scan
of the spine showing good decompression at
the level of Th11-Th12 (arrow), without signs
of instability or progression of kyphosis
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Figure 4. The patient has kyphosis in upright posture (since child-
hood); after the operation, patient can stand alone and walk with a
cane; pronounced gibbus is seen in the thoracolumbar region; on the
right picture a scar from surgery in the thoracolumbar region is visible

canal narrowing by granulation tissue, abscesses, or direct
dural invasion resulting in spinal cord compression and
neurologic deficits [2].

Pott’s disease is one of the most common cause for an
angular kyphotic deformity of spine, particularly in de-
veloping countries. There is an average increase in spine
kyphosis of 15° in all patients treated conservatively, and
a deformity greater than 60° can develop in about 3% of
patients [3]. Children are more prone to develop greater
deformity, probably due to the cartilaginous nature of their
bones. The development of kyphosis occurs in two stages
of disease: (phase I) during active disease and infection,
(phase II) after healing of the lesion. The deformity de-
veloped in the phase II with neurologic deficit has worse
prognosis than complications that occur during the phase
I [4]. In our case, kyphosis developed in the early stage of
the disease, but paraplegia occurred at a late stage of the
disease, due to hypertrophy of the yellow ligament causing
stenosis of the spinal canal and the consequent compres-
sion of the spinal cord.

The progression of kyphosis depends on number of
vertebrae involved during phase I of the disease, initial
vertebral body loss and segment of spine affected. There
is some evidence that if patients developed 60° or more
kyphosis at dorsolumbar spine they were likely to develop
late onset paraplegia [5]. There are several risk factors,
which may indicate severe progression and patients that
are at great risk of deformity progression, such as: age
under ten years and loss of one or one and a half vertebral
bodies (I), a pre-treatment kyphosis angle of greater than
30°, especially in children (II), thoracolumbar junction
lesions (III), radiological signs of “spine at risk” (IV) [6].
These signs of “spine at risk” are: separation of the facet
joints (a), retropulsion of vertebras (b), lateral translation
(¢), and toppling (d). These signs are manifestation of spi-
nal instability due to dislocation of the facet joints. Each
of these signs is given a score of one. Total score of three
or four can predict an increase in the kyphosis by more
than 30° and a final deformity of more than 60° [7]. Since
our patient was inconsistent with medical checkups, the
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disease treatment was inadequate. According to the men-
tioned risk factors, our patient was at great risk for severe
deformity development, which happened, and final mani-
festation was paraplegia. Analyzing radiological findings
of our patient, it is most likely that he had all four signs
of “spine at risk’, finally resulting in 90° kyphosis. Also,
patients with pronounced kyphosis are prone to develop
severe spinal canal stenosis, probably due to compensa-
tory ligament and bone hypertrophy in the spine that is
instable. Persistent deformity affects the biomechanics
of all spine segments [8]. This is what happened to our
patient, and which in the end turned out to be the biggest
problem in our patient, since he developed myelopathy
due to spinal canal stenosis.

The indications for surgery in Pott’s disease are patients
with neurologic deficit. Although management of patients
with active disease is well defined, there is a lack of lit-
erature on the management of spinal kyphotic deformity
caused by TB [9]. Combined posterior and anterior osteot-
omy, correction of deformity, and instrumented fusion are
shown to arrest progression of kyphosis and improve neu-
rologic symptoms. Different techniques have been used to
correct the kyphotic deformity. A single-stage posterior
Smith-Peterson osteotomy, pedicle subtraction osteotomy,
vertebral column resection through a single-stage ante-
rior-posterior approach (anterior decompression followed
by posterior instrumentation), direct internal kyphectomy
and other new approaches are mostly used techniques, but
these procedures are associated with significant blood loss,
major complications and high morbidity [9, 10]. In the
cases of patients with severe and long-standing kyphosis,
who were treated for spinal TB 15 or more years ago, and
with new presentation of paraplegia or upper motor neu-
ron spinal cord injury, anterior decompression and fusion
is advocated [10, 11, 12]. Our patient was a candidate for
this procedure, but after being presented with all pos-
sible complications, length of surgery and hospital stay,
he refused the treatment. He was than admitted to our
neurosurgical department, and after additional analysis of
the spine MRI, and after consultations with spinal ortho-
pedic surgeons and neurosurgeons from other institutions,
patient was offered posterior decompression with only
partial laminectomy and with removal of hypertrophied
yellow ligament, without kyphus correction or fusion. Our
presumption that the problem was mainly due to hyper-
trophied yellow ligament was set on the basis that the
kyphotic deformity did not change over several years, and
that myelopathy sign was present at the same level where
yellow ligament was thickened. Also, since our patient did
not have restriction of pulmonary functions, we decided
that best approach was partial laminectomy with flavec-
tomy, which proved to be a successful approach, since the
patient achieved neurological status improvement and
good recovery.

Hyperkyphotic deformity remains the main reason for
late onset paraplegia after spinal TB. However, other causes
such as ligamentum flavum hypertrophy can simultane-
ously occur and contribute to progressive spinal canal ste-
nosis and compression of the cord, causing a neurological
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deficit. Although, many authors propose guidelines for  diagnosis of spine TB and by proper treatment. So, patient
treatment of spinal TB taking account phase of the disease, ~ with cured TB must be controlled with regular checkups

patient’s age, kyphosis angle and other factors, we advocate
personalized approach to every patient. In addition, many
complications, such as kyphosis can be avoided by early

REFERENCES

1. Jain AK, Kumar J. Tuberculosis of spine: neurological deficit. Eur
Spine J. 2013;22(Suppl 4):624-33.

2. Pertuiset E, Beaudreuil J, Liote F, Horusitzky A, Kemiche
F, Richette P, et al. Spinal tuberculosis in adults. A study of 103
cases in a developed country, 1980-1994. Medicine (Baltimore).
1999;78(5):309-20.

3. Ito M, Sudo H, Abumi K, Kotani Y, Takahata M, Fujita M, et
al. Minimally invasive surgical treatment for tuberculous
spondylodiscitis. Minim Invasive Neurosurg. 2009;52(5-6):250-3.

4. Rajasekaran S.The problem of deformity in spinal tuberculosis.
Clin Orthop Relat Res. 2002;(398):85-92.

5. Tuli SM. Severe kyphotic deformity in tuberculosis of the spine. Int
Orthop. 1995;19(5):327-31.

6.  Rajasekaran S. Natural history of Pott's kyphosis. Eur Spine J.
2013;22(Suppl 4):634-40.

7. Rajasekaran S. Kyphotic deformity in spinal tuberculosis and its
management. Int Orthop. 2012;36(2):359-65.

in order to prevent late complications.

Conflict of interest: None declared.

8. Luk KD, Krishna M. Spinal stenosis above a healed tuberculous
kyphosis: A case report. Spine. 1996;21(9):1098-101.

9. Rasouli MR, Mirkoohi M, Vaccaro AR, Yarandi KK, Rahimi-Movaghar
V. Spinal tuberculosis: diagnosis and management. Asian Spine J.
2012;6(4):294-308.

10. Jain AK, Dhammi IK, Jain S, Mishra P. Kyphosis in spinal
tuberculosis - Prevention and correction. Indian J Orthop.
2010;44(2):127-36.

11. Yau AC, Hsu LC, O'Brien JP, Hodgson AR. Tuberculous kyphosis:
correction with spinal osteotomy, halo-pelvic distraction,
and anterior and posterior fusion. J Bone Joint Surg Am.
1974;56(7):1419-34.

12.  Misra UK, Warrier S, Kalita J, Kumar S. MRI findings in Pott’s spine
and correlating clinical progress with radiological findings.
Neuroradiology. 2020;62(7):825-32.

XunepTpoduja KyTor nurameHTa Koa 6onecHuka ca NMotosom 6onewhy

Byk Anekcuh'? Pocanga Vinuh', Muxauno Munuhesuh', ®uann Munucasmesuh', Munow Jokosuh'

'YHuBep3utet y beorpagy, MeauumHcku dakyntet, KnuHuuku LeHtap Cpbuje, KnuHuka 3a Heypoxupyprujy, beorpag, Cpbuja;
2KnHNYKO-60MHMYKI LieHTap 3emyH, Onerbetbe Heypoxupypruje, beorpag, Cpbuja

CAXETAK

YBopg Knuma je ykibyyeHa y ceera 1% cnyyajeBa Ty6epkynose
1 OBaj CKeNeTHM 065K Ty6epKyno3e Moxe GUTW YAPYKEH ca
HeypoJIoWKMM feduLUTOM UK YaK Ca Napanyiernjom ycneq
KoMMpecuje Ha HepBHE CTPYKTYpe 1 3HauaHor fedopmuTeTa Ku-
ume. CnnHanHa Ty6epKyo3a je jeaaH of Hajuelhiix y3poka yra-
OHOT KnpOTNYHOT AedopmmuTeTa KnUMeHor ctyba. bonecHum
ca yrnom kudo3se of npeko 60° y rpyaHO-CIabUHCKoj peruju cy
Yy BEJIMKOM PU3MKY Aa Y KacH1jeM TOKy 60necTy pa3sujy Heypo-
nowKn febuuuT 1 Napannervjy ycnea ayrotpajHe Komnpecuje
1 NCTe3ama KMYMEHe MOXAVHE NPEKO KOLUTaHMX CTPYKTypa. Y
Masniom 6pojy ciyyajeBa NocToje Apyri y3poLy HEYPOOLLKOT
JedurumTa Kof 6onecHrKa ca AyrotpajHom yraoHom Kudosom,
LUTO Metba CTPaTErunjy neyersa, Koja MHaue nogpasymesa Ayro-
TpajHe 1 MyTUNaHTHe onepavyje.

Mpuka3 6onecHuka Mpukasyjemo cnyyaj MyLikapLa ctapo-
CTV 61 roAiHy ca N3paXxeHUM KNGOTUYHUM fedOPMUTETOM

DOI: https://doi.org/10.2298/SARH191201077A

ca yrnom og 90° y TopakonymbasnHoj pervju Hactanum ycneg
CnvHanHe Ty6epKynose npenexaHe y paHOM AeTUHCTBY U XU-
nepTpodujom >KyTOr IMraMeHTa, Koju je JOBEO A0 CTEHO3e CMu-
HaJTHOT KaHana yapy»KeHe ca M1jesionaTjomM 1 MoCNeAnYHOM
naparnnervjom. bonecHuky je ypaheHa fop3anHa gekomnpecuja
y CMUCITY YKNakbakba XMMeTPOPUUHOT XKy TOr IreMeHTa, nocse
yera ce 60/1eCHMK OMOPaBMO A0 HMBOA CAMOCTAJTHOT XOfa.
3ak/pyuak MHoru aytopu npefiaxy Bognye 3a feyerbe Cnu-
HanHe TybepKynose y3umajyhu y 063up dasy 6onecty, ctapo-
CHy B06 6onecHuKa, yrao Kudose, Kao u gpyre daktope. Mu
CcMaTpamo fAa je NepcoHan3oBaHN MEANLIMHCKI MPUCTYN Haj-
60/b1 NPUCTYN CBAaKOM 6ONECHUKY.

KmbyuHe peun: kndpotryHy gedopmuTeT; napanneruja kacHor

noyeTKa; Ty6epKyosa KNuMe; CTeHo3a CMUHANHOT KaHana; Xu-
neptpodwja XyTor nurameHTa
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Renal cell carcinoma of a horseshoe kidney
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SUMMARY

Introduction Horseshoe kidney is the most common developmental disorder of the urinary system,
which involves an anomaly of kidney fusion, and occurs in 3% of the population. Kidneys are most often
connected at the lower poles by fibrous or parenchymal isthmus. Renal cell carcinoma (RCC) is the most
common tumor of the horseshoe kidney. Treatment involves surgical treatment that includes hemine-
phrectomy or partial nephrectomy with different approaches. We report a case of RCC of a horseshoe
kidney, located on the lower pole and the isthmus.

Case outline A 68-year-old patient reported to the urologist due to intermittent painless macroscopic
hematuria. Computed tomography urogram revealed the presence of a tumor on the right kidney, mea-
suring 85 x 90 X 60 mm, with radiological characteristics of RCC, which covered the entire lower pole of
the kidney towards the isthmus. Angiography finding indicated a thickened isthmus with pronounced
malformation of vascular structures. The right heminephrectomy was performed with resection of the
isthmus from 15 mm to the healthy tissue. The isthmus was sutured in two layers with a catgut suture.
Subsequently, hilar, paracaval, and interaortocaval lymphadenectomies were performed. The patho-
histological finding indicated a tumor of renal cell origin, while the resection line was free of the tumor
tissue, as were the lymph nodes.

Conclusion RCC is the most common neoplasm of the horseshoe kidney. Treatment is surgical and
involves open or laparoscopic heminephrectomy or partial nephrectomy with a transperitoneal or ex-

traperitoneal approach.

Keywords: horseshoe kidney; renal cell tumor; nephrectomy

INTRODUCTION

Horseshoe kidney is the most common devel-
opmental disorder of the urinary system, which
involves an anomaly of kidney fusion, and oc-
curs in 3% of the population. This anomaly oc-
curs in the fetal period, between the fourth and
sixth weeks of life, and occurs in 1-4 people
per 1000 births [1]. Horseshoe kidney occurs
more often in men than in the female popula-
tion in the ratio of 2:1. Developmental disorders
of other parts of the urogenital tract as well as
other organ systems may be associated with the
appearance of the horseshoe kidney. Kidneys
are most often connected at the lower poles by
the fibrous or the parenchymal isthmus, which
can have its own blood vessels [2].

Renal cell carcinoma (RCC) is the most
common tumor of the horseshoe kidney, but
the risk of developing of this disease is similar
to the risk in kidneys without developmental
disorders. The highest incidence of RCC is in
the seventh and eighth decades of life, while the
most common risk factors for RCC are tobacco
exposure, obesity, and hypertension. The risk of
developing Wilms’ tumor and tumors of tran-
sitional epithelium increases two to six times
in horseshoe kidneys [3]. The diagnosis of the
horseshoe kidney is most often made acciden-
tally due to the examination of other diseases
and conditions such as arterial hypertension.
Symptoms that may indicate the presence of a

malignant process are hematuria and nonspe-
cific abdominal pain. Diagnostic procedures
include ultrasonographic examination, cystos-
copy, angiography, computed tomography (CT)
with urography and nuclear magnetic resonance
of the abdomen and the lesser pelvis [2, 3].

Treatment involves surgical treatment that
includes heminephrectomy or partial nephrec-
tomy with different approaches. These surgical
procedures can be complicated by the presence
of pathological vascularization and the impos-
sibility of resection of the isthmus. We report a
case of RCC of a horseshoe kidney, located on
the lower pole and the isthmus.

CASE REPORT

A 68-year-old patient reported to the urologist
due to intermittent painless macroscopic hema-
turia that lasted two months. Complete blood
and biochemical analyses were within the refer-
ence values. The urine culture was sterile. Arte-
rial hypertension was common comorbidity.
Ultrasonographic examination revealed a tumor
mass of the right kidney measuring over 80 mm,
which extended interpolarly towards the lower
pole of the kidney. The lower pole of the kidney
was connected to the left kidney by an isthmus.
An ultrasound examination indicated a dilata-
tion of the pyelocalyx system of the right kidney,
while the pyelocalyx system of the left kidney
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Figure 1. Computed tomography urography showed the presence of
a tumor on the right kidney measuring 85 x 90 x 60 mm, with radio-
logical characteristics of renal cell carcinoma, which covered the entire
lower pole of the kidney towards the isthmus

Figure 2. Angiography finding indicated a thickened isthmus with
pronounced malformation of vascular structures

was normal, without calculosis. Next, CT urography was
performed, which showed the presence of a tumor on the
right kidney, measuring 85 x 90 x 60 mm, with radiologi-
cal characteristics of RCC, which covered the entire lower
pole of the kidney towards the isthmus (Figure 1). The
pyelocalyx system of the right kidney and the initial part
of the right ureter were dilated. The left pyelon and the left
ureter along the entire length of the course were normal.
The angiography finding indicated thickened isthmus with
pronounced malformation of vascular structures (Figure
2). It was decided to perform a right heminephrectomy by
extraperitoneal approach, with an enlarged lumbotomy
incision and resection of rib XI (Figure 3). The right kidney
with the tumor mass, the right ureter, the inferior vena
cava, and the entire isthmus were dissected and the left
ureter was identified. Next, a right heminephrectomy was
performed with resection of the isthmus from 15 mm to
the healthy tissue. A sample of isthmus tissue from the
resection line was sent for pathohistological analysis. The
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Figure 3. Right heminephrectomy by extraperitoneal approach, with
an enlarged lumbotomy incision and resection of rib XI

Figure 4. The isthmus was sutured in two layers with a catgut su-
ture; hilar, paracaval, and interaortocaval lymphadenectomies were
performed

isthmus was sutured in two layers with a catgut suture
(Figure 4). The hemostasis was correct. Subsequently, hilar,
paracaval, and interaortocaval lymphadenectomy were
performed. The postoperative course was uneventful, and
the patient was discharged from the hospital on the 10th
postoperative day. The pathohistological finding indicated a
tumor of renal cell origin, while the resection line was free
of the tumor tissue, as were the lymph nodes. After three
years, a control CT finding of the abdomen, the pelvis, and
the chest showed no local recurrence of the disease or the
presence of secondary deposits.

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

DISCUSSION

Horseshoe kidney is the most common anomaly of kidney
fusion and it is more common in men than in women. Its
frequency is estimated at about 0.25% of the total popula-
tion. Genetic predisposition has not been proven, although
this anomaly has been identified in twins and siblings
within the same family. The horseshoe kidney consists of
two different functional kidneys on each side of the medial
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line of the body, which are connected to the lower poles by
the isthmus. The isthmus contains blood vessels, functional
tissue of the renal parenchyma, or connective tissue [4, 5].

