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1874,

The title page of the first journal volume in Latin

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

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

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

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

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

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

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

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

Cpncxu apXVB 3a IENIOKYITHO TeKapPCTBO je Yacomc CPIICKOT IeKapCKOoT
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The Serbian Archives of Medicine
—the 150 Years’ Long Tradition

With great pride and immense honor, we welcome the year 2022 and this issue, as the very first
one of the year that marks our 150* anniversary. The Serbian Archives of Medicine, as the official
journal of the Serbian Medical Society, the oldest society of its kind in modern medical Serbian
history, was founded in Belgrade (Serbia), 150 years ago, more precisely on April 22, 1872 (ac-
cording to the Julian calendar), i.e., May 4, 1872 (according to the Gregorian calendar) [1].

About this historical action of a group of medical doctors who were practicing in Belgrade and
who were led by Dr. Vladan Pordevi¢, you will read in the next issue of our journal, in the written
address of the current President of the Serbian Medical Society — Professor Radoje Colovi¢, Full
Member of the Serbian Academy of Sciences and Arts.

The decision to publish the Serbian Archives of Medicine was already reached during the
Second Regular Meeting of the Serbian Medical Society and during the fourth one (September
16, 1872), the structure of the journal suggested by Dr. Vladan Dordevi¢ as the editor, was ac-
cepted. His idea was to publish the journal on a quarterly basis and that each issue should be made
out of two parts. Section I, the so-called Book I, should encompass (1) independent research of
national authors discussing statistical data of diseases in Serbia and other countries where Serbs
were living; (2) independent discussions from different medical and allied sciences; (3) a review
of current medical achievements worldwide; (4) critical analyses of existing national sanitary/
epidemiological stances, national medical books and research. The second part of each journal
issue, Section II (Book II) should comprise abstracts in Serbian of at least one accepted best in-
ternational medical book [2].

The first issue of the Serbian Archives of Medicine was published in 1874. Its table of contents
consisted of the following minutes from previous meetings (1872), of the so-called Main Meeting
of the Serbian Medical Society (1872), of the ordinary and extraordinary meetings held in 1872
and 1873, original articles (Section I) and Serbian translations of foreign literature (Section II).

Over the following 21 years, i.e., up to 1895, 12 books of Section I and 27 books of Section II
were published. In 1895, Dr. Milan Jovanovi¢ Batut, the new editor, introduced monthly publish-
ing of the journal with permanent jounal sections, keeping pace with other journals of that era.
Other editors afterwards gave their different personal contributions to the journal’s evolution
through the decades to come.

With journal’s home being on the West-to-East and North-to-South crossroads, it does not
come as a surprise that the two Balkan Wars, as well as two World Wars, affected Serbian Archives
of Medicine and caused the discontinuity in publishing. In 1952, the Annual Assembly of the
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Serbian Medical Society decided to count all the years since
the establishment of the Serbian Medical Society, using the
number of years since its foundation as a volume number
in addition to the publishing year.

Despite another SARS-CoV2 pandemic year behind us,
our healthcare workers' workloads did not diminish - while
the general public kept promoting the spread of COVID-19
by misinterpreting nation-wide vaccination efforts aimed
to control mortality and new viral variants’ formation for
a ‘carte blanche” to embrace life with no constraints denied
to so many — our amazing reviewers stood tall, time and
again (Table 1).

Ranked as the first reviewer in 2021, is Professor
Radmila Jankovi¢ (University of Belgrade, Faculty of
Medicine (UBFM), Belgrade, Serbia) (Figure 1), and
ranked as second, with equal number of reviews, came
Professors Nevena Kalezi¢ (UBFM), University Clinical
Center of Serbia (UCCS), Belgrade, Serbia (Figure 2),
Aleksandar Lesi¢ (UBFM, UCCS, Belgrade, Serbia) (Figure
3), Mladen Jovanovi¢ (University of Novi Sad, Faculty
of Medicine, Department of Plastic and Reconstructive
Surgery, Novi Sad, Serbia) (Figure 4), and Aleksandra
Radosavljevi¢ (UBFM, UCCS, Belgrade, Serbia) (Figure 5)
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As part of the world starts to embrace living with SARS-
CoV?2 variants and proceeds to lifting restrictions, Serbian
healthcare system still fearlessly fights rising numbers of
the infected and hospitalized, while we hope that, by the
end of 2022, if not sooner, our social solidarity will grow
to enable equitable opportunity to both life and healthcare
besides COVID-19 for all, irrelevant of age, sex, creed or
any other social determinant of health.
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The role of yogurt enriched with LGG culture
(Lactobacillus rhamnosus GG) in dental caries
prevention

Isidora Neskovi¢'?, Aleksandra Maletin', Jelena Brakoc', Bojan Petrovi¢'?, Sanja Vujkov'?,
Tanja Veljovic¢!

'University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia;

Dentistry Clinic of Vojvodina, Novi Sad, Serbia

SUMMARY

Introduction/Objective Contemporary tendencies suggest that probiotics can significantly reduce the
prevalence of caries in children, so it can be considered that they have a positive effect on general and
oral health. Lactobacillus rhamnosus GG (LGG) is a probiotic culture of particular importance in preventive
dentistry.

The aim was to assess the effects of consumption of probiotic strain Lactobacillus rhamnosus GG on the
dental plaque accumulation in children with mixed dentition.

Methods Research included 90 children with mixed dentition (5-12 years old). The first study group
consumed 200 ml of Lactobacillus rhamnosus GG-enriched yogurt (B-Activ LGG, Dukat) daily for a period of
14 days, while the remaining 30 formed the second study group who consumed 200 ml of yogurt (Jogurt
1.5% milk fat, Imlek) with manually added powder from probiotic capsule (Wayaforte LGG capsule, Medis)
daily for 14 days. The control group consisted of 30 children who had regular diet during examination
period. Silness-Loe plaque index and saliva pH (pH-Fix-0-14, Macherey-Nagel) were determined at
baseline and also upon intervention completion.

Results An increase in pH values was observed in both study groups. In general sample, there is a
significant decrease of mean plaque index values (p < 0.001). Both study groups had significant decrease
of mean plaque index values on the baseline and after 14 days consumption of yogurt. In the control
group the number of subjects with decrease plaque index values did not correlate and no association
was found.

Conclusion Consistent consumption of LGG culture-enriched yogurt inhibits dental film accumulation
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and promotes saliva pH increase in children with mixed dentition.
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INTRODUCTION

The use of probiotics in a wide range of food
products is attracting increasing interest due
to their potential health benefits. The World
Health Organization defines probiotics as “liv-
ing microorganisms which when administered
in adequate amounts confer a health benefit on
the host” [1]. That microorganisms are usu-
ally part of the normal flora and this approach
in therapy and prevention was first applied in
the treatment of intestinal diseases. The gen-
eral principle of bacteriotherapy or replacement
therapy is to change the local micro-ecology;,
since the aim of treatment is to introduce and
stimulate no pathogenic bacterial species [2].
Probiotic use is considered safe and signifi-
cant, due to their positive effects, such as im-
munomodulation, hypocholesterolemic activ-
ity, protection against infections, and immune
response normalization [3].

Most probiotics are Gram-positive bac-
teria that belong to the genera Lactobacillus
or Bifidobacterium [4]. Studies based on the
use of the intestinal probiotics Lactobacillus

rhamnosus GG [5], Lactobacillus reuteri, and
Bifidobacterium [6] have each reported achiev-
ing reduced levels of Streptococcus mutans (S.
mutans).

Probiotics can effectively prevent and treat
some infectious diseases in the oral cavity, such
as halitosis and periodontitis, and can reduce
the development of dental caries and the con-
centration of harmful bacteria, according to
clinical studies [7].

For decades, it has been known that the
main cariogenic bacterium S. mutans is one of
the dental biofilm constituents. It is the most
important microorganism for the development
of caries, both because of its rapid metabolism
of sucrose, glucose and fructose, which lowers
the pH, and due to the fact that it alters mi-
crobial homeostasis towards the caries-causing
flora.

Increased, S. mutans count is associated with
a higher risk of caries and its more rapid pro-
gression. Given the essential role of S. mutans
in the development of caries, efforts have been
made to influence its prevalence and cariogenic
ability in the oral cavity.
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After probiotics’ use, there have been shown the sup-
pressed growth of S. mutans and other oral streptococci
with cariogenic potential [8, 9] has been demonstrated
in vitro.

Clinical trials investigated the effect of probiotics on
caries prevalence as a final goal in preschool and school
children [8, 10, 11, 12].

In most of these cases, probiotics contained in milk,
ice cream, yogurt, and other dairy products have been
examined. Empirical evidence also shows that probiotic
technology is a revolutionary approach to maintaining
optimal oral cavity health [13].

Lactobacillus rhamnosus GG (LGG) is a probiotic with a
very important role in preventive dentistry, as it is believed
to reduce caries prevalence in children and was shown to
confer the same benefits in adults when combined with
fluoride [14, 15, 16].