Renal cell tumor is the most common neoplasm that
occurs on the horseshoe kidney in about 50% of cases,
while transitional cell carcinoma and Wilms’ tumor are
present in about 25% of cases. The etiological factors are
not completely known, but the carcinogenesis of RCC can-
not be related to the presence of a congenital defect [6].
Predisposing factors for the development of transitional cell
carcinoma of the horseshoe kidney are obstruction, chronic
infection and the presence of calculosis. The tumor can be
localized in any part of the kidney, but is mostly located
on the isthmus [1, 6]. In 1976, David Buntley presented
111 cases of tumors that developed in horseshoe kidneys,
where RCC had the highest frequency [1]. Similar data
have been published in contemporary literature.

The presence of this anomaly is in most cases asymp-
tomatic and is detected incidentally in the process of di-
agnosing other processes and conditions. Symptoms are
associated with hydronephrosis, infection, and calculus
formation. Hematuria and nonspecific abdominal pain
may indicate horseshoe kidney malignancy [7]. Abdominal
aortic aneurysms and ovarian tumors must be considered
as differential diagnoses. Diagnosis of horseshoe kidney
tumors involves the same radiological methods used in
the diagnosis of physiological development of kidney dis-
eases, which include ultrasonographic examination of the
abdomen and the lesser pelvis, CT urogram, angiography
and nuclear magnetic resonance of the abdomen and the
lesser pelvis [7, 8].

Heminephrectomy is indicated for the localization of
tumors in the central part of the kidney, for tumors of larger
dimensions, tumors in unfavorable position to the pyelo-
calyx system and vascular stem, in cases of a thicker and
highly vascularized isthmus, as well as in elderly patients.
Heminephrectomy usually involves a transperitoneal ap-
proach, while in certain cases the method can be reported
with an extraperitoneal lumbotomy approach [4, 9].
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If the tumor mass is localized at the poles, and its di-
mensions do not exceed 40 mm, the method of choice is
sparing surgery, partial nephrectomy, which involves extra-
peritoneal and transperitoneal approach, or laparoscopic
method using the same approaches [10]. When setting
the indication for partial nephrectomy, three important
characteristics of the horseshoe kidney must be taken into
account: malformations of blood vessels, parenchymal
or fibrous structure of the isthmus, and the anatomical
position of the kidney itself [11]. In about 30% of cases of
horseshoe kidney, one renal artery was observed, while a
large number of vascular anomalies are found in about 70%
of cases. The structure of the isthmus and the malforma-
tions of the blood vessels that supply it bear great influence
on the choice of surgical method [12, 13]. In certain cases,
preoperative superselective embolization of pathological
blood vessels of the tumor can be performed, which enables
a more efficient and safer surgical treatment [14].

In the presented case, the tumor measuring over 80 mm
affected the entire lower pole and the isthmus, which was
extremely thickened with a large number of blood vessels,
so it was decided to perform heminephrectomy by the
extraperitoneal approach, with an enlarged lumbotomy
incision and resection of rib XI.

RCC is the most common neoplasm of the horseshoe
kidney. The incidence of this tumor on the horseshoe kid-
ney is not higher in relation to the population with normal
fetal kidney formation. Diagnostic methods and prognostic
factors are the same as for kidney tumors with undisturbed
development. Treatment is surgical and involves open or
laparoscopic heminephrectomy or partial nephrectomy
with a transperitoneal or extraperitoneal approach. Sig-
nificant characteristics of the horseshoe kidney that must
be taken into account: malformations of blood vessels,
parenchymal or fibrous structure of the isthmus, and the
anatomical position of the kidney itself, which can deter-
mine the type of surgical treatment.
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KapunHom 6ybperkHor napeHxnma Ha noTKoBM4YacTom bybpery

Munomup Tyderyuh', Bnagummp Bacuh', JoBaH Xayin-Hokuh?

'KnuHnyko-60nHmYKM LeHTap ,3Be3napa’, KnuHnuko oferbere yponoruje, beorpag, Cpbuja;

*Cpncka akagemuja Hayka 1 ymeTHocTw, beorpap, Cpbuja

CAXETAK

YBop lNoTkoBUYacT 6y6per je Hajuewhn pa3BojHy nopemehaj
MOKpahHor cuctema Koju noagpasymeBa aHoManujy ¢ysuje 6y-
6pera 1 jaBrba ce Kof, 3% cTaHOBHMLWTBA. by6pe3n cy npeko
[OHblIX MOJIO0BA MOBE3aHN UCTMYCOM, KOjui MOXe 61TI n3rpaheH
o[} BE3VMBHOT M/IM NapEHXMMCKOT TKMBa bybpera. KapunHom
6ybpexxHor mapeHxrMa Hajuyelhv je TYMop Ha MOTKOBUYACTOM
6y6pery. Jleuetse je XMpypLLKO 1 NOAPa3yMeBa XeMUHeDPEKTO-
MUjy UV Napumjanty HedpeKToMujy ca PasfnymTIM NPUCTY-
nvma. MprKasyjemo ciyyaj KapLyHoma 6y6pexxHOr napeHxu-
Ma MoTKoBMYacTor 6ybpera, 10Kannm30BaHOr Ha JOHEM MoJTy
N NCTMYCY.

Mpukas 6onecHukKa Llle3gecetocmoroaniubm 60NeCHUK ja-
BUWO Ce yposiory 36or noBpemeHe 6e360/1He MaKpOCKOMCKe
xematypuje. KT yporpaduja je mokasana npucycTso Tymopa
Ha lecHom By6pery, armeH3uja 85 X 90 X 60 mm, ca paguonoL-
KVM KapaKTepucTMkama KapLmHoma 6y6pexHor napeHxrma,

DOI: https://doi.org/10.2298/SARH200617072T

Koju je 3ay31mMao Lieo Aou non bybpera npema uctmycy. Hanas
aHrmnorpaduje ykasueao je Ha 3aaebsbaHn NCTMYC Ca U3paxe-
HOM MandopmaLiMjomM BacKynapHuX CTpyKTypa. M3BefeHa je
JecHa XeMvHedpeKToMMja ca pecekLmjom nctmyca og 15 mm
[0y 34paBo TKMBO. MIcTMyC je ylumBeH y ABa C/10ja ca KaTryT-
HUM LWaBom. [ocne Tora cy ypaheHe xunapHa, napakasanHa 1
VHTepaopToKaBasHa TMMpageHeKToMyja. MaToXMCTONOLIKK
Hanas yKa3suBao je Ha Tymop nopeksna bybpexHux henwja, pok
je nMHWja peceKumje Ha cTMycy 6una 6e3 TYMOpCKOr TKMBa,
Kao v TIMMdHN YBOPOBHYI.

3akrmbyyvak KapLunHom 6y6pexxHor napeHxuma je Hajuewhn Ty-
MOPp NoTKoBMYacTor by6pera. Jleuerbe je XMpYpLIKO 1 YKIbyuyje
OTBOPEHY VNN NTaNapOCKOMNCKY XeMUHebPEKTOMUjy Un nap-
LmjanHy HedpeKToMujy ca TPaHCMEPUTOHEANHAM UMK eKCTPa-
MepUTOHeaNH!M NPUCTYTOM.

KrbyuyHe peun: noTKoBuYacT 6ybper; KapumHom 6ybpexxHor
napeHxuma; HeppekTomuja
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SUMMARY

Introduction Esophageal achalasia is a neurodegenerative motility disorder, which is characterized
by ineffective or absent esophageal peristalsis and the lack of hypertonic lower esophageal sphincter
relaxation. Achalasia causes failure to thrive in children and can have serious respiratory complications.
Achalasia is a very rare condition in pediatric population, and usually misdiagnosed as gastroesophageal
reflux. The treatment of choice is Heller esophagocardiomyotomy.

The aim of this paper is to present a rare case of a two-year-old child with achalasia, diagnostic procedures,
and successful operative treatment.

Case outline The patient’s problems started at the age of six months, with audible breathing and respi-
ratory stridor. The child was admitted at a local hospital at seven months of age, dismissed with dietary
advices, again admitted at the age of 19 months, and transferred to our institution. Upper gastrointestinal
series and computed tomography revealed findings characteristic for achalasia, and on esophagoscopy
exam there was no opening of lower esophageal sphincter and cardia on insufflation. Pneumatic dilation
was performed with temporary improvement. Laparotomic Heller esophagocardiomyotomy with Dor
partial fundoplication was successfully performed.

Conclusion Achalasia is a very rare condition in infants and young children. There is often a delay when
establishing the correct diagnosis. Upper gastrointestinal series and endoscopic exam are most reliable
methods to detect achalasia. Pharmacological treatment, intrasphincteric injection of botulinum toxin
and pneumatic dilations are not efficient methods, especially in small children. The method of choice in

the treatment of achalasia is Heller esophagocardiomyotomy with partial fundoplication.

Keywords: achalasia; children; surgery

INTRODUCTION

Esophageal achalasia is a neurodegenerative
motility disorder of the esophagus, character-
ized by ineffective esophageal peristalsis and
the absence of relaxation of hypertonic lower
esophageal sphincter (LES), due to degenera-
tive changes of inhibitory fibers and ganglion
cells of esophageal Auerbach myenteric plexus
[1, 2]. The clinical symptoms of achalasia were
first described by Thomas Willis in 1674. The
term achalasia was introduced by A. F. Hertz
in 1914 and Hurst in 1927. The term cardio-
spasm has also been used for a long time. Some
authors believe that achalasia could arise due
to the disorder of extraesophageal innervation
via the dorsal nuclei of the vagal nerve [2]. Cas-
sella showed that in 68% of esophageal samples
of patients with achalasia, the degeneration, or
absence of ganglion cells were present [3].
The incidence of achalasia is 1:100,000 peo-
ple, with symptoms mainly occurring in ado-
lescents and adults between the ages of 30 and
60 [1, 4, 5]. Only 3-5% of patients are younger
than 14 years, and the disease is extremely rare
in infancy [5]. However, a case of premature in-
fant weighing 1200 gr with achalasia is reported
[5]. Some authors found the annual incidence
of achalasia in children 0.11:100,000, mostly
between the ages of seven and 12 [1]. Achalasia

can be a primary congenital disorder, a con-
sequence of some infectious diseases (Chagas
disease, varicella and viral esophagitis), or auto-
immune diseases (Guillain-Barre acute polyra-
diculoneuritis, Sjogren syndrome, eosinophilic
esophagitis and scleroderma) [2]. Achalasia can
be a part of Allgrove syndrome, together with
alacrima and adrenal insufficiency (triple A)
[4]. Some authors reported cases of transitory
achalasia in infants with low birth weight or
with Pierre Robin malformation [4]. Achala-
sia causes dysphagia, regurgitation, vomiting,
aspiration of esophageal content with respira-
tory problems, anorexia, and failure to thrive.
This disease can be complicated by obstructive
bronchiolitis, lung abscess, pleural empyema,
and pulmonary fibrosis.

The diagnosis of achalasia is established by
esophageal manometry [6], esophagoscopy, up-
per gastrointestinal (GI) series and computed to-
mography (CT). The treatment can be conserva-
tive or surgical. Conservative treatment consists
of lowering LES pressure pharmacologically (an-
ticholinergic and antispasmodic medicaments)
or by intrasphincteric injection of botulinum
toxin. Nowadays, the conservative treatment
can be applied only in very mild to moderate
forms of achalasia, usually with unsatisfac-
tory long-term effects [4]. Pneumatic dilation
(PD) of the LES also can give only temporary
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positive results. The surgical treatment consists of Heller
esophagocardiomyotomy (HE). The longitudinal splitting
of smooth muscular fibers is made in the distal esophagus,
cardia, and gastric fundus. An antireflux procedure should
be performed at the same time, preventing postoperative
gastroesophageal reflux (GER). Nowadays, HE is considered
the treatment of choice for achalasia, especially in children.

CASE REPORT

The patient’s problems started at the age of six months,
when the intake of mushy and firmer foods began. An-
amnestic data suggested that liquids and milk intake was
pretty well tolerated. After food intake there was audible
breathing, wheezing and respiratory stridor, without cya-
nosis. The child was admitted to a local hospital at seven
months of age, lung radiographs, laboratory analyzes and
otorhinolaryngological (ORL) examination were per-
formed, and the patient was dismissed home with medi-
cal advice concerning food intake. At the age of 19 months
the child was admitted again, and then transferred to our
hospital. On admission, the child was malnourished, with
body weight of 10.7 kg and body height of 83 cm. Lung
auscultation revealed inspiratory stridor. Early psycho-
motoric development was regular. The patient’s father was
operated on because of hypertrophic pyloric stenosis. Pul-
monary radiograph exam showed hilifugal bilateral salient
interstitial drawing. Upper GI series revealed the mark-
edly dilated esophagus, while it's terminal part tapered
conically and contrast, in a thin jet and in small amounts,
passed into the stomach (Figure 1). Endoscopic exam re-
vealed remained food in esophageal lumen, the dilated
esophagus, and stenotic cardia not opening to insufflation.
Esophageal narrowing at the level of the diaphragm was
dilated by esophageal balloon N°10-12 to 2/3 of balloon
width. For the first two weeks after dilation, the child’s
condition improved, but the recurrence occurred. The
child was admitted again after 50 days, with the same com-
plaints. The planned esophageal manometry at another
institution could not be done because of the child’s age.
Chest CT scan recorded the dilation of the cervical and
thoracic parts of the esophagus, with a maximum diam-
eter of 17 mm in the anteroposterior (AP) direction, and
27 mm in the laterolateral (LL) direction. The esophageal
wall was uniformly 3 mm thick, and hydroaeric level in
the lower esophagus was prominent. When the patient
was two years old, he was operated on. After medial lapa-
rotomy, the thoracic esophagus was mobilized, the vagal
nerve identified and trapped. The longitudinal myotomy
was performed, engaging 3 cm of the distal esophagus,
cardia and 3 cm of the gastric fundus (Figure 2). The car-
diomyotomy was difficult to perform due to the scar tissue,
caused by previous PD. Esophageal and gastric mucosal
prolapse occurred. The Dor anterior gastric fundoplica-
tion in the length of 2.5 cm was performed. Postoperative
course was uneventful. Control upper GI series showed
no contrast extralumination, esophageal dilation was still
present, but contrast passed into the stomach faster and

‘ DOI: https://doi.org/10.2298/SARH200512055S
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Figure 1. Preoperative ra-
diography

Figure 3. Postoperative
radiography

in a thicker jet (Figure 3). The patient was readmitted two
months later. Food intake was significantly better and ma-
jor complaints reduced. Contrast upper GI study showed
uniformly expanded esophagus, and the distal part of the
esophagus moderately narrowed, but barium passed into
the stomach without delay. There were no signs of GER.
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Esophageal PD was performed and moderate stenosis at
the cardia level completely dilated by the balloon 10-12
mm. After that, in six months follow-up the patient had
no complaints or swallowing problems.

DISCUSSION

Esophageal achalasia in children is a rare disease and is
often misdiagnosed as GER or, less commonly, as eating
disorders, idiopathic failure to thrive, or bronchial asth-
ma. Many studies have shown that achalasia in infants and
young children manifests with difficulty feeding, noctur-
nal cough, wheezing, stridor, acute upper respiratory tract
obstruction and recurrent respiratory infections, and in
older children with symptoms of GER, sore throat, cough
and hoarseness. Overall, the most presenting symptoms are
regurgitation (83%), dysphagia (71%), poor growth (54%)
and respiratory symptoms (41%) [7]. The diagnosis of acha-
lasia is difficult to establish in children under five years
of age, since its incidence is very low, and often there is a
delay in making the diagnosis and applying the appropri-
ate treatment [1]. Although 18% of pediatric patients have
symptom onset during infancy, in only 6% of patients the
diagnosis of achalasia is established during infancy [7]. In
a meta-analysis made by Myers et al. [7], performed on 175
pediatric patients worldwide, achalasia has the predilection
for male sex (61%:39%), and family cases and associated
disorders are very rare. Poornachand et al. [1] state that the
median time from symptoms onset to diagnosis is nearly
three years. The patient’s age and the rarity of achalasia in
pediatric population are the reasons that our patient’s con-
dition was considered as distal esophageal peptic stenosis
due to GER and treated by antiulcer therapy. Esophageal
manometry is the gold standard, as it shows the elevated
basal pressure of LES, the absence of its relaxation on swal-
lowing, and the absence or reduction of esophageal peristal-
sis [1]. Unfortunately, this procedure was not performed in
our patient because of his age. High-resolution impedance
manometry can be very useful in the diagnostics [8, 9]. CT
scan, contrast studies, and esophagoscopy are very reliable
and useful diagnostic methods. Upper GI series, showing
dilated, aperistaltic esophagus and narrowed esophagogas-
tric junction as “bird beak” is diagnostic in more than 92%
of patients [7]. Our patient’s CT, radiography and esopha-
goscopy findings were characteristic.

The decreased esophageal peristalsis and the absence
of LES relaxation cannot be repaired, so the treatment is
aimed to reducing LES pressure. Conservative treatment of
achalasia is based on the reduction of LES pressure by us-
ing anticholinergic and spasmolytic medications. Admin-
istration of isosorbide dinitrate, calcium channel blockers
and nifedipine showed some positive effects in adults, but
not in children [1, 8]. In our patient this kind of medical
treatment was not applied because of his age. Intrasphinc-
teric injection of botulinum toxin also does not give sat-
isfactory results [1]. The botulinum injection treatment
was not considered as a therapeutical mode in our patient,
considering negative results announced in many articles

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):765-768

and the child’s age. In adult patients, PD can achieve suc-
cess in 70-80% [10]. Azizkhan et al. [11], however, showed
that in pediatric population only 25% of patients respond-
ed favorably to repeated PD, while 75% had to undergo
a myotomy subsequently, emphasizing that PD was not
successful in any child younger than nine years. Jung et
al. [4] recorded the higher success rate of PD comparing
to Heller operation (55.5%:44.5% after six months, and
65%:40% after 24 months), but they do not recommend
PD in children below six years of age. PD of the esophagus
was made in our patient because of the suspicion of distal
esophageal peptic stenosis. Peroral endoscopic myotomy is
anew method that is gradually gaining importance in the
treatment of achalasia in children [1, 8, 12]. However, the
surgical treatment, based on esophagocardiomyotomy, has
proven to be the most effective method for the treatment of
achalasia [1]. Esophagocardiomyotomy can be performed
by an abdominal or thoracic approach, but the abdominal
approach is preferrable because of possibility of performing
the antireflux procedure. Myotomy is followed by partial
gastric fundoplication in order to reduce the incidence
of postoperative GER (from 13% to 7%), although some
authors consider it unnecessary [6]. Myotomy with fundo-
plication have higher success rate comparing to myotomy
alone (91%:73%) [7]. The success rate of HE in children
below six years of age is 75% at six months, and 83% at 24
months of follow up [2]. Some authors reported the overall
success rate of the treatment of achalasia in children, by PD
or HE, or both, of 57% after six months, and 64% after 24
months of follow up [7]. Other authors recorded success
rate in children of 70-90% after 24 months, similar to the
success rate in adults of 80-90% [4]. In our patient, the my-
otomy was made longitudinally and encompassed about 3
cm of the distal esophagus and 3 cm of the gastric fundus,
with mucosal prolapse and without mucosal opening. The
length of myotomy was shorter than presented in literature,
considering the patient’s age. Esophagocardiomyotomy
was difficult, due to the scar tissue caused by previous PD.
The Dor anterior gastric fundoplication in the length of
2.5 cm was performed in order to prevent postoperative
GER, as well as to cover the denuded mucosa. Nowadays,
laparoscopic esophagocardiomyotomy, with or without
fundoplication, has gained primacy over laparotomic, as an
effective method that allows quick recovery, short hospital
stay and good definitive outcome [1, 13, 14, 15].

Despite a very low incidence in pediatric population,
esophageal achalasia must be considered as a cause of regur-
gitation, failure to thrive and respiratory problems in infants
and children. Once there is a suspicion, the diagnosis can
be easily made by esophageal manometry, upper GI series
end endoscopic exam. The surgical treatment, consisted of
HE and partial wrapping of gastric fundus, is a method of
choice in the treatment of children with achalasia.

Informed consent statement: Consent was obtained from
the patient’s mother for the publication of this report and
any accompanying images.

Conflict of interest: None declared.
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Axanasuja jearbaka Koa Aevaka og Ase roguHe

Hophe Casuh'? Maja Munuukosuh'?, iparaH Mpokuh'?, Mupocnas BykaguH', iejaH CTojakos?®
MHCTUTYT 32 30paBCTBEHY 3alTUTY Majke 1 feTeTa Cpbuje,Jlp Bykan Uynuh', Beorpag, Cpbuja;

*YuusepauTeT y beorpaay, MeauumHcki Gakyntet, beorpag, Cpbuja;

*KnuHnuko-60nHnuKi LenTap ,[lp Apariwa Muwosuh - leaute’; beorpap, Cpbuja

CAXETAK

YBop E3odareanHa axanasuja je HeypogereHepaTMBHU No-
pemehaj NoKpeT/bMBOCTH jefHbaKa, Koju ce KapaKTepulle
HeedUKAaCHOM UM OLCYTHOM NEPUCTANTUKOM jefilbaka, Kao 1
O[iCYCTBOM penaKcaLyije XMnepToHNYHOT AoHer e30parycHor
cduHKTepa. Axanasmja y3poKyje 3acToj y Hanpeposaty AeLe v
MO>Ke MMaTy 036MIbHE pecnupaTopHe Kommnmkaumje. Axana-
31ja je BEOMa PETKO CTakbe Y ieyjoj nonynawuju 1 06nyHo ce
MOrpeLLHO AUjarHOCTMKYyje Kao ractpoesodarycHn pednykc. Me-
Tofa u3bopa y neyerby je Xenepoa e3odparokaparioMmmoTommja.
Linmb oBor paga je Aa ce nprikaxe pefdak ciyyaj axanasuje Kog
[ABOrofvtber feTerta, AMjarHOCTUYKM NOCTYNUM 1 YCNELHO
OnepaTMBHO Jleyetbe.

Mpuka3s 6onecHnKa Terobe cy novesne y y3pacTy of WwecTt
MeceLu Y BUAy UyjHOT Ancara 1 pecnpaTopHOr cTpugopa.
BonecHuK je npumsbeH y nokanHy 601HULYY Y y3pacTy of ce-
[aM MeceLu, OTMYLITEH ca MpernopyKama O MCXpaHu, a MOHOBO
NPUM/bEH Yy y3pacTy o 19 meceum 1 NpeBefeH Yy Hally yCTaHo-

DOI: https://doi.org/10.2298/SARH200512055S

BYy. KoHTpacTHa pagrorpaduja 1 KomnjytepusoBaHa TOMOrpa-
duja cy nokasanum Hanase KapakTepuCTUYHe 3a axanasujy, a
Ha e30(arockonckom npernegy Huje 6uno oTBaparba AoHEr
e3odarycHor comHKTepa 1 Kapamje Npu nHcydnauujn. YummeHa
je MHeymaTCKa aunataumja ca nprBpeEMEHIM NOOOsbLIAEM.
3aTuM je TanapoTOMMjCKIM YCMELHO yuntbeHa XeniepoBa Kap-
AMOMMOTOMYja Ca fenuMuyHoM GyHaonmKauujom no Jopy.
3aksbyyak Axanasuja je BeOMa peTko CTatbe KOof OAojYaam v
Marne fietie. YecTo NocToju Kallkberbe y NoCTaB/bakby TauHe Auja-
rHo3e. KoHTpacTHa pagnorpaduja v eHLOCKOMNCKY Npernes cy
Hajnoy3aaHuje MeTofe 3a NocTaB/batbe AnjarHo3e axanasuje.
(DapmaKonoLwKy TpeTMaH, MHTPacGUHKTEPUYHA MHjeKLja 60-
TYAVHYM TOKCVHA U MHeyMaTCKa Annatauuja Hucy edrkacHe
MeTofie, HapounTO Ko Masne Aelie. Metofa n3bopa y neyemy
axanasuje je XenepoBa e3oparokapMoM1MOTOMMja ca fenu-
MUYHOM OYHIOMANKALIM]OM.

KrbyuHe peun: axanasuja; geua; xmpypruja
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SUMMARY

Introduction Drug rash with eosinophilia and systemic symptoms (DRESS) syndrome (sy) to carbam-
azepine has a heterogeneous clinical presentation.

The aim of this report is to indicate the efficacy of immunoglobulin G in the treatment of corticosteroid-
resistant DRESS sy.

Case outline An adolescent suffering from epilepsy treated with carbamazepine and Na-valproate was
hospitalized for fever, elevated transaminases, lymphadenopathy, splenomegaly. There was an eruption
of skin efflorescence daily. On the sixth day of hospitalization, the number of eosinophils increased to
24% (780/ml absolute number). There was no desired response to methylprednisolone during the first
eight days of treatment or to prednisolone during further treatment, with concomitant administration
of antihistamines from day one of hospitalization, to Na-valproate, metformin hydrochloride, elimination
diets, and carbamazepine withdrawal. Significant clinical, hematologic, and biochemical improvement
occurred the day after the first dose of intravenous immunoglobulin G (IVIG).

Conclusion We point out the need to change the DRESS sy treatment recommendations in favor of the
IVIG (as soon as the third or fourth day of treatment) in patients in whom the treatment with corticoste-
roids has no effect. Until new cases of the proven role of IVIG in the treatment of DRESS sy are published,
corticosteroids remain the first therapeutic choice.

Keywords: drug hypersensitivity syndrome; pediatrics; corticosteroids; immunoglobulin G

INTRODUCTION

We are already aware of the mechanisms of
the hypersensitive reaction to carbamazepine
(IVb/c) in the clinical form named drug rash
with eosinophilia and systemic symptoms
(DRESS) syndrome (sy) [1, 2, 3]. The hetero-
geneous clinical presentation of DRESS sy is
always a challenge, especially if the administra-
tion of carbamazepine for five to six weeks is
accompanied by the use of Na-valproate and
metformin (previous seven months), all pre-
ceded by the infection with herpes simplex vi-
rus type 1 (HSV1) [4, 5, 6]. There are two ques-
tions in these circumstances: 1) Is the adverse
reaction to the drug purely pharmacological
(type B), i.e. pharmacological interaction with
the immune receptors (p-i), or is it predomi-
nantly immune, resulting from the loss of the
control mechanism of the immune system due
to the previous contact with viruses?; and 2)
Why is the efficacy of corticosteroids unsat-
isfactory so that the successful control of the
clinical picture of DRESS sy is achieved with
the application of class G immunoglobulins
(Ig)? 7, 8,9].

In this study, we presented a 16-year-old
patient whose DRESS sy has been successfully
resolved with IVIG.

CASE REPORT

A 16-year-old girl was hospitalized due to the
fever up to 38.5°C during the previous day, el-
evated transaminases, discrete lymphadenopa-
thy, splenomegaly, whereas subjectively in good
general condition. In the past few years, the ad-
olescent was treated for Na-valproate epilepsy,
but since the seizures were being reported in
recent months, carbamazepine was added five
to six weeks prior to this hospitalization. In-
sulin resistance was determined seven months
earlier, which is the reason of her regular use
of metformin.

During the first seven days of hospitaliza-
tion, the patient fevered up to 38.5°C mainly in
the evening, and there was a daily eruption of
skin efflorescence [predominantly in the form
of erythematous rash (partly maculopapular)
and partly in the form of urticates on the trunk,
upper and lower extremities, neck, occasionally
on the face), followed by itching, without ac-
companying bullae, present clinically until the
ninth day of hospitalization. Edema of the face
manifested itself on the fifth to seventh day of
hospitalization. During the first nine days of
hospitalization, lymphadenopathy in the neck
was pronounced, bilateral, along the sternoclei-
domastoid and the submandibular muscle, with
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nodules up to 2 cm in diameter, arranged in a row, painless
and mobile relative to the base. During this period, the
adolescent had normal vital functions, including adequate
diuresis, but easily adynamic, which is due to the disease
and the use of double doses of antihistamines (cetirizine).
Hematological and biochemical analyzes performed
upon admission showed the following: leukopenia (3.9 x
10°1) with 21% monocytes and 10% eosinophils (380/ml
absolute number), CD4/CD8 ratio was 1031/637/ul (1.62),
total CD3 was 1714/ul; high values of transaminase AST
was 164 IU/], ALT was 125 IU/I, gamma-GT was 780 IU/I,
lactic dehydrogenases 925 U/l, alkaline phosphatases 553
IU/1, B-type natriuretic peptide 1395 pg/ml, CRP 27 mg/],
and at the same time reduced values of fibrinogen-C
(1.9 g/1), activated thromboplastic time of 22.4 seconds,
serum IgG concentration of 6.64 g/, and vitamin D of
10.7 ng/ml. The consumption of IgG in addition to normal
serum IgE, IgA, IgM values was followed by the increase in
C3 (2.87 g/1) and C4 (0.59 g/1) complement components.
On the fifth day of hospitalization, the number of eo-
sinophils increased to 12% (720/ml absolute number), and
on the sixth day of hospitalization to 24% (780/ml absolute
number), while at the same time monocytosis was main-
tained at 17%. Both disorders in blood cells’ number were
normalized by day 16 of hospitalization. Platelet and eryth-
rocyte counts were always within normal limits. Spleno-
megaly was pronounced on the ninth day of hospitalization
(134 x 82 mm), and normalized by the 16th day of hospital-
ization, and hepatomegaly was pronounced on the 16th day
of hospitalization (anteroposterior diameter of 160 mm),
and normalized by the 24th day of hospitalization.
Serologic testing revealed an elevated IgG antibody titer
for HSV1, while within the normal range were the titers of
other antibodies (HSV1-IgM, HSV2-IgG and IgM, as well
as IgG- and IgM- for Epstein-Barr virus, heterophilic anti-
bodies, cytomegalovirus, Toxoplasma, parvoB19, hepatitis
A, C, HBsAg, Mycoplasma pneumoniae, antistreptolysin
titer, lupus antibodies LAC and LAC-SCT). The following
biochemical analyses from serum were within the refer-
ence ranges: erythrocyte sedimentation, procalcitonin, pro-
thrombin time, international normalized ratio, D-dimer,
ferritin, gas analysis, ionogram, glycemia, hemoglobin-Alc,
urea, creatinine, proteins, albumin, troponin-hs-I, creati-
nine kinase, muscle creatinine kinase, valproic acid level,
thyroid stimulating hormone, free thyroxine, antinuclear
antibodies. No nasal and pharyngeal swab revealed patho-
genic germs, nor did the examination of the stool reveal
intestinal parasites and Giardia lamblia. Urinalysis, occult
bleeding stools, lung, and heart X-rays, heart and kidney
and pancreatic ultrasound findings, spirometric findings,
pulmonary, cardiac, and infectological clinical examina-
tions were all within the reference values. The neurological
finding was unchanged compared to the previous period.

DISCUSSION

Significant clinical, hematologic and biochemical improve-
ment occurred the day after the first dose of IVIG, i.e.

‘ DOI: https://doi.org/10.2298/SARH191020087S
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the IVIG therapy was life-saving in this case [10, 11]. In
fact, we started treatment according to RegiSCAR scor-
ing: six out of six criteria for DRESS sy were established
and according to this, the treatment was performed with
a corticosteroid at a dose of 1 g/kg of body weight (meth-
ylprednisolone) intravenously (iv) for eight days with
continued antihistamine (cetirizine was administered at
twice the regular dose) as well as with the elimination diet,
withdrawal of carbamazepine on day sixth of hospitaliza-
tion, and increased doses of Na-valproate of 1500 mg/day
[5]. As the described clinical picture was maintained until
the ninth day of hospitalization, and despite the eight days
administration of methylprednisolone (iv), the treatment
was continued with iv IgG (IVIG, human normal immu-
noglobulin for intravenous use), even though the indica-
tion was not justified by the data from controlled clinical
studies but based on case reports [10, 11, 12]. Two doses of
IVIG were administered at 0.4 g/kg in eight-day intervals.
There was no desired response to methylprednisolone dur-
ing the first eight days of either treatment nor to predniso-
lone during further treatment, with concomitant adminis-
tration of antihistamines from day one of hospitalization,
Na-valproate, metformin hydrochloride, elimination diets,
and carbamazepine withdrawal. No adverse effects were
observed after the administration of two doses of IVIG.

The systemic corticosteroid acts nonspecifically on the
tissue by inhibiting the local immune response of the tis-
sue to various stimuli and injuries but does not block the
release of mediators, which is the rationale for the ineffec-
tive administration of corticosteroids in the present case
[13]. However, according to scarce but important literature
data, IVIG modulates cytokine production, complement
cascades, turnover of B and T cells and neutralization of
autoantibodies, thus explaining the effect of treatment and
improving the clinical picture the day following adminis-
tration of the first IVIG dose case [6, 14-17].

Fowler et al.[18] indicated clear gaps in our current
understanding of DRESS sy, and pointed to the need for
the old test (patch) and new diagnostic tests to screen the
patients before starting them on carbamazepine (interleu-
kin-15 and microRNA-122 in the serum), and stated that
certain authors favor IVIG and plasma exchange to steroids
for the treatment of DRESS sy. Some Korean authors found
approximatively 17% of children with adverse skin reac-
tions to antiepileptic drugs (most commonly with aromatic
ring in the chemical structure) and significant associations
with genes encoding the human leukocyte antigen alleles
(e.g. HLA-B*15:02), which indicates the need for genetic
testing [19]. The Korean authors published results of the
national study and consideration that IVIG monotherapy
or the combination of corticosteroids and IVIG might
reduce the mortality rate in severe DRESS sy related to
antiepileptic drugs [20].

In conclusion, we join the authors who favor the treat-
ment of DRESS sy using IVIG, and we point out the need
to change the order of recommendations in the current
treatment recommendations for DRESS sy in favor of IVIG
[5, 6, 9-18, 20]. IVIG should be considered as a second-
line treatment as soon as possible in patients in whom
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corticosteroid treatment failed. There is not enough experi-
ence for a recommendation that IVIG should be used as
the first-line treatment. We advocate for an early introduc-
tion of IVIG as early as the third or fourth day from unsuc-
cessful corticosteroid treatment. Further, it is necessary
that similar case reports should be collected. Only when
new reports on the same topic arrive, corticosteroid treat-
ment shall be considered as second-line, which would have
the following consequence - the identification of DRESS
sy in children, through pharmacopoeias worldwide, as a
proven indication area for IVIG, which is what we ad-
vocate. Finally, we invite the professional and scientific
community to specify, through subsequent case reports
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CuMHAPOM ocuna Ha fiek npaheH e03MHOPUANjOM U CUCTEMCKMM CUMNTOMUMA KOZ,
aponecueHTa — epuKacHOCT UMyHornobynuHa I Koa 601€CHMKA Pe3UCTEHTHOT Ha

KOpTUKOCTEpoup,

Anfenka Crojkosuh'? CnobopaH JaHkoBuh??, iparaH MunosaHosuh??, JacmuHa huHhuh? BecHa Bennukouh?
'YHuBep3uteT y KparyjesLy, OakynTeT MeAULIMHCKNX HayKa, KaTeapa 3a negujatpujy, Kparyjesau, Cpouja;

2Knunnuku ueHTap Kparyjesau, Kparyjesau, Cpbuja;

*Ynusep3utet y Kparyjesuy, OakynTteT MeauLIMHCKIX HayKa, Kategpa 3a papmakonorujy 1 tokcukonorujy, Kparyjesaw, Cpbuja

CAXETAK

YBop CuHApOM ocuna Ha nek npaheH eo3nHodGuAnjom 1 cuc-
TEMCKUM cumnTomuMa (DRESS) Ha Kap6amasenuH ima XeTepo-
reHy KIIMHUYKY Npe3eHTauujy.

Linrb oBor npmkasa je fa ykaxe Ha edrKacHOCT MMYHOTI00Y-
nuHa 'y neyerby cnHapoma DRESS pe3ncTeHTHOr Ha KopTu-
KocTepoua.