This microorganism is capable of colonizing the oral
cavity and thus replacing cariogenic streptococci bound
to the tooth surface because the adherent ability of
Lactobacillus rhamnosus for oral tissues is greater than the
adherent ability of streptococci [15]. Short and long-term
intake of probiotics could reduce the caries risk among
children, decrease gum bleeding and reduce gingivitis,
reduce the pocket depth and positively affect the gain of
clinical attachment, as well as reduce the counts of Candida
albicans in elderly [17].

Consequently, the aim of this study was to investigate
the impact of consuming strain of Lactobacillus rhamno-
sus GG on dental plaque accumulation in preschool- and
school-aged children in period of mixed dentition.

METHODS

The research presented here was conducted at the
Dentistry Clinic of Vojvodina in Novi Sad, at the
Department of Pediatric and Preventive Dentistry. This
randomized double-blind study recruited 90 healthy chil-
dren with the age range of 5-12 years old of both sexes
(mean age = 7.86 * 1.7 years). Participants had not re-
ceived any products containing probiotic, xylitol, cortico-
steroids, systemic antibiotics, and local fluoride therapy
at least four weeks before taking part in the study. The
study had three parallel groups: 30 children in the control
group and two study groups (each group consisting of 30
children). Children from the first study group consumed
200 ml of Lactobacillus rhamnosus GG enriched yogurt
(B-Activ LGG, Dukat) daily for 14 days, this widely avail-
able yogurt includes L. rhamnosus ATCC53103. Other
study group consumed 200 ml of yogurt without probiotic
culture (Jogurt 1.5% milk fat, Imlek) with manually added
powder from probiotic capsule (Waya forte LGG capsule,
Medis) daily for 14 days, this product also contains the
same strain L. rhamnosus ATCC53103 with at least 10 x 10°
colony forming units. Tooth brushing was not allowed at
least an hour after eating probiotic yogurt. The control
group consisted of children who had normal diet during
examination period. Oral hygiene habits were not a factor
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for inclusion or exclusion from the study. The parents were
asked not to change the children's oral hygiene habits dur-
ing the two-week period. To ensure the use of the probiotic
yogurt participants were asked to fill out a table for two
weeks each time they used the yogurt.

Prior to commencing the study, parents of the partici-
pating children were informed of all research procedures
(Appendix 1: Informing parents / guardians about the
study) and provided signed consent for the child’s par-
ticipation (Appendix 2: Parent’s / guardian’s consent to for
their child’s participation in the study).

Oral examinations were conducted by an experienced
pediatric dentist, using mirrors and periodontal probes
under focused flashlights in a conventional dental chair.

Silness-Loe plaque index and saliva pH (pH-Fix-0-14,
Macherey-Nagel) were determined for all subjects on the
first and last day of the study.

The Silness-Loe plaque index was measured by ex-
amining four tooth surfaces (vestibular, vestibulo-mesial,
vestibulo-distal, and lingual) with a periodontal probe,
and each of the surfaces was rated on a 0—3 scale (0 = no
dental biofilm, 1 = small amount of biofilm not visible to
the naked eye, 2 = greater amount of biofilm visible to the
naked eye, 3 = abundance of dental biofilm). The plaque
index was calculated by summing the scores pertaining to
all four surfaces of all teeth and dividing by four (number
of surfaces examined) and the number of teeth examined
in both upper and lower jaw.

The saliva pH was determined using pH-Fix indicators,
which measure pH in the range from 0 to 14.

The research was conducted in accordance with the
Helsinki declaration and was approved by the Committee
on Ethics of the Dentistry Clinic of Vojvodina in Novi Sad.

The data obtained were analyzed using the statistical
software The jamovi project, Jamovi (2020) (Version 1.6).
The Shapiro-Wilk test was used to test normality, prior to
selection of appropriate parametric/nonparametric test.
The overall data were analyzed using Friedman nonpara-
metric test and Durbin-Conover pairwise comparisons.
For all analyses, p < 0.05 was considered statistically sig-
nificant.

RESULTS

The first study group that consumed yogurt enriched with
LGG included 30 children, 14 (46.6%) of whom were boys,
and 16 (53.4%) were girls. The second study group that
consumed yogurt with manually added probiotic powder
incorporated 30 children, 12 (40%) of whom were boys and
18 (60%) were girls. The control group comprised 30 chil-
dren, 15 (50%) of whom were boys and 15 (50%) were girls.

The distribution of the age of children was analyzed
using the Friedman test, which indicates that the sample
is uniformed since there is no statistically significant dif-
ference in all three examined groups (p = 0.114).

The mean pH value does not increase significantly in
general sample (p = 0.155). Mean pH value did not increase
significantly in the first study group which consumed
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Table 1. Impact of probiotic treatment on mean pH value at baseline and after 14 days of consuming LGG probiotic culture

Neskovic I. et al.

Control group Control group Study group Study group Study group Study group
Parameters pH1 pH 2 yogurt pH 1 yogurt pH 2 capsule pH 1 capsule pH 2
(n=30) (n=30) (n=30) (n=30) (n=30) (n=30)
Mean 6.43 6.43 6.70 6.90 6.63 6.60
Median 6.50 6.50 7.00 7.00 7.00 7.00
Standard deviation 0.626 0.626 0.702 0.662 0.490 0.498
Shapiro-Wilk W 0.742 0.742 0.781 0.794 0.612 0.624
Shapiro-Wilk p <0.001 < 0.001 <0.001 <0.001 <0.001 <0.001

*pH 1 - pH value at the baseline
*pH 2 - pH value after 14 days

Table 2. Comparison of mean pH values of all three studied groups
using Pairwise Comparison (Durbin-Conover) test

Groups Statistic p

Controlg.pH 1 Control g.pH 2 0.0000 1.000
Control g. pH 1 Study g. yogurt pH 1 1.1122 0.268
Control g.pH 1 Study g. capsule pH 1 1.0232 0.308
Control g.pH 2 Study g. yogurt pH 2 2.4468 0.016
Control g. pH 2 Study g. capsulepH2 | 0.7563 0.451
Study g.yogurt pH 1 | Study g. yogurt pH 2 1.3346 0.184
Study g.yogurt pH 1 | Study g. capsulepH 1 | 0.0890 0.929
Study g.yogurt pH2 | Study g.capsulepH2 | 1.6905 0.093
Study g. capsule pH 1 | Study g. capsulepH 2 | 0.2669 0.790

*pH 1 - mean pH value at baseline
*pH 2 — mean pH value after 14 days
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Figure 1. Plaque index values at the baseline and 14 days after intake
of commercial yogurt
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Figure 2. Plaque index values at the baseline and 14 days after intake
of yogurt with manually added probiotic powder

commercial yogurt, at the baseline and after 14 days of
consuming. The second study group which consumed
yogurt with manually added probiotic powder also did
not show significantly increase of mean pH value before
and after consuming probiotic. The findings are reported
in Tables 1 and 2.

In the general sample, there is significant decrease in
mean plaque index values (p < 0.001). In the first study
group, there is statistically significant decrease of mean
plaque index value on the baseline and after 14 days con-
sumption of commercially available yogurt (p < 0.01). The

‘ DOI: https://doi.org/10.2298/SARH201129001N

baseline and after 14 days Silness-Loe plaque index values
ranged from 0.113 to 1.972, and 0.013 to 0.437, respective-
ly, as shown in Figure 1. It is evident from the graph that
LGG yogurt consumption has led to marked plaque index
reduction. The results of mean plaque index values in the
second study group who consumed yogurt with probiotic
powder from capsules, also showed a significant reduction
(p <0.01). In the second study group, the baseline and after
14 days Silness-Loe plaque index values ranged from 0. to
1.803, and 0 to 0.523, respectively, as shown in Figure 2. In
the control group, the number of subjects with decrease
plaque index values did not correlate and no association
was found. Statistically significant difference is noticed
between mean plaque index values (PI2 - after 14 days)
of control group and both study groups mean values of
plaque index after consumption of LGG culture (p < 0.01).

There is no significant difference in mean plaque in-
dex values between two study groups at the end of the
observation period (p > 0.05). The findings are reported
in Tables 3 and 4.

DISCUSSION

The aim of the present study was to demonstrate the effect
of the use of L. rhamnosus enriched commercial yogurt
and yogurt with manually added probiotic powder on the
degree of dental plaque accumulation after two weeks of
consumption. The results obtained by analyzing the saliva
pH and plaque index in children measured before and af-
ter consuming yogurt indicated an increase in pH and a
significant decrease in dental biofilm in all participants,
from these facts we could indirectly infer a decreased pres-
ence of S. mutans. The mean saliva pH value at baseline
in first study group was 6.70, increasing to 6.90 after two
weeks of commercial yogurt intake. As expected [2, 4,
12], the amount of dental biofilm declined, as indicated
by the mean plaque index of 0.717 and 0.224, before and
after intervention, respectively. Although the second study
group which consumed yogurt with manually added pro-
biotic powder, did not show increase of mean pH value,
the amount of dental biofilm declined, as indicated by the
mean plaque index of 0.598 at the baseline, and 0.227 after
14 days.