Mpukas 6onecHnKa AfonecLeHTKHba obonena of enunencuje
1 neyeHa KapbamazenmHOM 1 HaTpUjyM-BannpoaTom XoCnuTa-
N30BaHa je 360r NoByILLIEHE TeMNepaType, MOBULIEHUX TPaH-
camuHasa, numdapeHonatuje, cnneHomeranuje. CBakor faHa
ce ucnosbaBana epynumja ednopecuieHumja Ha Koxu. LLlector
JaHa xocnuTanusauuje 6poj eosnHoduna nopactao je Ha 24%
(anconyTHu 6poj 780/ml). Huje 6uno xesbeHor ogroBopa Ha
MEeTUANPeHV30/I0H TOKOM NPBMX 0CaM AaHa fleyerba HATU Ha

DOI: https://doi.org/10.2298/SARH191020087S

NpeHU30JI0H TOKOM Aasber NIeuetba, y3 NCTOBPEMEHY MPUMEHY
AHTUXMCTaMUHKKa Of NPBOT aHa XocnuTanv3aLmje, HaTpujym-
Ba/inpoata, MeTGOPMUH-XNPOXIIOPYAA, ENMMHALIMOHE NCXPa-
He 1 yKnfatbe KapbamasenuHa. 3HauajHO KIIMHUYKO, XeMaTo-
JIOLLKO 11 6MOXEMMJCKO NMobOsbLUaHE AeCUI0 ce faH Nocsie npse
[03€ VHTPaBeHCKor UMyHornobynmHa I.

3aKJbyyak Ykasyjemo Ha noTpeby fia ce 3MeHe npenopyke 3a
neyerbe cmHapoma DRESS y KOPUCT MHTPaBEHCKOT MMYHOT10-
6ynuHa I' (wto npe, Beh Tpehun unm 4eTBpTM AaH Neyerba) Kog
6051eCcHIKa KO KOjuX je neyere KopTmkoctepongnuma 6es
edekTa. CBe 0K Ce He Ny6nunKyjy HOBY Clly4ajeBu JoKa3aHe
yJiore VHTPaBEHCKOT MMyHOrnobynuHa Iy neuerby ciHgpoma
DRESS, KOpTUKOCTEPOUAN OCTajy NPBY TEPANujcKu n36op.
KrbyuHe peum: cHOPOM NPeoceTb1BOCTY Ha JIEKOBE; Me-
AnjaTpuja; KOPTUKOCTEPOUAN; UMYHOTNOOYNMH I
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Primary hepatic pregnancy
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'Bezanijska Kosa University Hospital Medical Center, Belgrade, Serbia;
University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
3Narodni Front Obstetrics and Gynecology Clinic, Belgrade, Serbia

SUMMARY

Introduction Hepatic pregnancy is an extremely rare form of ectopic pregnancy, and represents a dif-
ficult challenge for both diagnostics and treatment.

Case outline A 40-year-old gravida 0 para 0 patient in 6 + 0 gestational weeks was admitted to the hos-
pital with lower abdominal pain, positive bHCG values, and presence of free intra-abdominal fluid. She
had a history of infertility, and also a previous surgery due to pelvic endometriosis. Urgent open surgery
was performed due to signs of hypovolemic shock. We discovered a rupture of the left ovarian corpus
luteum cyst. Bleeding management was achieved with preservation of ovarian tissue. Patient recovered,
bHCG levels continued to rise, and five days after surgery free intra-abdominal fluid reappeared with
upper abdominal pain and tenderness. After transferring patient to abdominal surgery clinic, second
surgery was performed, where we confirmed the presence of hepatic pregnancy. After this procedure,
patient fully recovered.

Conclusion The method of choice for an ectopic pregnancy treatment is laparoscopic surgery, but when
laparoscopy is not possible, the site of ectopic pregnancy could be difficult to diagnose. Prolonged time

for making accurate diagnosis increases the risk of ectopic pregnancy complications.
Keywords: hepatic pregnancy; ectopic pregnancy; bHCG; acute abdomen

INTRODUCTION

Ectopic pregnancy is a rare condition that oc-
curs in 1-2% of all reported pregnancies [1].
There has been an increase in the incidence of
ectopic pregnancies over the past few decades.
This could be explained by three contributing
factors: a greater use of assisted reproductive
technologies, a high incidence of pelvic inflam-
matory diseases, and increased awareness of this
condition. However, the incidence of abdominal
pregnancy is extremely low, and it occurs in
only 1% of all ectopic pregnancies [2].

Abdominal pregnancy refers to a pregnancy
implanted in the peritoneal cavity, external to
the uterine cavity and fallopian tubes. The pla-
centa can be implanted in any of the abdominal
organs and it can separate from the site of im-
plantation at any time during pregnancy, which
leads to hemorrhagic shock. Abdominal preg-
nancy is a potentially life-threatening form of
ectopic pregnancy because of difficult and often
late diagnosis. It is associated with a wide range
of signs and symptoms according to the loca-
tion. The diagnosis of abdominal pregnancy is
often missed during routine ultrasonography
(US) [3].

In contrast to tubal ectopic pregnancies, pri-
mary methotrexate therapy of early gestations in
abdominal pregnancy has a high risk of failure
due to more advanced gestational age at which
these pregnancies are discovered [4].

CASE REPORT

A 40-year-old patient was admitted to hospital
with lower abdominal pain. She had a history
of infertility and had a conservative surgery due
to endometriosis (done five years prior through
lower transverse laparotomy). Amenorrhea was
6 + 0 weeks. The initial value of B-HCG was
621 mIU/mL. US exam showed the presence
of intra-abdominal free fluid and empty uterine
cavity with no adnexal masses. Monitoring of
vital signs showed systolic blood pressure below
90, pulse rate of 130 bpm, and diuresis below
30 ml/h (after receiving 500 ml of 0.9% Sodium
Chloride solution intravenously). Due to clini-
cal findings of intra-abdominal bleeding and
hypovolemic shock, the patient underwent an
emergent surgical procedure by lower transverse
laparotomy approach from previous surgery.
Intraoperative finding was the rupture of the
left ovarian corpus luteum cyst with heavy intra-
abdominal bleeding (over two liters). Both Fal-
lopian tubes and the right ovary were unaffected.
Small bowels, caecum, rectosigmoid colon, and
infracolic part of omentum were explored and
no sign of ectopic pregnancy was noticed. Histo-
pathological report showed a corpus luteum cyst
on the left ovary. After the surgery, the patient
tully recovered, but B-HCG levels continued to
rise (1052 mIU/mL). Postoperative US showed
no signs of either intrauterine or extrauterine
pregnancy. At that time, a small formation found
in the liver, 37 x 25 mm in diameter, was consid-
ered clinically indistinctive (Figure 1).
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Figure 1. Ultrasonography finding: at first no significance was given
to formation found in liver near hilus; differential diagnosis was liver
hemangioma

Dikic S. et al.

All clinical findings suggested the presence of ecto-
pic pregnancy in the liver. The patient was transported
to abdominal surgery clinic for further evaluation and
treatment. An urgent computed tomography revealed the
presence of a mass of 6 x 5 cm in diameter in the left liver
lobe (between liver segments III and IV), with an oval
central portion of lower density, and with the peripheral
region of higher density in the contrast plan scan. There
was a significant amount of fluid, which corresponds to
the density of blood, below the left lobe of the liver and
above the stomach (Figure 2).

After the urgent computed tomography examination, the
patient underwent an open surgery with an upper medial
laparotomy. We found around 500 ml of blood in the space
between the left lobe of the liver and the stomach. After the
evacuation of a blood which was predominantly coagulated,

Figure 2. Computed tomography findings: (A) computed tomography plan scan of the liver shows
the presence of an oval mass in the Il liver segment of 5x6 cm in diameter with central low-density

and high-density periphery; (B) computed tomography plan scan shows the presence of a large
amount of blood in the space between the left lobe of the liver and the stomach; (C) planned

computed tomography longitudinal cross-section of the left lobe of the liver with the presence of

blood in the space between the liver and the stomach

On the third postoperative day we performed diagnostic
dilatation and curettage of the uterine cavity. Histopatho-
logical exam indicated the presence of an endometrial
intraepithelial neoplasia, but no evidence of intrauterine
pregnancy. After this intervention B-HCG levels dropped
to 861 mIU/mL, but soon continued to rise to the level of
1132 mIU/mL. Since intrauterine pregnancy was excluded,
we suspected the presence of ectopic abdominal pregnancy
of unknown location and administered a single dose of
methotrexate (50 mg).

The patient decided to leave the hospital against medical
advice. She was suggested to repeat serum 3-HCG val-
ues in three days. The values were higher than previous,
1668 mIU/mL. On the fifth day upon methotrexate ad-
ministration, the patient checked into our hospital with
pain in the upper parts of the abdomen. Levels of p-HCG
were 2060 mIU/mL. On US we discovered the presence
of free fluid intra-abdominally (small quantities) and ab-
normal US imaging of the liver. The US exam revealed a
hyperechogenic structure of six centimeters in diameter
in the left lobe near the hilum of the liver. The patient had
tenderness in the upper parts of the abdomen.

ectopic pregnancy was detected below the falciform liga-
ment in the third liver segment. Expulsion of the ectopic
pregnancy was then performed from the existing liver cav-
ity. Gauze with hypertonic solution of sodium chloride was
placed in the cavity of the ectopic pregnancy. The surgical
procedure was completed with a single liver suture, as well
as hemostasis with a bipolar diathermy. More than three
liters of isotonic solution of sodium chloride was placed
in the abdominal cavity and two drains were placed: one
under the liver, and the other in Douglas space (Figure 3).

The 3-HCG value (460 mIU/mL) one day after the sur-
gical procedure indicates a significantly lower value than
before the surgery. Six days after the surgery the -HCG
level was 32 mIU/mL. Prior to the surgical procedure, he-
moglobin value was 109 g/L, and on the day of the patient's
release it was 110 g/L only with one blood transfusion
(280 ml) after the operation. The patient was discharged
on the seventh day in excellent condition.

The histopathology exam confirmed diagnosis of ectopic
pregnancy with presence of trophoblastic tissue found in
liver.

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):773-776
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Figure 3. Intraoperative findings: segment Il of the liver and place
of the ectopic pregnancy next to segment IV of the liver below the
falciform ligament after the expulsion of the ectopic pregnancy from
the liver cavity

DISCUSSION

Ectopic liver pregnancy is a very rare condition (1:15,000
pregnancies), but also a very dangerous gynecological dis-
ease mostly because of life-threatening intra-abdominal
bleeding especially when occurring in the liver or spleen [5,
6]. Although the mechanism of primary hepatic pregnancy
is unknown, it can be assumed that the risk factors of its
occurrence could be: ovarian cysts, adhesions, pelvic or
tubal inflammatory diseases, as well as the specificity of the
hepatic tissue characterized by huge blood supply, which
could lead to a higher possibility of trophoblast implanta-
tion and development of gestation sac [7].

In the presented case, the patient had previously suffered
from endometriosis and an ovarian cyst, which have been
proven operatively and by ultrasound examination. In our
case, the rise of B-HCG levels after the prior operation was
an alarm for ectopic pregnancy progression.

Further evaluation of endometrial intraepithelial neo-
plasia found after dilation and curettage procedure is

REFERENCES

1. Jurkovic D. Diagnosis and management of ectopic pregnancy.
British Medical Journal. 2011;342:3397.

2. Fylstra DL. Ectopic pregnancy not within the (distal) fallopian
tube: Etiology, diagnosis, and treatment. Am J Obstet Gynecol.
2012;206(4):289-99.

3. HeS, ChengY, Zhang G, Qi H, Sun Q. Primary hepatic pregnancy:
a case report with a history of cesarean section and oral
contraceptives, with review of literature. Int J Clin Exp Pathol.
2019;12(12):4344-8.

4. Walker JJ. Ectopic pregnancy. Clin Obstet Gynecol. 2007;50:89-99.

5. Taran FA, Kagan KO, Hiibner M, Hoopmann M, Wallwiener D,
Brucker S. The diagnosis and treatment of ectopic pregnancy. Dtsch
Arztebl Int. 2015;112(41):693-704.

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):773-776

required to confirm the diagnosis of a true premalignant
endometrial lesion and exclude an associated endometrial
carcinoma in the patient [8]. Inadequately prepared, as well
as pathologically altered endometrium could be one of the
explanations for ectopic pregnancy in the presented case.

Abdominal pregnancy represents great diagnostic chal-
lenge. A common symptom for hepatic pregnancy is upper
right abdominal tenderness. However, our patient did not
show any symptoms regarding upper parts of abdomen
in the beginning, which made diagnostic process more
difficult [3, 9].

It is important to emphasize the presence of two epi-
sodes of internal bleeding in this case. The reason for the
first episode of bleeding was a rupture of the left ovarian
corpus luteum cyst, while the second episode occurred
due to the bleeding from the liver at the implantation site
of trophoblastic tissue.

Preferred method of choice for treatment of ectopic
pregnancy should be laparoscopy, where whole abdominal
cavity could be explored [10, 11]. Certain, uncomplicated
cases of hepatic pregnancy could be treated with metho-
trexate [9]. In cases of hepatic pregnancy medial laparoto-
my could have advantage in bleeding control, considering
vascularization of the hepatic tissue [12]. Unfortunately,
due to hypovolemic shock, our patient underwent urgent
open surgery. Laparoscopy should be performed whenever
possible to avoid misdiagnosis of abdominal pregnancy
and further complications.

NOTE

Ethical compliance statement: We confirm that we have
read the journal’s position on issues involving ethical pub-
lication and affirm that this work is consistent with those
guidelines.

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

Conflict of interest: None declared.

6. CaiYY, Xiao EH, Shang QL, Xiao LZ. Ectopic pregnancy in the liver
incidentally diagnosed by imaging: a case report. Exp Ther Med.
2017;14(1):373-6.

7. AliV, Lilja JF, Chuang AZ, Mogallapu RV, Sabonghy E. Incidence
of perihepatic adhesions in ectopic gestation. Obstet Gynecol.
1998;92(6):995-8.

8. Semere LG, Ko E, Johnson NR, Vitonis AF, Phang LJ, Cramer DW, et
al. Endometrial Intraepithelial Neoplasia Clinical Correlates and
Outcomes. Obstet Gynecol. 2011;118(1):21-8.

9. Sibetcheu Tchatou A, Tchounzou R, Mbuagbaw L, Mboudou ET.
Successful medical treatment of a hepatic pregnancy: a case report.
J Med Case Rep. 2017;11(1):70.

www.srpskiarhiv.rs

775



776

10. Zhao RF, Huang SR, Xu LL, Liu NP, Liang N. Successful management
of a live 14-week primary hepatic ectopic pregnancy combined
with a residual horn of the uterus using laparoscopy. Chin Med J
(Engl). 2017;130(24):3013-4.

MpumapHa xenaTuyHa TpyaHoha

Dikic S. et al.

11. Garzon S, Raffaelli R, Montin U, Ghezzi F. Primary hepatic
pregnancy: report of a case treated with laparoscopic approach
and review of the literature. Fertil Steril. 2018;110(5):925-31.

12. WangT, Chen P, Bian D. Primary hepatic pregnancy. Clin Res
Hepatol Gastroenterol. 2017;41(3):241-2.

Cphan Juknh'?, XKerbko Mukosuh*, bopucnas Towwkosuh'? CetnaHa [parojesuhi??, Jbybomup CpbrHosuh?

'KnuHnyko-6onHnuKn LeHTap , bexanujcka Koca’, beorpag, Cpbuja;

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

*[MHeKONOLKO-aKyLlepcKa KnuHuka HapogHu dpoHT, Beorpag, Cpbuja

CAXETAK

YBop XenaTtnuka TpyAHoha je Beoma pefjak 061MK eKTonmnyHe
TpyAHohe 1 npeAcTaB/ba BENVKY 133308 3a AMjarHOCTHKY 1
neyetbe.

Mpukas 6onecHnka Yetpgecetoroguniura 6onecHnua (para
0, gravida 0), y 6 + 0 Hepesby TpygHOhe NpUMIbeHa je Ha K-
HYKy 360r 60/10Ba y JoHeM feny aboMeHa, ca MO3UTUBHUM
BpeaHocTuMa bHCG n cnobogHom TeyHowhy y abaomery. Y
aHaMHe3W ce HaBOAW NPUCYTaH HPEPTUANTET, Kao 1 NpeT-
XofHa onepauuja 36or eHgomeTpuro3se. 360r 3HaKoBa X1rMo-
BOJIEMUjCKOT LIOKA, 6onecHuULa je XUTHO onepuicaHa. MIHTpao-
nepaTUBHO je KOHCTaTOBaHa PynTypa LMCTe XyTor Tena 1eBor
jajHuKa. XeMocTa3sa je ycnocTaB/beHa y3 ouyBatbe TKMBA jajHuUKa.
BonecHuua ce onopasuna, anv cy BpegHocTy bHCG HacTtaBune
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Aa pacTy 1 neTor NocTonepaT!BHOT JaHa [0Ma3u O MOHOBHOM
HaKyrn/batba C1060AHe TeYHOCTM y TPOYXY ca nojaBom 6o510Ba
1 HaMeToCTU y roptbrM Aeny abnomeHa. Mocne npesohetba
6onecHuLie Ha ofierbere abaoMuHanHe Xnpypruje, NMOHOBO
je onepucaHa 1 Tom NpUAYKOM NOTBPHEHO je fa ce paan o
XenaTtnyHoj TpygHohu. Mocne oBe npoueaype 6onecHuua ce
MoTMyHO onopaswna.

3akmyuak MeTopa 136opa 3a eKTonuyHy TpygHohy je namna-
POCKOMCKa XMpypruja, anv Kaga flanapockonuja Huje moryha,
MecTo eKTonuyHe TpyaHohe Huje nako npoHahu. MpogyxeHo
BPEeMe y NocTaBbakby NpeLusHe arjarHose nosehasa pusuk
o[ KOMMMKaLWja eKTonnyHe TpyaHohe.

KmyuHe peun: xenatuyHa TpyaHoha; ekTonnyHa TpyaHoha;
bHCH; akyTHV abpgomeH
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Fractures of the acetabulum - surgical treatment
and complications
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SUMMARY

Acetabular fractures represent severe injuries that mostly occur in car accidents, or after falling from
greater heights, most often in the working male population. Acetabular fractures are present in our
clinical practice and their treatment requires good education and surgical training. Surgical experience is
one of the prerequisites for achieving good treatment results, since these fractures are accompanied by
numerous complications. In order to acquire knowledge and skills in this field of surgery, it is necessary
to have a national center for education at one of the medical faculties in Serbia. All dislocated acetabular
fractures (= 2 mm) require early surgery, anatomical reduction, and stable internal fixation of acetabu-
lar fracture. Acetabular fracture-dislocation requires urgent reduction of the dislocated femoral head.
The anatomic reduction of the fracture is related to the time of definitive bone fixation of the fracture.
Fourteen days after the fracture, anatomic reduction is more difficult to achieve. In addition to the fac-
tors that positively affect the results of treatment, there are negative factors as well, which result in poor
outcomes. They are directly correlated to the initial trauma that occurs at the time of injury. Fracture
comminution, large dislocation (> 20 mm), injury of the femoral head, posterior dislocation of the hip,
impaction, traumatic or iatrogenic sciatic nerve palsy - these are all factors that negatively affect the

outcome and are responsible for complications, as opposed to positive factors.
Keywords: acetabulum; fractures; surgical treatment; complications

INTRODUCTION

The poor outcomes of conservative treatment
of acetabular fractures, back in the 1950s, led
Letournel and Judet [1] to embark on a new era
of surgical treatment. The principles of open
reduction and stable internal fixation that they
founded are still valid today, despite the great
advances in orthopedics and traumatology. Ac-
etabular fractures are severe, occurring in young,
working, more frequently male population, in
car accidents or in falls from heights [2]. The
incidence of acetabular fractures is about three
fractures per 100,000 patients per year [3]. The
city of Nis is the largest city of the Nisava Dis-
trict with a population of about 350,000, over
2,000,000 inhabitants of Southern and Eastern
Serbia gravitate towards it. It has a tertiary insti-
tution and an incidence of acetabular fractures
of about three fractures per 100,000 patients per
year. Considering the gravitational and treat-
able population at the Clinical Centre of Ni§, the
Clinic for Orthopaedic Surgery and Traumatol-
ogy has made a significant step forward with
regard to the modern approach and treatment of
acetabular fractures. In younger patients, these
fractures are usually caused by a strong axial
force acting through the femoral shaft or a direct
force acting through a greater trochanter. In the
elderly, acetabular fractures can cause low-energy
trauma due to the presence of osteoporosis. Ac-
etabular fractures, primarily dislocated (> 2 mm),

are treated surgically with open fracture reduc-
tion and stable internal fixation with acetabulum
reconstructive plates/screws. The complications
that accompany these fractures are numerous -
traumatic sciatic nerve injury, iatrogenic sciatic
nerve injury, infection, revision osteosynthesis,
deep vein thrombosis (DVT), heterotopic os-
sification (HO) — Broker I-1V, femoral head os-
teonecrosis, secondary osteoarthritis (OA) of the
hip [4]. Some of these complications require later
revision surgery, which is reflected in total hip
replacement [5]. Due to all of the above and the
complexity of acetabular surgery, constant educa-
tion of the surgeon and surgical experience are
required to achieve excellent and good outcomes,
as it has been shown that surgical experience is
an important factor directly correlated to achiev-
ing excellent and good outcomes [6].

CLINICAL ANATOMY OF THE
ACETABULUM

The clinical anatomy of the acetabulum divides
the acetabulum into the anterior and posterior
columns, which are arranged in the inverted
“Y” shape. The anterior column is the anterior
part of the iliac bone that extends to the pubic
bone. It contains the anterior part and the edge
of the iliac wing, the pelvic edge, the anterior
wall of the acetabulum, and the upper branch of
the pubic bone. The posterior column consists
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three projections were sufficient for the ex-
perienced surgeon to evaluate the stability
of the fracture and determine the surgical
approach during surgical treatment. Modern
diagnostics in the form of computed tomog-
raphy (CT) and 3D-CT allows the surgeon
to see a clear three-dimensional image of the
acetabulum that will determine the type of
surgical approach, will allow him to see the
size of the bone fragments, the degree of
dislocation, comminution, impaction, the
presence of loose bodies in the acetabulum
(10, 11].

TREATMENT OF ACETABULAR
FRACTURE

Undislocated (< 2 mm), stable acetabular

Figure 1. Classification of acetabular fractures according to Letournel and Judet [9]

of parts of the iliac and ischiadic bones, large and small
ischiadic notches, posterior wall of the acetabulum, most
of the quadrilateral surface, and ischiadic tuberositas. The
upper part of the acetabulum, through which load forces
are transmitted, is called the roof of the acetabulum. The
vertical line that runs through the center of the femoral head
and the line that goes through the fracture of the acetabulum
make an angle called the “acetabular roof angle” [4].

MECHANISM OF INJURY

Acetabular fractures are caused by the action of an axial
force through the femoral shaft. The type of fracture of the
acetabulum, its anterior or posterior structure, depends on
the position of the femoral head at the time of impact into
the acetabulum. Another way of creating an acetabular
fracture is through the action of a direct force over a greater
trochanter when the quadrilateral surface of the acetabulum
(central luxation) is most commonly fractured [4].

CLASSIFICATION OF ACETABULAR FRACTURES

The pioneers of acetabular surgery, Letournel and Judet
[1], represented a classification that stood the test of time,
and is still valid and applicable worldwide. According to
this classification, acetabular fractures are divided into
elementary and complex [7, 8, 9] (Figure 1).

RADIOLOGIC EVALUATION

Our teachers, our teachers’ teachers used clinical examina-
tion and radiographic diagnostics, which included radi-
ography in the antero-posterior position and two oblique

Judet views (iliac oblique and obturator oblique). These

‘ DOI: https://doi.org/10.2298/SARH200412110M

fractures can be treated conservatively.
The question is whether skeletal traction
is required in this treatment. The authors
believe that skeletal traction is not necessary in undislo-
cated acetabular fractures; the patient can walk without
weight-bearing for six to eight weeks. Partial to full weight-
bearing is allowed after this period, with rehabilitation.
In patients with dislocated fractures who cannot undergo
surgical treatment, closed reduction via skeletal traction
with bed rest for the initial six to eight weeks may be used.
Dislocated (> 2 mm) and unstable acetabular fractures are
treated surgically — by open reduction and stable internal
fixation, or by percutaneous minimally invasive surgery,
which require experience and intraoperative fluoroscopy.
In order to achieve satisfactory functional and radiographic
results, it is necessary to achieve acetabular congruence and
anatomic reduction, stable internal fixation. Early activa-
tion and rehabilitation is required, without weight-bearing
from six to eight weeks after surgery, when partial weight-
bearing begins to increase and progressively increases over
the next few weeks, until full weight-bearing is achieved
[6, 12, 13, 14]. The most common surgical approaches
used for surgical open reduction and internal fixation are
anterior ilio-inguinal, anterior ilio-femoral, posterior Ko-
cher-Langenbeck, combined anterior and posterior, modi-
fied Stoppa, anterior pararectal surgical approach (Figures
2-5). Understanding of these surgical approaches requires
training, continuous education and raises the question of
the existence of a national educational center, because,
regardless of the number of orthopedic surgeons, there are
very few who are familiar with this pathology.

PRIMARY TOTAL HIP REPLACEMENT AFTER
ACETABULAR FRACTURE

There is much controversy regarding primary total hip
replacement in fresh acetabular fractures. The issue of
“fixed or replaced” is always the question, especially in
older patients. In any case, primary total hip replacement

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):777-783



Fractures of the acetabulum - surgical treatment and complications

Figure 2. Open reduction and internal fixation of acetabular fracture-dislocation; A: X-ray
after the injury; B, C: 3D computed tomography scan after reduction of dislocated femo-
ral head shows a dislocated posterior wall acetabular fracture; D: intraoperative view
after fracture fixation by Kocher-Langenbeck surgical approach; E: X-ray after the surgery

Figure 3. Open reduction and stable internal fixation of acetabular fracture-dislocation;
A: X-ray after the injury; B: 3D computed tomography (CT) view shows fracture of the
posterior wall of the acetabulum and posterior hip dislocation; C: sagittal CT view shows
posterior acetabular fracture-dislocation; D: intraoperative view after fracture fixation;
E: postoperative X-ray

Figure 4. T-fracture of the acetabulum associated with iliac bone fracture in a 20-year-old
patient; A: X-ray after the injury; B: 3D computed tomography view; C, D: intraopera-
tive views after fracture fixation through the anterior ilio-inguinal surgical approach; E:
intraoperative fluoroscopy; F: postoperative X-ray; G: X-ray six months after the injury;
H: functional outcome, after six months post-injury was excellent

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):777-783

is used in the treatment of fresh acetabu-
lar fractures, and numerous complications
that accompany this surgery are described.
Indications are set on a case-by-case basis
and recommended for individually selected
cases [15, 16, 17] (Figure 6).

COMPLICATIONS AFTER ACETABULAR
SURGERY

Based on clinical practice and contemporary
literature, the most common complications
accompanying the surgical treatment of ace-
tabular fractures are the following: traumatic
and iatrogenic sciatic nerve palsy, thrombo-
embolic complications (DVT) and pulmo-
nary thromboembolism (PE), infection, loss
of osteosynthesis after surgical fixation of the
fracture, HO, femoral head osteonecrosis,
secondary OA of the hip [4, 6, 18, 19].

TRAUMATIC AND IATROGENIC SCIATIC
NERVE PALSY

Contemporary literature describes traumatic
and iatrogenic sciatic nerve palsy or its pero-
neal division [20, 21]. The injuries of the pe-
roneal division of the sciatic nerve are most
common. These injuries are more common
in the posterior hip dislocation associated
with acetabular fracture, caused by the pres-
sure of the dislocated femoral head or the
pressure of the bone fragment from the pos-
terior wall of the acetabulum at the time of
injury. According to Bogdan et al. [22], out
of 137 patients with acetabular fractures,
57% had traumatic nerve injury. Immediate
reduction of dislocated hip and early fixation
of the acetabulum reduce pressure on the
nerve and allow better functional recovery
of the nerve. In addition to the traumatic
lesion, iatrogenic injuries to the sciatic nerve
have also been described. Iatrogenic injury
can be caused by rough surgical work, ma-
nipulations during surgery, careless handling
of elevators and retractors, the presence of a
postoperative hematoma. In order to prevent
iatrogenic injury to the sciatic nerve, knee
flexion during surgery is necessary to relieve
the nerve, clear identification and protec-
tion of the nerve during surgery, special at-
tention should be paid to the presence of
possible anatomic variations of the sciatic
nerve (Figure 7), postoperative drainage is
required. Haidukewych et al. [23] reported
an incidence of 7.9% of iatrogenic sciatic
nerve injuries after acetabular surgery.

www.srpskiarhiv.rs ‘
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Figure 5. T-fracture of the acetabulum in a 14-year-old patient; in such
fractures, surgical reduction and fracture fixation is usually performed
with a combined anterior and posterior Kocher-Langenbeck approach
in one act or staging surgery at intervals of two to three days; given the
patient’s age and fracture reduction achieved, we used only anterior
approach and further treatment was continued with cutaneous trac-
tion for three weeks; A: X-ray after the injury; B: 3D computed tomog-
raphy view after the injury; C: X-ray after fracture fixation through the
anterior ilio-inguinal approach; D: X-ray after six months

Figure 6. Primary total hip replacement after fresh posterior wall acetabular fracture
with posterior hip dislocation in a 74-year-old patient; A: X-ray after the injury; B: 3D
computed tomography (CT) view; C: sagittal CT view shows posterior hip dislocation
with a fracture of the posterior wall of the acetabulum; D: X-ray after primary total hip

replacement

Figure 7. Anatomical variation of the sciatic nerve shows a sciatic nerve high division in
the gluteal region, in a 48-year-old patient with a comminuted posterior wall acetabular
fracture associated with posterior hip dislocation and traumatic palsy of sciatic nerve; A:
X-ray after the injury; B: intraoperative view after acetabular fracture fixation; the arrows
show the sciatic nerve high division

DOI: https://doi.org/10.2298/SARH200412110M
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THROMBOEMBOLIC COMPLICATIONS (DVT) AND
PULMONARY THROMBOEMBOLISM

Post-traumatic and postoperative thromboembolism is a
significant problem in patients with acetabular fractures.
These complications accompany acetabular surgery despite
thromboprophylaxis, especially in elderly patients over 60
years of age, patients with increased risk for DV'T, complex
fractures, and delayed osteosynthesis of acetabular fractures
after two weeks [24]. According to Wang et al. [25],in a
series of 110 patients with pelvic and acetabular fractures,
29.09% had DVT, three patients had PE. In addition, the
incidence of DVT in patients with acetabular fractures was
significantly higher than that of patients with pelvic frac-
tures. According to Althuwaykh et al. [26], the incidence
in a series of 404 patients with acetabular fracture was 5%,
while 1.7% of the patients had PE. Despite the prophylaxis,
the prevalence of post-traumatic and postoperative throm-
boembolism is approximately 11% [27].

INFECTIONS AND REVISION SURGERY

Early revision surgery is rarely used in cases of loss of fixa-
tion or surgical debridement and irrigation in early infec-
tions after osteosynthesis of acetabular frac-
tures. Infections, superficial or deep, are rare
due to good vascularization but are present
and should be considered. Postoperatively,
antibiotic prophylaxis is required until post-
operative drainage is extracted. According
to Ding et al. [28], 7% of patients required
revision surgery due to debridement and
irrigation after wound infection; according
to Igbal et al. [29], 5.4% required revision.
Similar data was reported by Suzuki et al.
[30]. According to Negrin and Seligson [31],
revision surgery due to secondary loss of
reduction, seroma/hematoma, and wound
infection was in 6%. According to Gian-
noudis et al. [32], the incidence of infec-
tion after surgical treatment of acetabular
fractures was 4.4%.

HETEROTOPIC OSSIFICATION

HO is also clearly described and it accom-
panies this type of surgery [33]. In many
centers, indomethacin or low-dose radio-
therapy is administered as prophylaxis to
prevent the development of HO [34]. In a
meta-analysis of 2394 displaced fractures by
Giannoudis et al. [32], the HO incidence was
25.6% with Brooker grade III or IV at 5.7%.
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Figure 8. Hip ankylosis in a 73-year-old patient, caused by secondary
osteoarthritis of the hip; the acetabular surgery was done at another
institution 39 years previously

Figure 9. Intraoperative view during the open reduction of a dislo-
cated hip in a 55-year-old patient with the posterior wall acetabular
fracture associated with posterior hip dislocation

FEMORAL HEAD OSTEONECROSIS

This complication can occur several months to several years
after acetabular fracture. As a result of the femoral head
osteonecrosis, fragmentation and collapse of the femoral
head can occur, which will cause secondary OA of the hip.
Although it is sometimes difficult to diagnostically dif-
ferentiate the OA and osteonecrosis, it is not uncommon
to see both intraoperatively. Different authors describe
the different incidence of the femoral head osteonecrosis.
According to Pavelka et al. [35], 11.7% of patients devel-
oped the femoral head osteonecrosis. The fact is that the
femoral head osteonecrosis is much more common in

Srp Arh Celok Lek. 2020 Nov-Dec;148(11-12):777-783

acetabular fractures that are associated with posterior hip
dislocation [36]. According to Giannoudis et al. [32], the
incidence of osteonecrosis was 5.6%, while the incidence
of osteonecrosis after acetabular fracture was 5%, and 9.2%
for acetabular fractures associated with posterior hip dis-
location. Posterior hip dislocation is an orthopedic emer-
gency and therefore any dislocated hip should be reduced
urgently after hospitalization. A number of authors show
the importance of urgent reduction of the dislocated hip in
the prevention of the femoral head osteonecrosis [37-40].
Late reduction after 24 hours from the injury increases
the possibility of osteonecrosis. According to one of our
studies, the incidence of the femoral head osteonecrosis
after acetabular fracture - dislocations in which the hip
was reduced within 24 hours of injury — was 5.55%, while
in a hip reduced after 24 hours after the injury occurred,
osteonecrosis incidence was 27.77% [41].

SECONDARY OSTEOARTHRITIS OF THE HIP

The occurrence of secondary OA of the hip is associated
with a non-anatomical reduction of the acetabular frac-
ture during definitive fixation. The literature describes a
significantly lower percentage of secondary OA of the hip
in anatomically reduced acetabular fractures [42]. Second-
ary OA of the hip accompanies acetabular fractures and is
usually associated with non-anatomical fracture reduction.
Meena et al. [43] published a paper accordin to which not
achieving anatomical reduction, associated injuries, initial
fracture dislocation (> 20 mm), posterior hip dislocation,
late definitive fixation of acetabulum, age, can negatively
affect the achievement of good outcome. According to
Matta [44], the number of anatomic reductions decreased
as time to surgery increased. Pascarella et al. [40] also de-
scribe the importance of anatomic reduction of acetabular
fractures in achieving excellent and good outcomes. Pavelka
et al. [35] published data on 32.81% secondary OA of the
hip, 24 months after acetabular fracture. Cahueque et al.
[45] published 48% secondary OA, two years after the ac-
etabular fracture. There are other authors who believe that
secondary OA occurs several years after the injury, despite
anatomic reduction, which only confirms the importance
and severity of the acetabular fracture and the anatomical
specificity of the acetabulum and hip joint [46] (Figure 8).
Some of the cases with secondary OA of the hip require
further surgery - total hip replacement [5, 47].

TIME OF DEFINITIVE ACETABULAR FIXATION

Numerous authors agree that the time interval from injury
to definitive acetabular fixation should not be longer than
seven days, preferably three to five days. Dailey et al. [42]
achieved the best anatomic reduction of acetabular frac-
ture in the first three days after the fracture. According
to Brueton [48], the timing of surgery was found to be
directly related to the quality of the clinical result. Similar
results are presented by Matta et al. [44]. With the delay of
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definitive acetabular surgery, the possibility of anatomic
reduction is reduced. Definitive osteosynthesis after two
to three weeks of the fracture impairs fracture reduction,
increases intraoperative bleeding, which adversely affects
surgical work. In clinical practice, there are also individual
cases with acetabular fracture associated with posterior hip
dislocation when definitive acetabular fixation is performed
within 24 hours after the injury, due to the need for open
reduction of the hip that could not have been reduced by
the closed method (Figure 9).