In the majority of studies examining the effect of pro-
biotics on the oral microflora, probiotics were consumed
for up to 15 days, which is in line with the methodology
adopted in the present investigation [6, 18-25]. The most
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Table 3. Impact of probiotic treatment on plaque index value at baseline and after 14 days of consuming LGG probiotic culture

) Control group Control group Study group Study group Study group Study group
arameters Plague index 1 Plague index 2 yogurt yogurt capsule capsule

a a Plaque index 1 Plaque index 2 Plaque index 1 Plaque index 2
Mean 0.668 0.622 0.717 0.224 0.598 0.227
Median 0.633 0.705 0.645 0.222 0.609 0.206
Standard deviation 0.428 0.361 0.477 0.142 0.400 0.180
Shapiro-Wilk W 0.938 0.954 0.915 0.921 0.948 0.943

*Plaque index 1 - mean value of Plaque index at baseline
*Plague index 2 - mean value of Plaque index after 14 days

Table 4. Comparison of mean plaque index values of all three examined

groups using Pairwise Comparison (Durbin-Conover) test

rhamnosus for oral tissues is greater than the adherent
ability of streptococci. Hukioja et al. [28] noted that

L. rhamnosus GG adheres well to hydroxyapatite, al-

though there is a difference in the quality of adhesion

between different individuals.

Despite the issue having been addressed in nu-

merous studies and their findings indicated that the

Lactobacillus probiotic plays a beneficial role in caries

prevention, the exact mechanism of probiotic action

has not been established [15, 16, 17, 19, 20, 22, 25,

26, 27].

Group comparison Statistic p
Control group PI 1 - Control group Pl 2 0.843 0.401
Control group PI 1 - Study group yogurt Pl 1 0.295 0.768
Control group PI 1 - Study group capsule Pl 1 0.674 | 0.501
Control group PI 2 - Study group yogurt Pl 2 4.762 | <0.001
Control group PI 2 - Study group capsule Pl 2 5.142 | <0.001
Study group yogurt Pl 1 - Study group yogurt Pl 2 5310 |<0.001
Study group yogurt PI 1 - Study group capsule PI 1 | 0.379 | 0.705
Study group yogurt Pl 2 - Study group capsule PI2 | 0.379 | 0.705
Study group capsule Pl 1 - Study group capsule PI2 | 5.310 | <0.001

Based on a review of the available literature, it can be

*PI 1 — mean value of Plaque index at baseline
*PI 2 — mean value of Plaque index after 14 days

commonly studied probiotics are those contained in forti-
fied milk, ice cream, yogurt, and other dairy products. For
example, Chinnappa et al. [24] observed a decrease in S.
mutans count after a week-long daily consumption of ice
cream and whey containing a probiotic. Similar results
were obtained by Caglar et al. [6] with Bifidobacterium
lactis, Jiang et al. [17] with the probiotic L. rhamnosus,
Hedayati-Hajikand [11] with ProBiora3°® blend of three
strains of probiotic bacteria (S. uberis KJ2™, S. oralis KJ3™,
S. rattus JH145™), and Burton et al. [26] using S. salivarius
MI8.

Very important factor is the use of different means of
delivery such as dairy products, chewing gums and drops
to transfer probiotics. The probiotic channels of supply are
suitable for all ages, especially for young children [27]. In
the presented study, yogurt is selected because it is safe,
available and used routinely in Serbian children’s diet.
Unfortunately, the commercial yogurt, which is used in
the study is not available in our country, although it is
produced in Serbia. In conclusion, it appears that yogurt
with manually added probiotic powder has shown same
effect on the formation of dental plaque, even though com-
mercial yogurt is easier to use.

The effects of Lactobacillus acidophilus ATCC 4356
and Bifidobacteriumbifidum ATCC 29521 changing S.
mutans counts have been evaluated in study conducted
by Ghasemi et al. [27], in both groups, S. mutans counts
on the first day, second week, and fourth weeks after the
intervention were significantly lower than baseline values.

L. rhamnosus is capable of colonizing the oral cavity
and thus replacing cariogenic streptococci bound to the
tooth surface because the adherent ability of Lactobacillus

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):10-16

presumed that the microflora in children is less stable

and more susceptible to change compared to the micro-

bial communities in adults. Consequently, probiotics
may have a more lasting effect on the resident microbial
population in children [16]. Owing to this disparity, the
work presented here focused specifically on preschool- and
school-aged children with mixed dentition.

Numerous strains of lactobacilli have been identified,
but only a small subset of these strains promotes caries
development. Available evidence indicates that L. salivarius
w24, owing to its sucrose metabolism and pH-reducing
capability, could act cariogenically. On the other hand, L.
rhamnosus, L. paracasei, and L. reuteri can have a safe and
positive effect on caries inhibition. Nonetheless, in vitro
results preclude specific conclusions and recommenda-
tions. It can generally be stated that the effect of lactobacilli
may be desirable in the case of carefully selected probiotic
candidates [25].

In more recent literature, the role of prebiotics and
symbiotics is increasingly being emphasized, in terms of
promoting the growth of probiotic bacteria. Bijle at al. [29]
demonstrated the usefulness and benign effects of a novel
symbiotic with synergistic inhibitory effect on cariogenic
bacterium S. mutans. Their results demonstrated that the
use of L-arginine as a prebiotic enhanced the growth of
the probiotic — L. rhamnosus GG, whose increase prevents
adhesion of S. mutans. This observation and application
of symbiotics and probiotics opens up opportunities for
our new research.

It is important to emphasize that even strains of the
same species have different characteristics and each should
be individually investigated. It is possible that the same
species is not optimal for all oral conditions, hence bacte-
riotherapy should be tailored to the oral health status of
each individual.

www.srpskiarhiv.rs

13



14

CONCLUSION

Regular consumption of LGG enriched yogurt
(Lactobacillus rhamnosus GG) has an inhibitory effect on
the accumulation of dental biofilm and promotes saliva
pH increase in children with mixed dentition. By using
probiotic products, it is possible to modify dental biofilm
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Ynora jorypta oboraheHor npobuotckom Kyntypym Lactobacillus rhamnosus GG

y NpeBeHumjuU Kapujeca

Wcnpopa Helwwkouh'?, AnekcaHppa ManetuH', JeneHa bpakou', bojaH Metposuh'?, Catba Byjkos'?, Tarba Bersosuh'
'YHugep3utet y Hosom Cagy, MeanunHckm dakyntet, Hosu Cag, Cpbuja;

2KnuHuika 3a ctomatonorujy Bojsogute, Hosu Cag, Cpbuja

CAMETAK

Yeog/LUnm CaBpemeHn TpeHLOBY roBope y Npuaor Tome Aa
NPOGUTVLM MOTY 3HauajaHO Aa yTUYY Ha CMakeHe NpeBaneHLe
Kapujeca y fiedjem y3pacTy, Te ce cmaTpa Aa MOo3UTUBHO YTUuy
Ha onLTe 1 opanHo 3apassbe. [pobroTcka KynTypa Koja je y
00611acTVi NPeBEHTVBHE CTOMATOJIOTUje NoKasana 3HayajHe pe-
3ynTate je Lactobacillus rhamnosus GG (JIT).

Linrb papa je ncnutaty ytmuaj ynotpebe coja JIIT Ha akymyna-
LMjy AEHTAHOT NnaKa KOA feLie ca MELLOBUTOM AEHTULNjOM.
MeTope Y nctpaxuBaty je yuecTsoBano ykynHo 90 feue y
nepuopy MeloBuTe aeHtuymje (y3pacta 5-12 roguna). Mpsy
eKneprMeHTaHy rpyny YiHuio je 30 ucnutaHnka Koju cy To-
KoM 14 gaHa KoH3ymupanu jefHom gHeBHo no 200 m/ jorypta
ca popatkom JIIT (B-Activ LGG, lykaT), Apyry rpyny uviHuno je 30
AeLe KojU Cy KOPUCTUMN jeHOM AHEBHO Npax 13 NpobuoTcke
kancyne (Waya forte JIIT kancyne, Meguc) pactsopeH y 200 m/
jorypta Koju paHuje Huje cappao npobuoTtcke Kyntype (jorypt
1,5% mneyHe mactu, imnek) Tokom 14 gaHa. KoHTponHy rpy-

ny YnHuno je 30 NCNUTaHKKa Koju Cy ce yobryajeHo XpaHuIu.
Mnak nHaekc no Cunxecy n Jloy n pH BpegHoCT nibyBauke (pH-
Fix-0-14, Macherey-Nagel) oppehnsaHu cy npBor 1 nocnepmer
AaHa NCTpaxuBakba.

Pesyntatu Y 06e ekcneprimeHTanHe rpyne yoyeH je nopact
cpepbux pH BpegHoCTU. Y LIenoKynHOM Y30PKy AOLUO je A0
CMatbeHba CPeatbUX BPeAHOCTM NaK nHaekca (p < 0,01).Y obe
eKCrnepuMeHTanHe rpyne JOLIO je A0 3HauajHOr CMatbetrba
CPeAHMX BPeAHOCTY NNaK NHAEKCA Ha MOYETKY NCTpaXmnBama
1 HaKOH 14-AHEBHOI KOH3yMMpakba jorypTa oborahexor JIIT
KyNTYpoM. Y KOHTPOJIHOj rpynu Huje 3abenexeHa npomeHa
CPeArVX BPeAHOCTM M1ak NHAEeKCa.