SURGICAL EXPERIENCE

Surgical experience, reflected primarily in the manual abil-
ity and familiarity of the surgeon with a certain surgical
problem, is an important prerequisite for success. In ac-
etabular surgery, surgical experience is of great importance.
Surgical experience is one of the preconditions for success-
ful treatment of acetabular fractures. In order to acquire
knowledge and necessary skills in this field of traumatol-
ogy, it is necessary to have a national educational center
at one of the medical faculties in Serbia. The literature
clearly indicates the importance of surgical experience in
the treatment of acetabular fractures [7]. Even though we
have a sufficient number of orthopedic surgeons in Serbia,
we unfortunately have a small number of surgeons who
are experienced in this field of traumatology. So far, this
experience has been gained abroad in large trauma centers
under the guidance of experts. Although rare, acetabular
fractures are present in our traumatology practice. It mat-
ters whether the patient will return to pre-operative activity
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after the acetabular fracture, or whether the acetabular
fracture will leave lasting consequences and disability.

CONCLUSION

Proper diagnosis of acetabular fractures, good knowledge
of the acetabular anatomy, experience of the surgeon, early
definitive acetabular osteosynthesis, anatomic reduction,
and early rehabilitation are only prerequisites for achiev-
ing excellent and good outcomes. Whether we will have
excellent or good outcomes depends on the initial trauma
that caused the damage. Damage is often inevitable, and
whether it will be less or greater, it may also depend on
ourselves, who deal with this segment of traumatology.
We have achieved a lot in acetabular surgery, but still not
enough to say that we are in step with the developed world.
Including more surgeons in our institutions, who will deal
with acetabular surgery, education and training, the exis-
tence of a national educational center that will have the
opportunity to educate on cadavers are necessary if we want
to advance this demanding area of traumatology - pelvic
and acetabular surgery.
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Mpenomu 3rno6He YalnLe KyKa — XUPYPLUKO leyetbe U KOMNIMKauuje

Cawa Munenkosuh'?, Munan Mutkosuh'? Munopag Mutkosuh', Mpeapar CrojurbkoBuh'2

'YHuBep3utet y Huwy, MegnunHckmn dakyntet, Huw, Cpbuja;

2KnuHnukm yeHTap Huw, KnuHuka 3a optoneaujy v tpaymatonorujy, Huw, Cpbuja

CAMETAK

Mpenomu 3rno6He YalmLe KyKa NpefcTaBsbajy 13y3eTHO Tell-
Ke noBpefe Koje Hajuewhe HacTajy y caobpahajHum yoecrma
Uy NpUNMKOM nafa ca Behmx BucuHa, Hajuewhe Kog pagHo
aKTVBHe MyLLKe nonynauyje. lMpenomu 3rnobHe valumiie Kyka cy
MPWCYTHY Y HALIOj KIMHWYKOj NPaKCU 1 3axTeBajy fo0bpy eayKa-
umjy 1 06y4eHOCT KafpoBa 3a Nleyerbe. XMpYPLLKO UCKYCTBO je
jenaH op npepycnoBa 3a MoCTr3akbe AOOPMX pe3ynTaTa leuera
jep oBe npenome npate 6pojHe KomnuKauuje. Pagn ctruama
3Hatba U BELUTMHA 13 OBe 06/1aCTU XMpypruje, NoTpebHo je Aa
MOCTOj1 HaLMOHANHM LieHTap 3a eflyKaLujy Npy HEKOM Off MeAu-
LMHCKMX pakynteTa y Cpbujn. CBr fUucnoumpaHy npenomm (> 2
mm) 3rnobHe YalmMLe KyKa ce neye XMpypLLKY, a 3a NOCTU3aHe
[06puX pesynTaTa HEOMXOAHa je paHa aHaTOMCKa peno3uupja n
cTabunHa yHyTpalitba drikcaumja. Kog npenoma 3rnobHe Yawm-
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Lie Ca MLWYaLlerbem KyKa HeOnxoHa je X1THa peno3uuuja nya-
LeHor KyKa. AHaTOMCKa peno3uLmja npenomMa je nosesaHa ca
BPeMeHOM AedVHUTVBHE KoLwTaHe duKkcaLmje npenoma. Mocne
14 paHa of Npenoma aHaToMCKa penosuuuja ce Texe NoCTUXe.
Mopep oBKx GpakTopa Kojy MO3UTMBHO YTNUY Ha Kpajtbe pesyn-
TaTe Nleyetba, ca Apyre CTpaHe NocToje 1 HeraTuBHY pakTopn
KOjM YTUy Ha MOCTM3ake NIoLWKX pe3ynTaTa neyera. OHu cy
AVPEKTHO NOBe3aHW ca TeXXMHOM MHMLMjanHe NoBpeae Koja
HacTaje y TpeHyTKy npenoma. KommHyLuja npenoma, Benvka
aucnokauuja (> 20 mm), nospepa rnase pemypa, nyallere
KyKa, yT1cHyhe, TpaymaTcKa Unu jaTporeHa noBpefa cefanHor
HepBa cy GaKTopW KOju HEraTUBHO YTUUY Ha pe3ynTaTe 1 OAro-
BOPHM Cy 33 KOMMMKaLMje, HACYNpPOT NO3NTUBHUM daKToprMa.
KrbyuHe peun: 3rnobHa Yalwmua Kyka; Npenomu; XMpypLIKo
neyerbe; KOMNAVKaLmje

www.srpskiarhiv.rs



YNYTCTBO AYTOPUMA 3A MNMPUTNPEMY PALIA

IIpe mogHOmeEema pyKkonuca YpegHUIITBY YaCOMNM-
ca ,CpIcku apxuB 3a IeTOKYIHO NeKapcTBo“ (CA)
cBU ayTOpH Tpeba Ka MpounTajy YIyTCTBO 3a ayTope
(Instructions for Authors), rae he mponahu cBe morpe6ne
uHdopMalyje 0 MUCaBy Y NPUIPEMU pajfa y CKIagy
ca cTaHflapanMa yaconuca. Beoma je BaykHo fa ayTo-
pu npunpeMe paj npemMa gaTUM IPONO3NNjaMa, jep
YKO/IMKO PYKOIIUC He Oyfe ycKIal)eH ¢ oBUM 3aXxTeBUMa,
Ypenuumrso he oIoKuTy Wiu ox6MTH HeroBo My6nu-
KoBame. PaoBu o6jaBbenn y CA ce He XOHOpapury.
3a wraHke koju he ce o6jaBurn y CA, caMoM HOHYOM
papga CprckoM apXmnBYy CBU ayTOPM pajia peHoce CBoja
ayTopcKa IpaBa Ha u3fgaBaya yacomnmuca — Cprcko me-
KapcKo PYHITBO.

OIIIITA YIIVTCTBA. CA 06jaB/byje pasoBe Koju ;0
cajia HUCY HUTTIe 00jaB/beHN, Y LIeMOCTH VTN JeIOM, HUTH
npuxBaheny 3a o6jaBpuBame. CA 06jaBbyje pagoBe Ha
€HITIECKOM ¥ CPIICKOM je3uKy. 360r 607be JOCTYITHOCTH
u Behe IMTHPaHOCTM Iperiopydyje ce ayTopuMa Ja pa-
IIoBe CBUX OO/MNMKa Ipefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBpyjy cnepehe kaTeropuje pajosa: yBOGHUIY,
OPWIVHATHM PafIOBY, TIPETXOIHA U KpaTKa CaolIITemka,
IpuKasy 60NeCHUKaA U CTy4ajeBa, BU/e0-YIaHIMN, CTIMKe
U3 KIMHIYKe MeIUIIHE, TIPeTIeTHN PajJoBH, aKTyeTHe
TeMe, PaJioBY 3a IPAKCY, PafioBM 13 MICTOPHje MeAVIIHE
U jesnKa MefUIVHe, MEeIVNIIMHCKe eTUKe, PeryTaTOPHUX
CTaHfapfa y MeIVMIMHY, M3BEIITaji ca KOHTpeca U Ha-
YYHMX CKYTIOBA, TNYHY CTaBOBY, HAPYYEHU KOMEHTa-
PY, IMCMa YPEHNKY, IPUKa3y KIbUTa, CTPYIHE BECTH,
In memoriam v gpyru npunosu. OpuUrMHaIHA PafoOBMU,
IpeTXOfIHA 1 KPaTKa CaoMIITeha, IpUKa3y 60/IecHIKa I
CITydajeBa, BUICO-4IAHIIN, CTIMKe U3 KIIVHIIKe MeUIVIHE,
IperefHN PaloBM M aKTyeTHe TeMe, TyOnmKyjy ce mc-
K/bY4MBO Ha EHITIECKOM je3UKY, @ OCTase BPCTe pajoBa ce
MOTY yOIIMKOBATH M Ha CPIICKOM je3VKY CaMo 10 Oy IH
Ypepunmrsa. PaoBu ce yBek J0CTaB/bajy ca caKeTKOM
Ha eHIJIECKOM ¥ CPIICKOM je3UKy (y CKJIOIY CaMoT PyKo-
mica). TekcT pafia KynaTu y mporpamy 3a o6pajry TeKcTa
Word, boutom Times New Roman v BeTUIMHOM C/I0Ba
12 Tavaka (12 pt). CBe yeTupu MapryHe HOfeCUTH Ha 25
mm, BeMIYMHY CTpaHNIle Ha GopMat A4, a TEKCT KYL[aTh ¢
TBOCTPYKMM IIPOPENIOM, JIEBVM ITOPaBHAEM U YB/Ia4eHheM
cBaKor macyca 3a 10 mm, 6e3 ferpera peun (xudeHanyje).
He xopuctuty TabynaTope u y3acTOIlHe IIpasHe Kapak-
Tepe (cIiejcoBe) pany MOpaBHamba TEKCTa, Beh anaTke 3a
KOHTpOJTy HOpaBHama Ha nemupy u Toolbars. 3a mpemasax
Ha HOBY CTpaHY JOKyMeHTa He KOPMCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuyjy Page Break. Ilocne cBakor 3Haxa
MHTEPIYHKIMje CTABUTY CaMo jeflaH IpasaH Kapakrep.
AKO ce y TEeKCTY KOPUCTe CIlelMjanHy 3Hauu (CuMO0mn),
kopuctuty pout Symbol. Ilogany o xopuurheHoj mure-
paTypy y TeKCTy O3Ha4yaBajy ce aparckuM 6pojeBrma y
yIJIacTMM 3arpafiama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce 1ojaBIbyjy y TeKcTy. CTpaHMIle HyMepIUCaTU pefoM Y
JIOEEM JIECHOM YTy, TI0YeB Off HaC/IOBHE CTpaHe.

I1py nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce mpupp-
>KaBaTH je3andKor craugapna American English u xopuct-

TV KpaTKe I jacHe pedeHnIle. 3a HasvBe 1eKoBa KOPUCTUTU
MCK/bYYUBO IreHepryKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpuMyKyM HasMBMMA, a UM U MECTO IIPON3-
Bobhaua Tpeba HaBecTN y 061MM 3arpagama. YKOIMKO ce
Y TEKCTY KOPMCTe O3HaKe Koje CY CIIOj coBa u 6pojesa,
IpeLM3HO HamucaTu 6poj Koji ce jaB/ba y CYNepCKpUIITY
wm cynckpunry (amp. Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITO yoOuyajeHo nuie KypsusoM (italic), Tako ce u
HaBopy, HIIp. rern (BRCAI).

YKonMKO je paj eo MarucTapcke Tese, OFHOCHO JOKTOPC-
Ke jucepranuje, Win je ypaheH y OKBUpy Hay4HOT Ipoje-
KTa, To Tpeba moce6Ho HasHaunTy y Hamomenn Ha kpajy
Tekcra. Takobe, yKONMKO je paj IpeTXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTY 3BaHI9aH Ha3/B CKY-
Ia, MeCTO U BpeMe Ofip>KaBamba, /ja 1M je pajj 1 Kako my6-
JIMKOBaH (HIP. MICTY VU APYTadMjy HACTIOB U/IM CaXKETaK).

KIMHNYKA NCTPAKMBAIbA. Knuanyka uctpa-
KUBama ce JeUHNITY Kao UCTpaXk1Bama yTHUIaja jef-
HOT MJ/IM BUILE CPeJICTaBa M/IM Mepa Ha UCXOJ, 37paBba.
Perncrapcku 6poj MCTpakuBarmba ce HaBOAM Y TIOCTIeAEM
pemy caxkeTka.

ETNYKA CATTTACHOCT. Pyxonucy o NCTpaXBamu-
Ma Ha JbyiuMa Tpeba fla cafipske M3jaBy y BUAY IMMCAHOT
IPUCTaHKa UCTIUTUBAHUX 0c06a y CKTafy ¢ XelCHHIIKOM
TeKmapanujoM 1 ofo6pembe Ha/IeXKHOT eTIIKOT 0f6opa
7la ce MCTPpaXMBambe MOXKe M3BECTH 1 1A je OHO Y CKIIafy C
IpaBHMM CTaHAapAuMa. ExcriepiMeHnTamHa uCTpaXknBarma
Ha XyMaHOM MaTepujamy U CIIUTYBaba BpIIIeHa Ha XIBO-
THbaMa Tpeba fia cafipyke U3jaBy eTUYKOT 0f60pa yCTaHO-
Be 11 Tpeba fla Cy Y carlaCHOCTH C TPaBHUM CTaHAApAyMa.

M3JABA O CYKOBY MHTEPECA. VY3 pykomuc ce npu-
JIaXKe IIOTIMCaHa U3jaBa y OKBUPY obpacua Submission
Letter xojoM ce ayTOpu M3jallllbaBajy 0 CBaKOM Moryhem
CyKoOy MHTepeca UM HBeroBOM OfICYCTBY. 3a HOfaTHe
MHpOpMaInMje 0 Pa3TMINTUM BpCcTaMa Cykoba MHTepe-
ca TIOCETUTHU MHTepHeT-CTpaHnIly CBETCKOT yApYKerma
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) o Ha-
3uBOM ,,IlonuTuka usjase o cykoby unTepeca

AYTOPCTBO. Cse ocobe Koje cy HaBefieHe Kao ayTOpU
pana Tpeba fia ce kBamudukyjy 3a ayropctBo. CBaku ay-
TOp Tpeba [ia je yIecTBOBAO JOBOJLHO Y Pafly Ha PYKOIUCY
KaKo O MOTao Jia IIpey3Me OATOBOPHOCT 32 IIe/OKYTIaH
TEKCT U pe3y/TaTe USHeCeHe y pajly. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JONIPMHOCY KOHIIEIIIM)U paja, Ko-
Oujamy pesynaTaTa MIN aHANIM3U U TyMadewy pesynTaTa;
IJIAaHMParby PYKOIIMCA V/IY Fer0BOj KPUTUYKOj pEBUSUjU
Ol 3HATHOT MHTENEKTya/THOT 3Ha4aja; 3aBPLUIHOM JOTEPH-
Barby Bepsyje PYKOIMCa KOjy ce IPUIIPeMa 3a ITaMIlarbe.

AyTopu Tpeba fa IpumoKe OIMC JOIPUHOCA MOjeMHATHO
3a CBAaKOT KoayTopa y OKBUpY obpacuia Submission Letter.
DuHaHCHpame, CAaKyI/balbe NofjaTaKa MIN FeHePaTHO
HafI7eflarbe MICTPaKMBayKe IPyIie CaMi 1o cebu He MOTy



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

oIpaBfiaTi ayTopcTBO. CBY APYIM KOjU Cy [JOTIPMHENN
u3paju paja, a Koju HIUCY ayTOPM PYKOIUca, Tpebamo
6u na 6yny HaBeleHM y 3aXBaTHUIIM C OIIMCOM HVIXOBOT
IOTIPMHOCA Pafly, HAPABHO, Y3 IMCAHN IPUCTaHAK.

IUTATUJAPU3AM. Ogp 1. janyapa 2019. rogune cBu
PYKOIIICH TIOfIBpTaBajy ce IpoBepy Ha IIarujapusam/
ayromnarujapusam npexo SClndeks Assistant — Cross
Check (iThenticate). PajoB1 Koz KOjuX ce JOKaxKe IIjIa-
rujapusam/ayTorarujapusam 6uhe ongbujenu, a ayTopu
CaHKIIMOHVICAHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpannum pykonmca
Tpeba HaBecTu crnefehe: HacnoB pasa 6e3 ckpahenna;
TIIPEIIOT KPaTKOT HAac/IoBa pajia, ITyHa IMeHa 1 ITpe3yiMeHa
ayTopa (6e3 TuTyNIa) MHAEKCHpaHa OpojeBYMa; 3BaHNYaH
HAa3MB YCTaHOBA y KOjIMa ayTOPH pajie, MeCTO U pyKaBy
(pemocmenoM Koju ofiroBapa MHAEKCMpaHUM 6pojeBuMa
ayTopa); Ha JHY CTpaHNIle HABECTU MMe U TIpe3NMe, afi-
pecy 3a KOHTaKT, 6poj Tenedona, pakca u umejn agpecy
ayTopa 3ay>KeHOT 3a KOPECIIOH/IeHIIIjy.

CAJKETAK. Y3 opurnHaaHm pafi, IpeTX0oJHO 1 KPaTKO
CaoTIIITelbe, Mperef IMTepaType, MpUKa3s crydaja (6omec-
HIUKa), Paji U3 UCTOpUje MeULIVHE, aKTYeTHy TeMy, paj
3a pyOpUKY jesuK MeJVILIMHE U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHMIM JOKyMEHTa Tpeba IPUIOKUTHI Caxe-
Tak pasia obuma 100-250 peun. 3a opuruHaaHe pafose,
IPeTXOIHO M KPAaTKO CAaoMIITemhe CakeTak Tpebda la mMa
cnenehy crpykrypy: Yeon/Imm paga, Metoze pana, Pe-
3ynTaTH, 3aK/by4aK; CBaKM Off HABEJCHNX CerMeHaTa -
caTy Kao 1oce6aH 1macyc Koju Mounbe GONIOBaHOM PeylL.
Hagectn HajakHUje pesynrare (HyMepUIKe BPETHOCTN)
CTaTUCTIMYKE aHa/M3€e U HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiuTeH, Beh Mopa OuTU IMpPEKTHO IOBe3aH ca
pesynTaTMa paja. 3a mpukase 60IeCHNKa CaXKeTak Tpe-
6a ma nma cnenehe genose: YBox (y OC/en»0j pedeHNIN
HaBecTy Imb), [Ipukas 6omecHnka, 3aK/bydak; cerMeHTe
Takobe mucaTu Kao mnocebaH macyc Kojyu No4nme 601mo-
BAaHOM peun. 3a oCTajle TUIIOBE PafoBa ca)keTak HeMa
oce6Hy CTPYKTYPY.

K/bYYHE PEYN. Vicnon CaxkeTKa HaBeCTH Of TPU JIO
ImecT K/bYYHUX peun vy uspasa. He Tpeba na ce moHa-
B/bajy pedM U3 HAC/IOBA, a KIbY4He pedr Tpeba fa 6yny
perneBaHTHe VIV ONMNUCHe. Y M360pPy K/bYIHUX pedun KO-
puctutn Medical Subject Headings — MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBOJ] HA CPIICKM JE3UK. Ha tpehoj o peny
CTpaHMLIM JOKYMEHTa IIPUIOKUTH HAaC/IOB pajia Ha CpII-
CKOM je3MKy, IYHa MMeHa I IIpe3uMeHa ayTopa (6e3 Tury-
J1a) MHAeKCpaHa OpojeBMMa, 3BaHNYaH Ha3WB YCTAaHOBA
y KojuMa ayTopy paje, MecTo 1 fp>xaBy. Ha cnepehoj -
YeTBPTOj IO Pefly — CTPAHUIM JOKYMEHTA IIPYIJIOKUTY
caxerak (100-250 peun) ¢ KJby4HUM peunma (3-6), 1 TO
3a paZioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha eHIJIECKOM
jesuxy. IIpeBoy ojMoBa 13 cTpaHe uTeparype Tpeba na
6yze y [yxy cprckor jesuka. CBe CTpaHe peyuu UM CUH-
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TarMe 3a Koje IoCToju ofrosapajyhe ume y HaleM jesuky
3aMEHUTHU TUM Ha3MBOM. YKONIMKO je paj] y LeJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy HasyBe IIPHUIO-
ra (tabena, rpaduKoHa, CIIMKa, CXeMa) YKOIMKO X VIMA,
LeJIOKYTIHM TeKCT Y IbJIMa 1 JIETEH/TY Ha eHITIECKU je3UK.

CTPYKTYPA PAJIA. CBu IOGHAC/IOBY Ce TIMIITY BENMKUM
MacHMM coByMa (607y). OpUTMHAIHY paji U IPETXOTHO
U KpaTKo caollTee 06aBe3Ho Tpeba ga uMajy cnenehe
nopHacnose: YBox (Lnsb pafia HaBeCTH Kao MOCTIEbY Ia-
cyc YBopa), Metone papa, Pesynraru, [Iuckycuja, 3akmy-
vak, /Iuteparypa. IIpernen mureparype u akTyenHy TeMmy
41He: YBOJI, OfiroBapajyhm nmogHacnosy, 3akbydax, JIn-
Teparypa. [IpporMeHOBaHN ayTOp IPerIefHOT pajia MOpa
Ia HaBefie Oap IeT ayTouuTara (Kao ayTop UIm KoayTop)
panoBa My0IMKOBaHMX Y YacOMICKMa ¢ pelieH3njoM. Ko-
ayTopM, YKOIMKO UX MIMa, MOPajy /ia HaBeny 6ap jeman
ayTOIIMTAT pajjoBa TaKohe My6IMKOBaHMX Y YaCOIMCUMA C
penensujom. IIprkas cmydaja wav 60oecHKa YnHe: YBOJ,
(Llwp papa HaBeCTU Kao MOCTIeN by Iacyc YBoza), IIpukas
6omnecHrka, [lnckycuja, Jluteparypa. He Tpe6a kopuctutu
uMeHa 60JIeCHYIKa, MHMIMjajle, HUTK OpojeBe uctopuja 60-
JIeCTH, HapO4MTO Y WIycTpanyjaMa. [Iprkasu 6omecHnka
He CMejy MMaTy BUIIE Off TIeT ayTopa.

ITpunore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTU Ha
Kpaj PYKOIINCa, @ Y CAMOM Tey TeKCTa jaCHO Ha3HAYNTH
MeCTO Koje ce OfTHOCK Ha fiaTu Ipuior. Kpajia mosuiuja
npunora 6uhe oxpebena y Toxy npunpeme pajga 3a ny6-
NUKOBame.

CKPAREHMIE. KoprctuTu camMo Kajia je HEOIXOIHO,
U TO 32 BeOMa JIyrayKe Ha3VBe XeMUjCKUX jeUEberba, Off-
HOCHO HasuBe Koju Cy Kao ckpahenurie Beh mpemosHat/pu-
Bu (crangappHe ckpahenure, xao Hnp. [JHK, cuna, XVB,
ATTI). 3a cBaky cKkpaheHMIly IyH TepMUH Tpeba HaBeCTH
PV IPBOM HaBODemY Y TEKCTY, CeM aKo HMje CTaHapfHa
jemmamIa Mepe. He kopuctutn ckpahenniie y Hacnosy.
V36eraBatyt kopuirhemwe ckpaheHnna y caxxeTky, amy ako
CY HEOIIXOfIHe, CBaKy cKpaheHmIly 06jacHITY Ipy TPBOM
HaBoDemy y TeKCTy.

JEOVIMATHU BPOJEBIL. V TeKcTy pafa Ha €HITIECKOM
jesuky, y Tabenama, Ha TpadMKOHMMA ¥ IPYTUM TIPUTIO-
3MMa JelMaHe OpojeBe MUcaTy ca TaykoM (Hmp. 12.5
* 3.8), a y TeKCTYy Ha CPIICKOM je3UKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3a0Kpy>XuTu Ha
jenHy genyMary.

JEOVUHWIE MEPA. [ly>xuHy, BUCUHY, TeXKMHY U 3a1pe-
MVHY U3paKaBaTV y MeTPUYKIM jeAVHMIIaMa (MeTap — 11,
kuorpam (rpam) — kg (g), miarap — ) Wy BUXOBUM JeJo-
BuMa. Temmeparypy uspaxasaru y cterrennMa Iensujyca
(°C), xomuuHy cyncraHie y Monuma (mol), a mpurucax
KpBM y MUIMMeTpPUMa XUBKHOT cTyba (mm Hg). Cse
pesynTare XeMaTONONIKNX, KITMHIIKNX ¥ OMOXeMMjCKIX
Meperba HaBOLUTHU Y MeTPUUIKOM CHCTeMy npema Meby-
HapofHOM cucTeMy jepuunna (SI).
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OBMM PAJTOBA. IJenokynHu pyKonmuc pajia KOju YnHe
— HAaC/TIOBHA CTPaHa, CayKeTakK, TeKCT Pajia, CIMCaK JINTepa-
Type, CBY IIPU/IO3M, OFHOCHO MOTIINCH 3a FUX U JIETeH/Ia
(Taberne, cnuke, rpaMKOHM, CXeMe, LIPTEX), HACTOBHA
CTpaHa I Ca)keTaK Ha CPIICKOM je3MKy — MOPa M3HOCHUTH
33 OPUTMHAIHY Pajl, paji U3 MICTOPHje MeUIIVHE U Ipe-
rnen mureparype fo 5000 peun, a 3a IPETXOZHO U KPATKO
CAOIIIITEeE, TIPUKa3 60/IECHNKA, aKTYeITHY TeMY, Paji 3a
IPaKCy, efyKaTVBHY YWIAHAK ¥ pafl 32 PyOpUKY ,,]e3MK Me-
myyHe 1o 3000 pedn; pafloBU 3a OCTajie pyOpuKe MOry
yMary Hajsuue 1500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6utn y popma-
Ty avi, mp4(flv). Y npBom kanpy ¢umma Mopa ce HaBeCTH:
y HaiHacnmoBy CpIICKM apXMB 3a LIeJIOKYITHO 1eKapCTBO,
HACTIOB pajia, Ipe3yMeHa U MHUIIVjaIy IMEHa U CPeiber
CI0Ba CBMX ayTopa paja (He ¢puaMa), roguHa uspage. Y
IPYTOM Kafpy MOpa OMTH YCHUMI/bEH TeKCT pajia y BULY
arcrpakTa jio 350 peun. Y nocnenmeM Kaapy Gpuama Mory
ce HaBeCTM MMeHa TeXHIIKOT 0cob7ba (pexija, CHIMaTerb,
CBET/I0, TOH, PpoTorpaduja u ci1.). Y3 Buaeo-pagose foc-
TaBUTH: TOCEOHO TEKCT y BUAY arncTpakTa (o 350 peun),
jemny ¢ororpadujy Kao miaycrpanujy npukasa, usjaBy
HOTIIMCAHY Of CBET TEXHIYKOT 0cob/ba fla ce Ofipudy ay-
TOPCKVX TIpaBa y KOPUCT ayTopa pajia.

ITPVIJIO3M PAZTY cy ta6erne, cuke (¢potorpaduje, up-
TEXU, CXeMe, IpadUKOHM) Y BUEO-IPIUTIO3NL.

CeBaka Tabena Tpeba fa O6yme cama 1o ceb6u 1ako pas-
ympuBa. Hacnos Tpeba oTkynary usHap Tabene, a
objamrmema ucroy we. Tabenre ce 03HaUaBajy apancKuM
6pojeBnMa mpema pefocneqy HaBobhema y Texcry. Ta-
6erne pTaTH UCK/BYUNBO y Iporpamy Word, Kpo3 MeHI
Table-Insert-Table, y3 nedunucarme TagHOT OpOja KOIOHA
U perioBa Koju he 4nHNTH MpeXy Taberne. [lecHUM KIMKOM
Ha Muy — nomohy onnuja Merge Cells u Split Cells -
crajaTi, ogHoCcHO fennty hemuje. Kynatu ponrom Times
New Roman, BenmuumnHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
npopenoM i 6e3 yBnaderwa Tekcra. Kopumrhene ckpahe-
Hulle y Tabemu Tpeba 06jacHITH y JIeTeHAM UCIIOf, Tabe-
71e. YKOJIMKO je PYKOIIUC Ha CPIICKOM je3UKY, IPUIOXKUTU
HasuBe Tabesa U leTeHAy Ha o6a jesuka. Takobe, y jenny
Tabery, y okBUpy ucTe henmje, yHeTH 11 TEKCT Ha CPIICKOM
U TEKCT Ha €HITIECKOM je3UKy (HMKaKO He IIPaBUTH JiBe
Tabese ca iBa je3ukal).

Ciuke cy cBy 00/myLy rpaUuKmx IPUIOTa U Kao ,,CIMKe
y CA ce 06jaBmyjy dpororpaduje, npresxu, cxeMe u rpadu-
koHM. CIiKe 03HaYaBajy ce apalckuM 6pojeBuMa ImpeMa
penocneny HaBobemwa y TekcTy. IIpuMajy ce nck/byunBo
pururanHe ¢pororpaduje (pHO-6eme mm y 60ju) peso-
nyuuje Hajmame 300 dpi n popmara sanuca tiff unm jpg
(mare, MyTHe M CTIMKe JIOLIeT KBanuTeTa Hehe ce mpuxBa-
TaTH 3a mMTaMmame!). YKOIMKo ayTopy He OCeRyjy nim
Hycy y MoryhHocTH fia focTaBe gurutanse ¢pororpaduje,
OHJIa OPUTVHAJTHE C/TUKe Tpeba CKeHUPATH Y Pe3omyIyju
300 dpi v y OpUTMHATHO]j BeTMYMHN. YKOIIVKO je paji Heo-
IIXOJTHO WTyCTPOBATH Ca BUIIE CIMKa, y pany he ux 6mutu
006jaB/beHO HEKOMMKO, a ocTasie he 6utu y e-Bep3uju wiaH-

‘ doi:

Ka kao PowerPoint mpe3eHTanyja (cBaka cMka MOpa OUTH
HyMepJCaHa J IMaTH JIETeH ).

Bupneo-npunosu (mnycrpauuje paja) Mory Tpajatu 1-3
MMHyTa 1 6utn y popmaty avi, mp4(flv). ¥3 Bugeo moc-
TaBUTY ITOCeOHO CIUKY Koja 611 6uta mirycTpariyja Buyeo-
IpyKasa y e-M3amy 1 06jaB/beHa y IITaMIIaHOM U3JIabYy.
YKOnuKO je pyKOINC Ha CPIICKOM je3UKY, IIPMTIOKUTH Ha-
3UBe C/IMKa J JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecI MOTY IIITaMITaTy y 60ju, anmu fofiaTHe
TPOILIKOBE IITaMIle CHOCE ay TOPH.

Ipadukonu tpeba na 6yny ypahennu u jocrasbeHu y Ipo-
rpamy Excel, na 6u ce Bupierne mpatehe BpeHOCTHI pacIo-
pebene o henujama. Vicre rpaduxone npekonupaTu u y
Word-oB okyMeHT, e ce rpadMKOHN O3HaYaBajy apal-
cknM 6pojeBrMa IpemMa pefociefy HaBohemwa y TEKCTY.
Csu nopany Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopnmthene ckpahennie Ha rpa¢pukony tpeba
06jacHNTH Yy JIeTeH UCTION rpaduKoHa. Y MTaMIIaHoOj
Bep3Mju YWIaHKa BepoBaTHIje je fa rpadukoH Hehe 6uTn
IHITaMIIaH y 60ji1, Te je 6ojbe u3beraBaryu Kopuinhemwe 60ja
y TpadpMKOHMMA, NIV VX KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKOJIKO je PyKOINC Ha CPIICKOM je3MKY, TPUIOKUTI
Ha3uBe rpaduKoHa VI JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce foCTaBIbajy y jpg wu tiff opma-
Ty. Cxeme ce mory upraru u y nporpamy CorelDraw ummn
Adobe Illustrator (mporpamu 3a paj ca BeKTOpUMa, KpyBa-
Ma). CBU IOfaLiyt Ha CXeMM Ky1iajy ce y outy Times New
Roman, Bemanna cnosa 10 pt. Kopuihene ckpahennre
Ha cxeMy Tpeba 06jaCHUTH y JTeTeH/M NCIIOf, CXeMe. YKO-
JIVKO je PYKOIIIC Ha CPIICKOM je31KY, IIPUIOXKIUTI Ha3uBe
cxeMa I JIereHAly Ha 00a je3uka.

3AXBAJTHUIIA. HaBecTu cBe capajiHVKe KOji Cy IOIpPH-
HeJNM CTBapamy pajia a He MCIYbaBajy Mepiiia 3a ayTop-
CTBO, Kao0 LITO €y 0cobe Koje 06e36ehyjy TexHUUKY 1o-
Moh, ToMOh y Imcamy pajia MM PyKoBOJie Ofie/berbeM Koje
o6e36ebhyje ommury moppuky. uHaHCKjCKa 1 MaTepyjaTHa
nomoh, y 067Ky CIIOH30pCTBa, CTUIIEH M)A, TTOK/IOHA,
olpeMe, IeKOBa U IpyTo, Tpebda Takobe fa Oyae HaBemeHa.

JIMTEPATYPA. Cnucax pedepeHIy je ORTOBOPHOCT ay-
TOpa, a HUTUPAHY WIAaHIM Tpeba fja Oyy TaKko MpUCTy-
MavHM YnTaonyMa yaconuca. Crora y3 caky pedepeHiy
ob6ase3Ho Tpeba HaBecTyt DOI 6poj WwiaHKa (jenMHCTBEHY
HIICKY KapakTepa Koja My je gomerbeHa) 1 PMID 6poj yko-
JIMKO je WIaHaK MHAeKcupaH y 6asy PubMed/MEDLINE.

Pedepeniie HymepucaTu pefHUM aparnckum 6pojeBrmMa
IpeMa pefocelly HaBohema y TekcTy. bpoj pedepeHnru
He 611 Tpebano fa Oyne Behu ox 30, ocuM y mmperieny -
TepaType, y KojeM je 103BO/beHO fa ux Oyzme fo 50, uy
MeTaaHajusM, Ie UX je fo3BobeHo fo 100. bpoj nuTn-
PaHMX OPUTMHATHUX pafoBa Mopa 6Ty HajMame 80%
oJI yKyIIHOT 6poja pedepeHIu, 0fHOCHO 6poj uuTupa-
HUX KIbUTA, [IOI/IaB/ba y KIbMTaMa ¥ IIpereHMX YIaHaKa
Mamy off 20%. Ykonuko ce fomahe MoHorpadcke my6mm-
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Kallyje ¥ WIAHIY MOTY YBPCTUTH Y pedepeHLIie, ayTopu
Cy AY>KHM fa ux untupajy. Behnua nurupannx naydunx
YlaHakKa He 61 Tpebano fa 6yne ctapuja of IeT rofu-
Ha. Huje 03BO/beHO IVTHpabe ancTpakaTa. YKOIMKO je
OUTHO KOMEHTAPUCATH pesy/Tare KOji Cy MyO/IMKOBaHN
CaMo y BIJIY QIICTPAKTa, HEOIIXOJHO je TO HaBECTU Y CAMOM
TeKCTy paja. Pedepeniie wianaka Koju cy npuxsahenn
3a LITaMIIY, a1 jOILI HICY 06jaB/beHN, Tpeba 03HAYUTI
ca in press ¥ IPUIOKUTI JOKA3 O IIPUXBaTarby pajia 3a
o0jaB/buBatbe.