3akrpyuak PefoBHa ynotpeba jorypta ob6oraheHor JIIT KynTy-
pom fienyje NHXMOGUTOPHO Ha akymynauujy fieHTanHor 6uodun-
Ma 1 MOACTMYe nopacT pH BpeAHOCTY NibyBauke KOA Aelie ca
MELLOBUTOM AEHTULIjOM.

KmbyuHe peun: aeHtanHy 6nodpunm; npoburotnum; KaproreHe
6akTepuje

APPENDIX 1

Informing parents / guardians about the study titled:

The role of probiotic culture Lactobacillus rhamnosus GG in caries prevention

Dear parents,

This scientific study aims to demonstrate that the consumption of LGG culture (Lactobacillus rhamnosus)
reduces the microbial flora of the oral cavity and plays a significant role in the prevention of caries.

The study involves a two-week consumption of LGG yogurt (b-Activ LGG, Dukat) or LGG probiotic capsules,
before and after which a dental examination will be performed, including assessment of the plaque deposits

on teeth and measuring the acidity of saliva.

The study poses no risk to the physical or mental health of your child. It is conducted in accordance with
the Declaration of Helsinki and approved by the Ethics Committee of the Dentistry Clinic of Vojvodina.

Your child’s participation in this research is voluntary and yields no material gain to you or your child. You
can withdraw your child from the investigation at any time without any consequences. The data obtained will
be treated as confidential and will be used only for the purposes of this research.

If you agree with your child’s participation in this scientific research, please sign the form “Parent’s / guardian’s

consent for their child’s participation in the study.”

Thank you for your cooperation.

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):10-16
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APPENDIX 2
Parent’s / guardian’s consent for their child’s participation in the study titled:

The role of probiotic culture Lactobacillus rhamnosus GG in caries prevention
I am fully informed of the details of the scientific research entitled “The role of probiotic culture Lactobacillus
rhamnosus GG in caries prevention”. | have read the information related to the planned investigation, and was
given the opportunity to ask further questions about this study, whereby all my queries have been addressed

to my satisfaction.

| consent to my child’s participation in the aforementioned research study and am aware that | can withdraw
my consent at any time without any consequences.

Child’s first name and surname:

Child’s date of birth:

Parent’s/guardian’s first name and surname:

Date:

Parent’s/guardian’s signature:

Researcher’s signature:
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Mesiodistal dimensions of teeth in Serbian
orthodontic patients with hypodontia

Marija Zivkovi¢', Neda Lj. Stefanovi¢', Branka Popovi¢?, Jovana Juloski', Ivana S¢epan’,
Branislav Glisic¢!

'University of Belgrade, School of Dental Medicine, Department of Orthodontics, Belgrade, Serbia;
2University of Belgrade, School of Dental Medicine, Institute of Human Genetics, Belgrade, Serbia

SUMMARY

Introduction/Objective Hypodontia is a common dental anomaly that occurs either in a non-syndromic
form or as a part of various syndromes. It is considered a multifactorial condition with genetic, epigen-
etic, and environmental influences, the interplay of which can lead to various anomalies in tooth size
and number.

The aim of this study was to assess mesiodistal tooth dimensions in Serbian hypodontia orthodontic
patients and compare them to healthy controls using digital study models.

Methods Fifty subjects (30 females, 20 males) divided into two groups — 25 with hypodontia (15 females,
10 males) and 25 sex-matched controls (15 females, 10 males) — were included in the study. Alginate
impressions were taken and plaster models poured, digitized, and imported into software where me-
siodistal dimensions were obtained.

Results Intra-operator reliability was high. All teeth in the hypodontia group had smaller mesiodistal di-
mensions compared to controls. Statistical significance was noted for all teeth except for upper canines. No
statistically significant differences were found between males and females in neither the hypodontia nor
the control group, except for lower canines, which were significantly smaller in both hypodontia and control
females. The most commonly missing teeth were upper lateral incisors, and lower and upper premolars.
Conclusion Hypodontia group presented with smaller mesiodistal dimensions compared to controls. The
greatest difference in mesiodistal dimensions was found in upper lateral incisors and lower first molars.

Lower canines were significantly larger in males compared to females in both groups.
Keywords: hypodontia; tooth agenesis; mesiodistal dimensions; tooth size

INTRODUCTION

Tooth agenesis is a common dental anomaly
that occurs either in a non-syndromic form or
as a part of various syndromes. Non-syndromic
hypodontia of permanent teeth is one of the
most common developmental dental anomalies
in humans. Different terms, such as hypodon-
tia, oligodontia, and anodontia are used to de-
scribe it. Hypodontia is used when one to six
teeth (excluding third molars) are congenitally
missing. Oligodontia means that more than
six teeth (excluding third molars) are missing,
whereas anodontia denotes extreme cases of
complete absence of teeth. Hypodontia is more
common in permanent than in primary denti-
tion. According to the literature, prevalence of
tooth agenesis in permanent dentition varies
1.6-36.5% depending on the population [1].
Results of a recent systematic review on the
prevalence of hypodontia, which included 93
studies from 2002 to 2012, concluded the prev-
alence of hypodontia was 6.4%. The same study
found statistically significant differences in the
geographic prevalence of hypodontia. It was
highest in Africa (13.4%), followed by Europe
(7%), Asia (6.3%), and Australia (6.3%), with
the lowest prevalence in North America (5%)
and Latin America and the Caribbean (4.4%).

However, the authors did not find statistically
significant differences in prevalence depending
on the examined population, i.e., school chil-
dren, dental patients, and orthodontic patients.
This study also showed that most commonly,
one or two teeth were congenitally missing
(about 81%), three to five teeth were missing
in 14% of cases, while six or more teeth were
missing in only 3% of cases [2]. Janosevi¢ et al.
[3] have reported the prevalence of hypodon-
tia in Serbian children to be 6.28%, which is
similar to hypodontia prevalence amongst
other south-Slavic nations, i.e., in the Croatian
(5.52%), Slovenian (6.9%), and Macedonian
(7.52%) populations [4, 5, 6]. Several studies
reported hypodontia to be more prevalent in
females than in males [2, 7].

The etiology of tooth agenesis is still unclear.
Hypodontia has been regarded as a multifac-
torial condition with genetic, epigenetic and
environmental influences, the interplay of
which can lead to various anomalies in tooth
size and number [8]. Hundreds of genes have
been connected with the patterning, morpho-
genesis, and cell differentiation in teeth so far
[9]. Numerous studies have reported on the
connection between tooth number and tooth
size anomalies, and most of them have con-
cluded that tooth dimensions were smaller in
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patients with hypodontia compared to controls [10, 11,
12]. Furthermore, a reduction in tooth size has also been
observed in unaffected relatives of hypodontia patients
[13], indicating a genetic influence on the link between
the number and size of teeth.

Tooth size discrepancies affect buccal interdigitation,
overjet, overbite, and midline position. Moreover, several
authors have concluded that hypodontia impacts func-
tional and psychosocial aspects of the patient’s well-being,
therefore affecting their quality of life [14-17]. Thus, the
evaluation of tooth size and tooth number anomalies plays
an important part in orthodontic diagnosis and treatment
planning [13]. Both researchers and clinicians have used
different techniques to evaluate and quantify tooth size
and shape. The most common tool used for more than a
century has been a caliper, which has been modernized
into a digital caliper. Three-dimensional (3D) imaging
and scanning has been introduced to orthodontics at the
beginning of the 21st century. Laser scanners, cone-beam
computed tomography scanners, stereophotogrammetry,
amongst others, have been used for obtaining 3D images
of teeth, jaws, and soft-tissues for over a decade now [18,
19]. Apart from being used to store patients’ models and
information electronically, 3D imaging has also found its
place in virtual 3D diagnostics and tooth movement analy-
ses by superimposition of pretreatment and posttreatment
models [20, 21].

The aim of our study was to assess mesiodistal tooth
dimensions in hypodontia patients and compare them to
those of healthy controls using digital study models.

METHODS
Study sample

The study involved 50 subjects (30 females, 20 males)
treated at the Department of Orthodontics, School of
Dental Medicine, University of Belgrade. The sample was
divided into two groups - one consisted of 25 subjects (15
females, 10 males) with hypodontia and the other consisted
of 25 sex-matched controls (15 females, 10 males) without
hypodontia.

Inclusion criteria

Inclusion criteria for the hypodontia group were as follows:

« one or more congenitally missing teeth (excluding
third molars);

« no evidence, reported by the patient or noted upon
clinical examination, of any syndrome known to be
associated with hypodontia.

Inclusion criteria for the control group were as follows:

« no sign of hypodontia (excluding third molars);

« sex-matched to the hypodontia group.

Diagnosis of tooth agenesis was based on clinical ex-
amination, panoramic radiographs and anamnestic data.
Deciduous teeth, erupting teeth, impacted teeth, teeth with
large lesions or dental restorations, and teeth with defects

‘ DOI: https://doi.org/10.2298/SARH200410007Z
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on the dental casts were excluded from the study. Sixty-
seven teeth were excluded from the hypodontia group,
while 82 teeth were congenitally missing. Thirty-eight
teeth were excluded from the control group. Upper and
lower incisors, canines, premolars and first molars were
measured. A total number of 451 teeth were measured in
the hypodontia group and 562 in the control group. In the
hypodontia group, 56% of patients had one or two teeth
congenitally missing, 28% had three to six teeth missing,
and 16% had more than six teeth missing.

This research was approved by the Human Research
Ethics Committee of the School of Dental Medicine,
University of Belgrade (resolution number 36/31 from
December 4, 2014).

Data collection

Alginate impressions were taken for patients in both
groups. Plaster models were poured on the same day
and study models were trimmed. Each study model was
positioned on a stand and scanned by a single operator
(MZ) using the NextEngine 3D scanner HD (Next Engine
Inc., Santa Monica, CA, USA; Figure 1). Digitized study
models were saved as stereolithography (.stl) files and
imported into the Geomagic Control software (Raindrop

Figure 1. Scanning of a study model positioned on a stand with Nex-
tEngine 3D scanner HD (Next Engine Inc., Santa Monica, CA, USA)

Figure 2. Measuring the mesiodistal dimension of upper right first
premolar in the Geomagic software

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):17-22
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Geomagic Inc, Cary, NC, USA), where they were converted
to the .wrp format, a file format proprietary to Geomagic.
Mesiodistal crown width was measured as the greatest
distance between the contact points on the interproximal
surfaces of tooth crowns (Figure 2). Upper and lower inci-
sors, canines, premolars and first molars were measured
on both the left and the right side of each dental arch and
the dimensions were averaged. All measuring was done
by the same operator (MZ). All teeth in the hypodontia
group were measured twice, approximately one week apart.
A total number of 451 teeth from the hypodontia group
were included in the intra-operator error study. The val-
ues for left and right teeth were averaged and compared
between two measurements.

Statistical analysis

All recorded data was analyzed using IBM SPSS Statistics,
Version 20.0 (IBM Corp., Armonk, NY, USA). The
Kolmogorov-Smirnov test revealed the sample was nor-
mally distributed - therefore, parametric tests were used.
The independent samples t-test was used to evaluate
whether the diagnosis (presence/absence of hypodontia)
and sex had an effect on the measurements. Paired samples
t-test was used to evaluate the differences between mea-
surements. Level of significance was set at p < 0.05.

RESULTS

Intra-operator reliability levels were high, with no statisti-
cally significant differences between the two sets of mea-
surements (Table 1).

All the teeth in the hypodontia group had smaller me-
siodistal dimensions compared to the controls (Tables 2
and 3). Statistically significant differences in mesiodistal
dimensions between the groups were noted for all teeth,
except for upper canines (Table 2). Upper lateral incisors
(Table 2) and lower first molars (Table 3) showed the great-
est differences in mesiodistal dimensions between the hy-
podontia and the control group.

No statistically significant differences were found be-
tween males and females in neither the hypodontia (Tables
4 and 5) nor the control group (Tables 5 and 6), except for
lower canines, which were significantly smaller in females
in both the hypodontia (Table 5) and the control group
(Table 7).

Table 1. Intra-operator error assessment between two measurements
in the hypodontia group

Maxilla Mandible

Tooth

n Error (mm) SD n Error (mm) SD
I 25 0 0.24 24 -0.08 0.23
12 13 0.07 0.21 25 0.02 0.22
C 15 0.08 0.31 20 -0.01 0.29
PM1 21 0.02 0.19 19 0.07 0.19
PM2 13 0.02 0.24 12 -0.01 0.15
M1 24 0.02 0.17 24 0.10 0.33

11 - central incisor; 12 - lateral incisor; C - canine; PM1 - first premolar;
PM2 - second premolar; M1 - first molar
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Table 2. Mean values and standard deviations for the hypodontia and
the control group - maxilla

Tooth Group n Mean SD p
Hypodontia 25 8.04 0.45
1 < 0.007***
Control 25 8.59 0.48
Hypodontia 13 5.47 0.74
12 < 0.007***
Control 25 6.74 0.48
Hypodontia 15 7.44 0.54
C 0.114
Control 25 7.67 0.38
Hypodontia 21 6.43 0.46
PM1 0.001**
Control 14 7.03 0.44
Hypodontia 13 6.16 0.43
PM2 0.003**
Control 25 6.61 0.42
Hypodontia 24 9.25 0.59
M1 < 0.007***
Control 25 10 0.53

11 - central incisor; 12 - lateral incisor; C - canine; PM1 - first premolar;
PM2 - second premolar; M1 - first molar;

*p < 0.05;

**p <0.01;

**¥p < 0.001

Table 3. Mean values and standard deviations for the hypodontia and
the control group - mandible

Tooth Group n Mean SD p
Hypodontia 24 5 0.4
I < 0.007***
Control 25 54 0.27
Hypodontia 25 5.49 0.38
12 < 0.007***
Control 25 6.01 0.32
Hypodontia 20 6.59 0.51
C 0.029*
Control 25 6.89 0.38
Hypodontia 19 6.51 0.57
PM1 0.006**
Control 21 6.95 0.39
Hypodontia 12 6.33 0.42
PM2 < 0.007***
Control 25 6.96 0.48
Hypodontia 24 9.38 0.72
M1 < 0.007***
Control 24 10.44 0.58

11 - central incisor; 12 - lateral incisor; C - canine; PM1 - first premolar;
PM2 - second premolar; M1 - first molar;

*p < 0.05;

**p <0.01;

*%p < 0.001

Table 4. Mesiodistal dimensions of teeth by sex in the maxilla - hy-
podontia group

Tooth Sex n Mean SD p
Male 10 7.86 0.45
I 0.104
Female 15 8.16 0.43
Male 5 5.56 0.61
12 0.753
Female 8 541 0.85
Male 5 7.61 0.69
C 0.397
Female 10 7.35 047
Male 7 6.34 0.25
PM1 0.541
Female 14 6.48 0.53
Male 5 5.82 0.3
PM2 0.018*
Female 8 6.37 037
Male 9 9.28 0.68
M1 0.841
Female 15 9.23 0.55

11 - central incisor; 12 - lateral incisor; C - canine; PM1 - first premolar;
PM2 - second premolar; M1 - first molar;

*p < 0.05;

**p <0.01;

**%p < 0.001
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Table 5. Mesiodistal dimensions of teeth by sex in the mandible -
hypodontia group

Tooth Sex n Mean SD p
Male 9 5.12 0.48
n 0.304
Female 15 4,94 0.35
Male 10 5.58 0.4
12 0.312
Female 15 5.43 0.36
Male 7 6.90 0.48
C 0.040*
Female 13 6.42 0.46
Male 7 6.70 0.7
PM1 0.265
Female 12 6.39 0.48
Male 5 6.2 0.21
PM2 0.395
Female 7 6.42 0.52
Male 9 9.23 0.96
M1 0.434
Female 15 9.47 0.55

11 - central incisor; 12 - lateral incisor; C - canine; PM1 - first premolar;
PM2 - second premolar; M1 - first molar;

*p < 0.05;

**p < 0.01;

***p < 0.001

Table 6. Mesiodistal dimensions of teeth by sex in the maxilla - control
group

Tooth Sex n Mean SD p

Male 10 8.68 0.54

11 0414
Female 15 8.52 0.45
Male 10 6.94 0.34

12 0.098
Female 15 6.61 0.53
Male 10 7.75 0.37

C 0.454
Female 15 7.63 0.4
Male 9 7.13 0.46

PM1 0.264
Female 5 6.85 0.38
Male 10 6.61 0.41

PM2 0.977
Female 15 6.61 0.44
Male 10 9.97 0.42

M1 0.810
Female 15 10.02 0.61

11 - central incisor; 12 - lateral incisor; C - canine; PM1 - first premolar;
PM2 - second premolar; M1 - first molar;

*p < 0.05;

**p <0.01;

**¥p < 0.001

Table 7. Mesiodistal dimensions of teeth by sex in the mandible -
control group

Tooth Sex n Mean SD p

Male 10 5.40 0.31

I 0.982
Female 15 54 0.26
Male 10 6.01 0.31

12 0.947
Female 15 6.01 0.33
Male 10 7.12 0.42

C 0.012*
Female 15 6.74 0.28
Male 10 6.98 0.45

PM1 0.742
Female 1 6.92 0.34
Male 10 6.92 0.44

PM2 0.762
Female 15 6.98 0.52
Male 9 10.66 0.43

M1 0.140
Female 15 10.3 0.63

11 - central incisor; 12 - lateral incisor; C - canine; PM1 - first premolar;
PM2 - second premolar; M1 - first molar;

*p <0.05;

**p <0.01;

***p < 0.001
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The most commonly missing teeth in our study sample
were upper lateral incisors (35% of all congenitally missing
teeth), followed by lower (24%) and upper (16%) second
premolars.