Pedepente ce nutnpajy nmpema Bankysepckom ctumy
(yHudopMmcaHNM 3aXTeBMMa 3a PYKOIIVICE KOjI ce Ipe-
Hajy 6MoMemVIIIMHCKUM YacOIMCUMa), KOjU je YCIIOCTaBMO
MebhyHapogHy KOMIUTET ypeJHIMKa MeANIIMHCKUX Jaco-
muca (http://www.icmje.org), unju dopmat kopucte U.S.
National Library of Medicine n 6a3e Hay4yHuUX my6nuKa-
nyja. [Tpumepe HaBohema mybnukanuja (41aHaka, Kibura
U IPYTUX MOHOTpaduja, eleKTPOHCKOT, Heo0jaB/beHoT I
Ipyror 06jaB/beHOT MaTepujaia) MOry ce mpoHahu Ha MH-
TepHeT-cTpaHuuu http://www.nlm.nih.gov/bsd/uniform_
requirements.html. IIpunukoM HaBobemwa nmureparype
BeoMa je BayKHO IIPUAP)KaBaTU ce IOMEHYTOT CTaHAaP/a,
jep je To jemaH Off HajOUTHMjUX PaKTOpa 3a MHIEKCUPabe
IPUIVKOM KTacuyKaIije HayYHIX 4acOMca.

ITPOIIPATHO IIMCMO (SUBMISSION LETTER). V3
pyKormuc o6aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIy CBU ayTOPH, a KOju Caip>ku: 1) usjaBy #a paj mper-
XOJIHO HUje My6IMKOBaH U Jja HUje UCTOBPEMEHO MOfHET
3a 00jaB/bMBaIbe Y HEKOM JIPYIOM YacoIINCY, 2) U3jaBy ja
CY PYKOIIIC IIPOYUTAIIY ¥ OFOOPIIN CBU ay TOPY KOjU UC-
IyHaBajy MepuiIa ayTopCTBa, M 3) KOHTAKT MOJJATKe CBUX
ayropay pany (agpece, uMejn agpece, TenedoHe UTH.).
brmanko obpasary Tpeba mpeyseT ca MHTepHET-CTPaHNUIle
vacomnuca (http://www.srpskiarhiv.rs).

Taxobe je morpe6HO HOCTaBUTH KONMje CBUX HO3BOTIA
3a: peIpoAyKoBame MPeTXOfHO 06jaB/beHOT MaTepljaa,
ynorpeby mryctpanuja u o6jaBbuBarme nHbopManyja o
HO3HATIM JbYAMMA VI IMEHOBabe /by KOjU CY JOIIPH-
HeJIM M3pafiu paja.

YTAHAPUHA, IIPETIIVTIATA I HAKHAJIA 3A OB-
PALY YITAHKA. [la 6u pap 610 06jaB/beH y yacomucy
Cpiicku apxue 3a 1en0KyilHo 71eKapcitiéo, CBU ayTOPU KOju
Ccy nexapu wm cromatonosu 3 Cpbuje Mopajy 61Ty 4ia-
HoBY CPIICKOT IeKapCKOT PYIITBa (Y CKIafly ca WIaHOM
6. Craryra JIpymTsa) 1 USMMPUTHU HaKHa[y 3a o6pany
unaHaka (Article Processing Charge) y usnocy og, 3000 au-
Hapa. AyTOpu ¥ KOayTOpM U3 MHOCTPAHCTBA Cy Y 06aBesn
fla IIaTe HaKHaay 3a o6pany wiaHaka (Article Processing
Charge) y usHocy on 35 eBpa. YIiara y jefiHoj KayeHaap-
CKoj TopuHM 00yXBaTa M CBe HApE/IHe, eBeHTYaTHe YIaHKe,
IoCyIaTe Ha pasMaTpame y Toj rogyHu. CBI ayTopy Koju
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IIaTe OBY HAKHA/[y MOTY, YKOJMKO TO JKeJle, Ia TPUMajy
MITaMIIaHO U3Jame Jacomuca. Tpeba HAIIOMEeHYTH Jja
OBa yIUIaTa Huje rapannuja fa he pay 6utu npuxsahen
u 06jaBibeH y Cpiickom apxusy 3a uenoKyiiHo 1ekapciieo.
O6aBesa mrahamwa HakHazle 3a 00pajly YWIaHKa He OTHOCH
ce Ha CTyfIeHTe OCHOBHUX CTY/Vja J1 Ha IIPETIIaTHNKE Ha
Jacoruc.

YcraHoBe (IpaBHa MHUIIa) He MOTY ITPEKO CBOje IMpeTIUIaTe
Jla VICITyHe 0Baj /0B ayTopa (($13ndKor muia). Y3 pyko-
mnc paga Tpeba JOCTaBUTH KOIMje YIIATHMIIA 32 YWIaHa-
PMHY U IIpeTIVIaTy / HaKHa/y 3a 00pajy YWIaHKa, Kao JoKa3
0 yIUIaTaMa, yKOJIMKO M3fiaBad HeMa eBUIEHL)Y O TOMe.
Yacomuc npuxBsara fjoHalyje Of CIIOH30pa KOji CHOCE [Ie0
TPOLIKOBA W/IJ TPOIIKOBE y LIJIMHU OHUX ayTopa Koju
HICY y MOryhHOCTH Ja M3Mype HaKHaAy 3a 00pajy WiaHKa
(y TakBMM C/Ty4ajeBuMa HOTPEOHO je YaCONUCy CTaBUTH
Ha YBUJ, OIIPaBJaHOCT TAKBOT CIIOH30PCTBA).

CJTAILE PYKOIIMCA. Pykomuc pajia ¥ CBM IIPUJIO3N Y3
Paj fOCTaB/bajy ce MCK/bYYMBO eIeKTPOHCKY IIPEKO CHCTe-
Ma 3a [IpMjaB/bMBalbe Ha MHTEPHET-CTPAHMIIN JaCcOIINCa:
http://www.srpskiarhiv.rs

HAIIOMEHA. Paj xoju He ucniymaBsa yc/l0Be OBOT YIIYT-
cTBa He MOXKe 6utu ynyheH Ha penensujy u 6uhe Bpahen
ayTopMMa Jia ra IomyHe 1 ucnpase. [IprpxaBarmeM yyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuTu Bpeme
Ie/IOKYITHOT TIpoIieca 10 06jaB/biBaba pajia y qacolncy,
mTo he MO3NTMBHO yTULIATH Ha KBAIMTET WIaHAKa U pe-
JIOBHOCT M3/Ta’Kerba JacoIlnca.

3a cBe momaTHe MHpOPMaIVje, MOTIMO Jia ce obpaTuTe
Ha JloJie HaBefieHe 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
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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., 997Tc,
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.

CONFLICT OF INTEREST STATEMENT. The manuscript
must be accompanied by a disclosure statement from all
authors (contained within the Submission Letter) declaring
any potential interest or stating that the authors have no
conflict of interest. For additional information on different
types of conflict of interest, please see World Association of
Medical Editors (WAME, www.wame.org) policy statement
on conflict of interest.

AUTHORSHIP. All individuals listed as authors should
be qualified for authorship. Every author should have par-
ticipated sufficiently in writing the article in order to take
responsibility for the whole article and results presented in
the text. Authorship is based only on: crucial contribution
to the article conception, obtaining of results or analysis
and interpretation of results; design of manuscript or its
critical review of significant intellectual value; final revision
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PLAGIARISM. Since January 1, 2019 all manuscripts have
been submitted via SCIndeks Assistant to Cross Check
(software iThenticate) for plagiarism and auto-plagiarism
control. The manuscripts with approved plagiarism/auto-
plagiarism will be rejected and authors will not be welcome
to publish in Serbian Achieves of Medicine.

TITLE PAGE. The first page of the manuscript (cover sheet)
should include the following: title of the paper without any
abbreviations; suggested running title; each author’s full
names and family names (no titles), indexed by numbers;
official name, place and country of the institution in which
authors work (in order corresponding to the indexed num-
bers of the authors); at the bottom of the page: name and
family name, address, phone and fax number, and e-mail
address of a corresponding author.

SUMMARY. Along with the original article, preliminary and
short communication, review article, case report, article on
history of medicine, current topic article, article for language
of medicine and article for practitioners, the summary not
exceeding 100-250 words should be typed on the second
page of the manuscript. In original articles, the summary
should have the following structure: Introduction/Objec-
tive, Methods, Results, Conclusion. Each segment should
be typed in a separate paragraph using boldface. The most
significant results (numerical values), statistical analysis
and level of significance are to be included. The conclusion
must not be generalized, it needs to point directly to the
results of the study. In case reports, the summary should
consist of the following: Introduction (final sentence is
to state the objective), Case Outline (Outline of Cases),
Conclusion. Each segment should be typed in a separate
paragraph using boldface. In other types of papers, the
summary has no special outline.

KEYWORDS. Below the summary, 3 to 6 keywords or
phrases should be typed. The keywords need not repeat
words in the title and should be relevant or descriptive.
Medical Subject Headings — MeSH (http://www.nlm.nih.
gov/mesh) are to be used for selection of the keywords.

TRANSLATION INTO SERBIAN. The third page of
the manuscript should include: title of the paper in the
Serbian language; each author’s full name and family name
(no titles), indexed by numbers; official name, place and
country of the institution in which authors work. On the
fourth page of the manuscript the summary (100-250
words) and keywords (3-6) should be typed, but this refers
only to papers in which a summary and keywords are com-
pulsory. The terms taken from foreign literature should be
translated into comprehensible Serbian. All foreign words
or syntagms that have a corresponding term in Serbian
should be replaced by that term.

If an article is entirely in Serbian (e.g. article on history of
medicine, article for “Language of medicine,” etc.), captions
and legends of all enclosures (tables, graphs, photographs,
schemes) — if any — should be translated into English as well.
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STRUCTURE OF THE MANUSCRIPT. All section head-
ings should be in capital letters using boldface. Original
articles and preliminary and short communications should
have the following section headings: Introduction (objective
is to be stated in the final paragraph of the Introduction),
Methods, Results, Discussion, Conclusion, References.
A review article and current topic include: Introduction,
corresponding section headings, Conclusion, References.
The firstly named author of a review article should cite
at least five auto-citations (as the author or co-author of
the paper) of papers published in peer-reviewed journals.
Co-authors, if any, should cite at least one auto-citation of
papers also published in peer-reviewed journals. A case
report should consist of: Introduction (objective is to be
stated in the final paragraph of the Introduction), Case
Report, Discussion, References. No names of patients,
initials or numbers of medical records, particularly in il-
lustrations, should be mentioned. Case reports cannot have
more than five authors. Letters to the editor need to refer
to papers published in the Serbian Archives of Medicine
within previous six months; their form is to be comment,
critique, or stating own experiences. Publication of articles
unrelated to previously published papers will be permitted
only when the journal’s Editorial Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be
placed at the end of the manuscript, while in the body of
the text a particular enclosure should only be mentioned
and its preferred place indicated. The final arrangement
(position) of the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for
very long names of chemical compounds, or as well-known
abbreviations (standard abbreviations such as DNA, AIDS,
HIV, ATP, etc.). Full meaning of each abbreviation should
be indicated when it is first mentioned in the text unless
it is a standard unit of measure. No abbreviations are al-
lowed in the title. Abbreviations in the summary should be
avoided, but if they have to be used, each of them should
be explained when first mentioned in the text of the paper.

DECIMAL NUMBERS. In papers written in English, in-
cluding text of the manuscript and all enclosures, a decimal
point should be used in decimal numbers (e.g. 12.5 + 3.8),
while in Serbian papers a decimal comma should be used
(e.g. 12,5 + 3,8). Wherever applicable, a number should be
rounded up to one decimal place.

UNITS OF MEASURE. Length, height, weight and volume
should be expressed in metric units (meter — m, kilogram -
kg, gram - g, liter - 1) or subunits. Temperature should be in
Celsius degrees (°C), quantity of substance in moles (mol),
and blood pressure in millimeters of mercury column (mm
Hg). All results of hematological, clinical and biochemical
measurements should be expressed in the metric system
according to the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript
- title page, summary, the whole text, list of references, all
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enclosures including captions and legends (tables, photo-
graphs, graphs, schemes, sketches), title page and summary
in Serbian - must not exceed 5,000 words for original
articles, review articles and articles on history of medicine,
and 3,000 words for case reports, preliminary and short
communications, current topics, articles for practitioners,
educational articles and articles for “Language of medicine”,
congress and scientific meeting reports; for any other sec-
tion maximum is 1,500 words.

Video-articles are to last 5-7 minutes and need to be
submitted in the flv video format. The first shot of the
video must contain the following: title of the journal in the
heading (Serbian Archives of Medicine), title of the work,
last names and initials of first and middle names of the
paper’s authors (not those of the creators of the video), year
of creation. The second shot must show summary of the
paper, up to 350 words long. The final shot of the video may
list technical staff (director, cameraman, lighting, sound,
photography, etc.). Video-articles need to be submitted along
with a separate summary (up to 350 words), a single still/
photograph as an illustration of the video, and a statement
signed by the technical staff renouncing copyrights in favor
of the paper’s authors. To check the required number of
words in the manuscript, please use the menu Tools- Word
Count, or File-Properties-Statistics.

ARTICLE ENCLOSURES are tables, figures (photographs,
schemes, sketches, graphs) and video-enclosures.

TABLES. Each table, with its legend, should be self-explan-
atory. The title should be typed above the table and any
explanatory information under the table. Tables should be
numbered in Arabic numerals in order of citation in the
text. Use MS Word, the menu Table-Insert-Table, inserting
the adequate number of rows and columns. By the right click
of the mouse, use the options Merge Cells and Split Cells. Use
Times New Roman, font size 12 pt, with single line spacing
and no indent to draw tables. Abbreviations used in tables
should be explained in the legend below each respective table.

If the manuscript is entirely in the Serbian language, tables and
corresponding legend should be both in Serbian and English.
Also, the table cells should contain text in both languages
(do not create two separate tables with a single language!).

FIGURES. Figures are all types of visual enclosures, and
photographs, schemes, sketches and graphs are published as
‘tigures’ in the Serbian Archives of Medicine. Figures should
be numbered in Arabic numerals in order of citation in the
text. Only original digital photographs (black-and-white
or color), of minimum 300 dpi, and jpg or tiff format, are
acceptable (small, blurry and photographs of poor qual-
ity will not be accepted for publishing!). If authors do not
possess or are not able to provide digital photographs,
then the original photos should be scanned in 300 dpi,
and saved in original size. If a paper needs to be illustrated
with a considerable number of figures, several figures will
be published within the paper, and the rest will be avail-
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able in the electronic version of the paper as a PowerPoint
presentation (every figure needs to be numbered and be
accompanied by legend). Video-enclosures (illustrations
of a paper) can last 1-3 minutes and are submitted in the
flv format. Along with the video, a still/photograph repre-
sentative of the video is also needed, as it will be used as a
placeholder in the electronic version of the paper, and as
an illustration in the printed version.

If the manuscript is entirely in the Serbian language, pho-
tographs and corresponding legend should be both in
Serbian and English.

Photographs may be printed and published in color, but
possible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the text.
The text in the graphs should be typed in Times New Roman.
Abbreviations used in graphs should be explained in the
legend below the respective graph. In the printed versions of
papers, graphs are generally published in black-and-white;
therefore, it is suggested to avoid the use of colors in graphs,
or to utilize colors of significant difference in brightness.

If the manuscript is entirely in the Serbian language, graphs
and corresponding legend should be both in Serbian and
English.

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vectors,
curves, etc.). The text in the schemes should be typed in Times
New Roman, font size 10 pt. Abbreviations used in schemes
should be explained in the legend below the respective scheme.
If the manuscript is entirely in the Serbian language, schemes
and corresponding legend should be both in Serbian and
English.
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the authors. Cited articles should be readily accessible to
the journals readership. Therefore, following each refer-
ence, its DOI number and PMID number (if the article
is indexed for MEDLINE/PubMed) should be typed.
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references are allowed. The number of citations of original
articles must be at least 80% of the total number of references,
and the number of citations of books, chapters and literature
reviews less than 20%. If monographs and articles written by
Serbian authors could be included in the reference list, the
authors are obliged to cite them. The majority of the cited
articles should not be older than five years. Use of abstracts
as references is not allowed. If it is important to comment
on results published solely in the form of an abstract, it is
necessary to do so within the text of the article. The references
of articles accepted for publication should be designated as
in press with the enclosed proof of approval for publication.

The references are cited according to the Vancouver style
(Uniformed Requirements for Manuscripts Submitted to
Biomedical Journals), rules and formats established by
the International Committee of Medical Journal Editors
(http://www.icmje.org), used by the U.S. National Library of
Medicine and scientific publications databases. Examples
of citing publications (journal articles, books and other
monographs, electronic, unpublished and other published
material) can be found on the web site http://www.nlm.nih.
gov/bsd/uniform_requirements.html. In citation of references,
the defined standards should be strictly followed, because
itis one of the essential factors of indexing for classification
of scientific journals.

SUBMISSION LETTER. The manuscript must be ac-
companied by the Submission Letter, which is signed by
all authors and includes the following: 1) statement that
the paper has never been published and concurrently
submitted for publication to any other journal; 2) state-
ment that the manuscript has been read and approved by
all authors who have met the criteria of authorship; and 3)
contact information of all authors of the article (address,
email, telephone number, etc.). Blank Submission Letter
form can be downloaded from the journal’s web site (http://
srpskiarhiv.rs/global/pdf/Submissionletterform FINAL.pdf).

Additionally, the authors should submit the following copies
of all permits for: reproduction of formerly published mate-
rial, use of illustrations and publication of information on
known people or disclosure of the names of people having
contributed to the work.

MEMBERSHIP FEE AND SUBSCRIPTION RATES.
In order to publish their article in the Serbian Archives of
Medicine, all authors and co-authors, medical doctors and
doctors of dental medicine, must be members of the Serbian
Medical Society (according to the Article #6 of the Statute
of the SMYS) for the year in which the manuscript is being
submitted. All authors pay an “Article Processing Charge”
for the coverage of all editing and publishing expenses.
Domestic authors pay 3,000 RSD, and those from abroad
€35. The editing and publishing fee is required for substan-
tive editing, fact and reference validations, copy editing,
and publishing online and in print. An author who had
already paid the fee can have more articles submitted for
publishing consideration in the year the fee was paid. All
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you through the process of entering your article details
and uploading your files. All correspondence, including
notification of Editorial Office, requests for revision and
Editor’s decision will be sent by e-mail.
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