DISCUSSION

The purpose of this study was to evaluate and compare
mesiodistal dimensions of teeth in patients with and
without hypodontia using 3D scans of dental casts and
the Geomagic software. Results of our study showed that
patients with hypodontia had significantly smaller mesio-
distal crown dimensions compared to controls, except for
upper canines, where no statistical significance was found.
This is in accordance with the results published by Brook
etal. [10], Gungor and Turkkahraman [11], Al Shahrani et
al. [22], Fekonja [23], and Kerekes-Mathe et al. [24]. Brook
et al. [10] have also found no statistically significant dif-
ferences for upper canines, and upper left, and lower right
first premolars in females. However, in their hypodontia
male group, all teeth were significantly smaller compared
to controls, except for lower right central incisors and up-
per right first and second premolars, which even showed
an increase. They have found the difference in size to be
greater in patients with more severe hypodontia [11].
Fekonja [23] has found teeth in the hypodontia group to
be significantly smaller compared to controls as well, and
so have Kerekes-Mathe et al. [24]. Al-Shahrani et al. [22]
have similarly reported a decrease in tooth dimension in
the hypodontia group compared to controls, with statistical
significance present in the severe hypodontia group only,
while Gungor and Turkkahraman [11] reported statistical
significance for both the mild and the severe hypodontia
group, the latter showing greater differences.

According to the results of our study, upper lateral inci-
sors and lower first molars showed the greatest differences in
mesiodistal dimensions between the hypodontia group and
the controls. The fact that upper lateral incisors showed that
the greatest difference is in line with the theory of morpho-
genetic fields (incisor, canine, premolar, molar), according
to which “key teeth” (maxillary central incisor, mandibular
lateral incisor, canine, first premolar, first molar) display the
highest heritability, whereas those positioned more distally
within the field show lower heritability, and therefore are
more prone to morphological variability [25]. Several stud-
ies, including a recent one of the Croatian population, by
Vidakovi¢ et al. [26], have confirmed this theory, while other
authors failed to find proof for these trends [27]. The reasons
stated in the research of authors who failed to find proof
for the morphogenetic fields theory might explain the fact
that in our research lower first molars, which are considered
“key” teeth, showed greater variability and were significantly
smaller in the hypodontia group compared to the control
group. Gungor and Turkkahraman [11] found upper first
premolars (mild hypodontia group) and upper lateral in-
cisors (severe hypodontia group) to be the teeth with the
greatest differences in mesiodistal dimensions. According
to the results published by Brook et al [10], upper lateral
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incisors were again the teeth with the smallest mesiodistal
dimensions, followed by lower central incisors. These au-
thors have also found upper first molars and lower canines
to be markedly smaller in the female hypodontia group of
their sample. On the other hand, Kerekes-Mathe et al. [24]
reported that in female subjects, upper first premolars had
the smallest dimensions, followed by upper canines, upper
central incisors, lower central incisors, and lower second
premolars. In male subjects of the same study, teeth with
the smallest dimensions were upper central incisors, upper
lateral incisors, upper canines, lower second premolars and
lower central incisors, respectively. According to a recent
study by Khalaf et al. [2], upper lateral incisors were, again,
the most affected in terms of tooth size reduction, whereas
the least affected were lower first molars, which is opposite
to our findings.

Comparing tooth sizes between sexes in our sample
has revealed that lower canines had significantly greater
mesiodistal dimensions in males than in females in both
groups. However, in the hypodontia group upper second
premolars were significantly larger in females. This might
not have been the case if larger samples had been available,
since second premolars are often congenitally missing, and
only five second premolars were available in the male hy-
podontia group, and eight in the female hypodontia group
of our sample. Insignificantly larger mesiodistal dimen-
sion in females compared to males were found for up-
per first premolars and central incisors, and lower second
premolars and first molars in the hypodontia group, and
for upper first molars and lower second premolars in the
control group. Gungor and Turkkahraman [11] also found
insignificantly larger upper central incisors in the female
hypodontia group, while Fekonja [23] found insignificantly
larger upper left first premolars and upper right first mo-
lars in the female hypodontia group. Kerekes-Mathe et al.
[24] reported significantly smaller tooth crown dimensions
in females compared to males of the hypodontia group.

The most commonly missing teeth in our study sample
were upper lateral incisors, followed by lower and upper
second premolars. These results are in line with those pub-
lished in the meta-analyses by Khalaf et al. [2] and Polder
et al. [7], which reported the most commonly congeni-
tally missing teeth were lower second premolars, upper
lateral incisors, and upper second premolars. Same results
were published by Janogevi¢ et al. [3], where lower second
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premolars and upper lateral incisors were the most com-
monly missing teeth in the Serbian population sample.

Even though we did not evaluate the reliability or ac-
curacy of digital versus plaster study model measurements,
we thought we should mention that most studies published
so far have found excellent reproducibility, reliability, and
accuracy of measurements made on scanned digital mod-
els and the differences between measurements made on
digital and plaster models were clinically acceptable and
reproducible [28, 29]. The software used in our research,
Geomagic, was also used by Zhou et al. [30], who found
the mean difference between the plaster and virtual model
measurements were approximately 0.05 mm. That is both
clinically and statistically insignificant and speaks in fa-
vor of the reliability of the measurements obtained in our
study. High intra-operator reliability levels and no signifi-
cant differences between measurements in our study also
confirm the reliability of Geomagic software for obtaining
mesiodistal tooth dimensions.

CONCLUSION

Hypodontia group presented with smaller mesiodistal
dimensions compared to healthy controls. The greatest
difference in mesiodistal dimensions was found in upper
lateral incisors and lower first molars. Lower canines were
significantly larger in males compared to females in both
groups.
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CAMETAK

YBopa/Linm XvnogoHumja je yecta CTOMaToNoLLKa aHoManmja Koja
Ce jaB/ba OABOjEHO WA Y OKBUPY PasnnunTUX cuHapoma. Cmatpa
ce MynTUdaKTOPUjanHIM 060JbEHEM Ha KOje YTUUY reHeTrKa,
ennreHeTKa 1 Cnosballitba CPeuHa, Ynja MHTepaKLUmja AOBOAN
[0 Pa3nMuUTMX HENPABWUTHOCTY y BENUUMHM 1 6pojy 3y6a.
Linmb oBe cTyauje 6uo je fa ce ogpeae mesnoguctanHe AMMeH-
3uje 3yba nauyjeHaTa ca XMNoAoHLMjoOM 1 fa ce yrnopefe ca
npomeprma 3y6a 34paBux nawmjeHaTa nomohy AnrutTanHmux
CTYAWjCKNX MOoAena.

MeTtoge lNepecet nauujeHata (30 ocoba xeHckor nona, 20 oco-
6a MyLUKOT Nnosia) Nofe/beHo Y fiBe rpyne — 25 ca XMNOJOHLMjoM
(15 ocoba »keHckor nosa, 10 ocoba MyLIKOr nona) 1 25 NosiHO
ycknaheHux 3gpasux ocoba (15 ocoba »xeHckor nona, 10 oco-
6a MyLLKOT nosna) — YK/byYeHo je y ncTpaxvBare. Ha ocHoBy
ANMMHATHUX OTUCaKa U3MIMBEHN CY TMMCaHN MOAENN, KOju CY
OUTMTanN30BaHM U YHETU Y payyHapHCKM MPOrpam y Kome cy
ofpeheHn me3nogucTanHm npomepm 3yba.
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PesynrtaTtm MiHTpaonepaTopcka Noy3aaHoCT je 6una BUCOKa.
CBu 3y6y mayujeHaTa ca XMnofoHLMjoM Cy Manu Matkbe Me-
3voAmncTanHe npomepe y nopehemy ca KOHTPOSTHOM FPyMoMm.
CTaTnCTMYKa 3HAYajHOCT je youeHa 3a CBe 3y6e, OCKM 3a roptbe
oyrbake. CTaTCTNYKM 3HaYajHe pasnuke n3mehy nonosa HUCY
yOUeHe HU y OKBUPY rpyrne ca XMMoJOHLMjOM HN Yy OKBUPY
KOHTPOJIHE rpymne, OCUM 3a iokbe OUtbaKe, Koju Cy 6unm 3Ha-
UajHO MatbM Kog, 0coba KeHcKor nonay obe rpyne. Hajuewhe
Cy HefjoCTajanu natepanHu cekyTuhn, 3aTum oK, Ma roptbn
npemosnapu.

3aksbyuak [NauujeHTn ca XMNoJoHLUMjOM CY MManu Matbe Me-
3roancTaNHe npomepe 3y6a y OAHOCY Ha KOHTPOJHY rpyny.
Hajseha pa3snuka je youeHa Ko roprux laTepanHux cekytunha
1 [OtbYIX NPBUX Monapa. [lokby oukbaLm cy 6unm 3HauyajHo Behn
Kog ocoba myLIKor nona y obe rpyne.

KrbyuHe peun: xunogoHuuja; areHesa 3y6a; mesnoguctanHe
AVMeH3uje; BenmunHa 3yba
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SUMMARY

Introduction/Objective Comparing two materials under the same conditions is the best way to define
differences between them. Ceramic-reinforced polyether-etherketone (PEEK) is a polymer that has many
possible uses in dentistry as already well-known lithium disilicate ceramics.

The aim of this study was to compare peri-implant soft tissue healing and evaluate patient satisfaction with
esthetics in different observation periods, as well as the success and survival rate of both types of crowns.
Methods The study was conducted as a clinical, prospective, randomized split-mouth study on 17 patients
with bilaterally missing upper teeth of the same type, replaced with dental implants. Study outcomes have
been analyzed with subjective (visual analogue scale - VAS scale) and objective parameters (modified
bleeding index — MBI, modified plaque index — MPI and peri-implant probing depth - PPD) baseline, six
and twelve months after fixing crowns onto the implants.

Results Comparison of the results between PEEK and lithium disilicate crowns showed no statistical
differences in terms of MPI, MBI, and PPD in the observed periods. Analyzing MPI during observation
periods in the PEEK group of crowns, statistical significance was registered between baseline values and
after six months. Also, statistical significance was noticed in terms of PPD during the observation time
both in the study and control group of crowns. Results for VAS for the esthetics showed no statistically
significant difference between the groups, while VAS for restoration satisfaction showed a statistically
significant difference.

Conclusion This study showed that scores of the applied subjective and objective parameters can be a

reliable tool to rate the clinical outcome of implant-retained single crowns over time.
Keywords: lithium disilicate; PEEK; single crowns; implants

INTRODUCTION

Nowadays, all-ceramic materials are frequent-
ly used for implant-retained single crowns to
improve the esthetic result. As the esthetic de-
mands in implant treatment have increased, the
abutments started to be fabricated of ceramic
materials, which are designed as one compo-
nent and Titanium base (Ti-base) abutments.
The most often used materials for this purpose
are zirconia and lithium disilicate ceramic [1].
These materials are also used for implant-re-
tained fixed restorations. Apart from ceramic
materials, there are some new polymer materials
on the market that are used for prosthetic res-
torations in conventional and implant prosth-
odontics. Lithium disilicate is a well-known ma-
terial, which can be used for single crowns and
all-ceramic fixed partial dentures framework
veneered with ceramic [2, 3]. Crystals of lithium
disilicate of 0.5-0.6 um diameter are added to
the glass matrix, depending on the technologi-
cal method of fabrication. Lithium disilicate ce-
ramic can be fabricated with a “press” technique
in the laboratory, or CAD-CAM technique by
the milling process, for chairside and laboratory

settings. Both materials can be fabricated in full
contour, stained and glazed in the cut back-
body form layered with ceramics [4].

Also, there are some polymer materials on
the market used for prosthetic restorations in
conventional and implant prosthetics, and one
of these materials is ceramic-reinforced poly-
ether-etherketone (PEEK) with 30% of ceramic
particles [5]. This material has constant homo-
geneity due to reinforced ceramic particles of
0.3 to 0.5 pm diameters [6, 7]. As crystalline
thermoplastic resin is reinforced with ceramic
particles, it withstands extreme forces [5, 6, 7].
It is biologically stable, so there are no reactions
with other materials and ion exchanges. Also,
there is no galvanic cell in the oral cavity and it
does not cause pigmentation [5, 6, 7]. This ma-
terial shows good biological properties in terms
of biocompatibility; moreover, its elasticity is
similar to human biomechanics [5, 6, 7]. As a
base for prosthetic restoration, it satisfies the
high esthetic criteria of contemporary implant
dentistry. Due to its white color, it is an ideal
base for veneering with conventional composite
materials. It can be highly polished, so it does
not cause abrasion of antagonist teeth [5, 6, 7].
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The aim of this study was to compare lithium disilicate
and PEEK implant-retained single crowns, in terms of
peri-implant soft tissue healing, esthetics and restoration
satisfaction, as well as the success rate.

METHODS

The study was conducted as a clinical, prospective, ran-
domized split-mouth study of implant retained lithium-
disilicate and PEEK screw-retained crowns, and consist-
ed on two groups - study and control group. Both of the
groups consisted of the same 17 patients (70% females and
30% males, aged 24 to 62 years, mean age 44.33 + 15.4)
with bilaterally extracted teeth in the same region of
the upper jaw. The study was conducted at the Clinic of
Oral Surgery and Clinic for Prosthodontics, the School
of Dental Medicine, University of Belgrade; it was ap-
proved by the Ethical Committee of the School of Dental
Medicine, University of Belgrade.

The patients were recruited consecutively from the
mentioned clinics. The inclusion criteria were: patients
with already osseointegrated implants in the same region
of the left and right upper dental arches, older than 18
years old, with maintained natural antagonists and verti-
cal dimension of occlusion, and canine guided or group
function occlusion. Exclusion criteria were the existence of
bruxism and temporomandibular disorders, missing of the
opposing teeth, and unmotivated patients for maintenance
adequate oral care. The patients were fully informed about
the protocol of the study, and all gave their written consent.

All the patients received Blue Sky implants (Bredent®,
Senden, Germany), 4 mm diameter, and 10 mm length,
on both sides. Implants were placed after planning with a
cone-beam computed tomography (CBCT) scan, in a one-
stage surgical procedure. Crowns were made of two differ-
ent materials, put on osseointegrated implants with delayed
loading protocol. Considering the split - mouth
study design, each group of crowns was ran-
domly assigned to either left or right halves
of the upper jaw. The study group of crowns,
PEEK based crowns (BioHpp®), were made
on Sky Elegance abutment®, which consisted
of a titan base coated with ceramic, reinforced
with PEEK polymer. These crowns have been
directly pressed on Sky Elegance abutment®, us-
ing For2press® system, made in a cut-back body
form, and furtherly prepared for veneering with CreaLign®
veneering material. The control group consisted of litthium
disilicate crowns (IPS e.max) made on Sky Uni. fit* abut-
ment, which consisted of a titan base and “burn out” cap as
the modeling base. Core for the control group crowns was
first modeled in wax on the Sky Uni. fit* abutment, shaped
in a cut-back body form. After pressing in ,,Emax press
system” (IPS e.max Press®), veneering was performed with
Emax® veneering ceramics. After Emax crowns finishing,
DTK® bonding material was used for connection with Sky
Elegance® abutment (Figure 1). Both groups of crowns were
fabricated on Ti-base, screw-retained abutment.

‘ DOI: https://doi.org/10.2298/SARH211110003J
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Figure 1. BioHpp® and Emax® crowns

Figure 4. a) Closed tray technique impression; b) analogue reposition

After implant placement, healing abutments were
placed on the implants in order to create a profile and to
protect the implants (Figure 2). Full arch impression on
implant level was obtained using the closed tray method
with esthetic transfer (Esthetic transfer closed tray) -
Figure 3. Impressions were taken with a silicone material
(Elite HD+ Putty Soft Normal Set, Zhermack®, Italy), by
use of a standard tray, in a single-step technique (Figure
4). Impressions of the opposite jaw were made with al-
ginate (Hydrogum 5, Zhermack®, Italy) in standard steel
trays. Finally, inter-occlusal registration in centric relation
was made in Silicon A material. After defining vertical

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):23-28



Implant-retained single crowns

Figure 5. a) BioHpp®crown; b) IPS e.max® crown

dimension, models were transferred into an articulator
(Artex CR, Amman® Girrbach, Austria) with a face bow.

The crowns were put in the mouth for analysis of oc-
clusal relation in maximum inter-cuspation and eccentric
movements, evaluating contour and aesthetic parameters.
After finishing laboratory procedures and glazing (Figure
4), crowns were placed onto the implant and tightened
with the manual screw-driver. A resilient material, such
as teflon tape was placed in the screw access channel and
closed with a temporary filling. Within a week, the previ-
ous temporary filling was removed and the abutment screw
was re-tightened to the recommended torque of 25 Ncm
[8]. Teflon was placed again into the screw access channel
and filled with a composite resin (Figure 5).

Study outcomes were analyzed with subjective and
objective parameters six and twelve months after placing
crowns onto the implants. Subjective parameters, such
as esthetics and patient satisfaction with the restoration,
were evaluated with standardized questionnaires on vi-
sual-analogue scales (VAS) [9]. This scale was presented
as a line length of 10 cm, followed by verbal descriptions,
where the beginning of the scale was defined with “totally
unsatisfied,” and the end as “totally satisfied” [9]. Patients
were asked to vertically mark their opinion concerning the
comfort, general chewing possibility, and aesthetics, and
results were notified and measured from the null point to
the marked line. Objective parameters in crown comparing
were based on characteristics of soft tissues around dental
restorations with a periodontal probe, done in observa-
tion periods at baseline, after six and 12 months. These
clinical findings were recorded according to the following

Table 1. The values of MBI during the time between groups of crowns

criteria [10]: 1) Modified Bleeding Index -
MBI (0 - no bleeding on probing; 1 — isolated
bleeding spots present; 2 — blood forms a red
line on the gingival margin; and 3 - heavy
profuse bleeding); 2) Modified Plaque Index
(MPI) (0 - no detection of plaque; 1 — plaque
only recognized by running a probe across
the smooth marginal surface of the implant;
2 - plaque can be seen by the naked eye; 3
- the abundance of soft matter); and 3) peri-
implant probing depth (PPD) measured by probing with a
periodontal probe with millimeter graduation (Hu Friedy®
periodontal probe) on all four sides of the osseointegrated
implant, with the controlled force of 0.25N to resistance
appearance.

Statistical analysis

All collected data were organized and evaluated using the
dedicated software (SPSS Statistics, Version 17.0; SPSS Inc.,
Chicago, IL, USA) and were analyzed by descriptive statis-
tical methods, by the measures of central tendency (mean
and median), measure of variability (standard deviation
and variation interval - minimum, maximum). Testing dif-
ferences of numerical data between groups was done by the
Mann-Whitney test (between two observed groups) and
numerical data in each group during time by the Wilcoxon
test (in one of the groups during observation periods). The
level of significance was set at p < 0.05.

RESULTS

Clinical examination of the MBI and MPI at baseline, af-
ter six and 12 months among the observed groups did
not show statistical significance in mean values (Tables 1
and 2). Additionally, analyzing mean values of MPI during
observation time in the study group of crowns, statistical
significance was registered at baseline (0.12 £0.33; from
0 to 1) compared to the period after six months (0.35 +
0.49; 0-1) — Table 1.

. Study group of crowns Control group of crowns
Clinical parameter - - o
X = SD; med (min-max) p X + SD; med (min-max) p
MBI at baseline 0.12+0.33;0(0-1) (1:2) 0.046 0.06 +0.24; 0 (0-1) (12) 0317 0.551
MBI after six months 0.35+0.49;0(0-1) (2:3) 0.705 0.12+£0.33;0(0-1) (2:3) 1.000 0.111
MBI after 12 months 0.29 +0.47; 0 (0-1) (1:3) 0.083 0.12+£0.33;0(0-1) (1:3)0.317 0.210
MBI - modified bleeding index; X — mean value; SD - standard deviation; med — median; a — Wilcoxon test; b - Mann-Whitney test; p - significance;
* — statistically significant
Table 2. The values of MPI during the time between groups of crowns
. Study group of crowns Control group of crowns
Clinical parameters : - p
X = SD; med (min-max) p X = SD; med (min-max) p
MPI at baseline 0.29 +0.59; 0 (0-2) (1:2) 1.000 0.18 £ 0.39; 0 (0-1) (1:2)0.157 0.551
MPI after six months 0.29 £0.47;0(0-1) (2:3) 0.739 0.06 £ 0.24;0 (0-1) (2:3)0.180 0.111
MPI after 12 months 0.24 +0.44; 0 (0-1) (1:3)0.705 0.24 +0.44; 0 (0-1) (1:3) 0.564 0.210

MPI - modified plaque index; X - mean value; SD - standard deviation; med — median; a - Wilcoxon test; b - Mann-Whitney test; p - significance;

* — statistically significant
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Table 3. The values of PPD during the time between groups of crowns

Joksimovic E. et al.

PPD Study group crowns Control group of crowns bp
X + SD; med (min-max) p X #+ SD; med (min-max) p
At baseline 1.99 £0.70; 2 (1-3.25) (1:2) 0.002 2.10+0.85;2 (1-4) (1:2) 0.006 0.865
After six months 2.28 £0.73; 2.25 (1.25-3.75) (2:3) 0.004 2.28 £0.85;2 (1-4) (2:3) 0.006 0.973
After 12 months 247 +0.73; 2.75 (1.25-3.75) (1:3) 0.001 247 +0.88; 2.25 (1-4) (1:3)0.003 0973
PPD - peri-implant probing depth; X - mean value; SD - standard deviation; med — median; a - Wilcoxon test; b - Mann-Whitney test; p - significance;
* — statistically significant
Table 4. The values of visual analogue scale for esthetics and restoration satisfaction in both groups of crowns
) Study group of crowns Control group of crowns
Visual analogue scale - - p
X + SD; med (min-max) X + SD; med (min-max)
Aesthetic outcome 9.95+0.11;10 (9.7-10) 9.84+0.30; 10 (9.1-10) 0.357
Satisfaction with the restoration 9.88 +0.18; 10 (9.5-10) 9.37 +£0.92;9.7 (7.3-10) 0.002*

X — mean value; SD - standard deviation; Med — median; a - Wilcoxon test; b — Mann-Whitney test; p - significance; * - statistically significant

In terms of mean values of the PPD, there was no statis-
tically significant difference between crown groups during
the time (Table 3). However, statistical significance was
found in intragroup comparison during the time both in
the study and control group of crowns (baseline vs. after six
montbhs, after six months vs. after 12 months, and baseline
vs. after 12 months) — Table 3.

The mean value of VAS testing for esthetic outcome
in both groups of crowns showed no statistical difference
(Table 4). The mean scores for VAS referring to satisfac-
tion with the restoration indicate a statistically significant
difference between groups, where study group restorations
were valued by patients with the higher score (Table 4).

During the implant observation period, no implant was
lost, resulting in an implant survival rate of 100%. The
restoration cumulative survival rate in both groups was
100%. The fracture of the veneer material occurred in one
single crown in the study group, while in the control group,
two fractures were registered. The cumulative success rate
was 94.12% for the study group of crowns and 88.23% for
the control group of crowns.

DISCUSSION

In the conducted study, the split-mouth design was used
for randomization, which is previously described as a very
popular design in oral health research [11]. The advan-
tage and the attractiveness of this study design compared
to the whole-mouth design is that all variabilities within
the subjects are removed [11]. On the other hand, some
authors indicated disadvantages of this study design, refer-
ring to the problem of the patient recruitment due to the
need for symmetrical patterns of randomization, and the
“carry-cross effect,” in which the main problem is that it
compromises the possible confusion concerning treatment
effect from one side to the other [12, 13, 14].

This study shows that patients were more satisfied
with crowns made of PEEK material, which is very im-
portant parameter in the oral rehabilitation process and it
should be used for the evaluation of the specific therapy
[15]. Previous studies did not analyze patient’s satisfaction

‘ DOI: https://doi.org/10.2298/SARH211110003J

with these types of crowns, but many of them refer to the
efficiency of the implant therapy based on patient satisfac-
tion, wherein most of the cases patients claimed that they
were satisfied [16-20]. Chang et al. [21] established that
patients have marked implant-retained crowns as “very
satisfying” concerning esthetics, while clinicians were "less
satisfied” with the same crowns. The findings in a three-
year follow-up study showed no significant difference for
VAS analysis of patient satisfaction about function and es-
thetic appearance, between the two groups - single implant
screw-retained monolithic lithium disilicate and veneered
zirconia crowns [22].

Our study has shown no statistically significant differ-
ences among the soft tissue parameters (MBI, MPI and
PPD) between the observed groups of crowns, which is in
correlation with the previous three-year follow-up study
for the anterior implant screw-retained IPS e.max crowns,
where similar results were demonstrated [23]. In the men-
tioned study, the mean values of MPI and MBI at baseline,
after six months, one year and three years showed no sta-
tistically significant differences [23]. In addition, another
study which compared clinical performances of screw-
retained, monolithic, zirconia, and cemented porcelain-
fused-to-metal implant crowns, showed no statistically
significant difference between the study and the control
groups in terms of the soft tissue parameters such as bleed-
ing on probing and plaque index at the third, sixth, ninth,
and 12th month after prosthetic loading [24].

Nevertheless, in our research, statistically significant
difference was registered in terms of the mean values of
MPI between baseline and after 6 months in the study
group of crowns. Also, statistically significant intragroup
differences were noticed in terms of PPD during the time,
both in the study and control group of crowns, which is in
correlation with the results of previous studies [23, 24, 25].

Suggested clinical parameters are commonly used as
an evaluation method in the clinical trials for implant-
retained restorations [26]. The peri-implant soft tissue is
very important, and always must be evaluated, not only
for the esthetics but also for the long-term stability of the
implant-retained restorations. Our results of soft tissue
parameters between the observed groups indicate that
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the new system, that has been recently launched into the
market (BioHpp®) can clinically perform as well as lithium
disilicate material used in the For2press system (IPS e.max
Press®), which has been marketed for many years.

The soft tissue around the implants has a similar role as
soft tissue around natural teeth. Besides, dense soft tissue
forms a protective barrier for crestal bone, as it creates
contact with the abutment surface [27]. Previous studies
have shown that there are some differences in anatomical
characteristics of the soft tissue surrounding the implant
and natural dentition; natural teeth are connected with
perpendicular Sharpey’s fibers, while the weaker connec-
tion is formed with parallel and circumferential fibers
around the abutment surface [26, 28, 29].
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CONCLUSION

The findings of this study showed that scores can be a reli-
able tool to rate the clinical outcome of implant-retained
single crowns over time. MBI, MPI, PPD, and VAS scores
can also be useful to monitor any possible early failure
and to standardize follow-up recalls. Furthermore, the
two materials tested in this randomized controlled trial
showed comparable clinical performances, with a high
success rate after one year of service. Nevertheless, future
studies should be conducted to show clinical advantages
or disadvantages referring to this new material for the solo
crown in prosthodontics.
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Nntnjym-gucunukatHe n NEEK nmnnaHTaTtHO HoweHe wpadpom peTUHMpaHe CoNo
KpyHULe — paHA0MU30BaHa, NPOCNEKTUBHA KAMHUYKA CTyaMja

EHa JokcumoBuh', Muogpar LWhenaHosuh', laHnjena Cranetosuh?, Mupjana Mejuh-Lycnapa’, bopusoj bujenuh’,

Bnapan Hophesnh?

'YHusep3uteT y Beorpapy, Cromatonowku dakyntet, beorpag, Cpbuja;

YHusepauTet y Mpuwtuny - Kocoscka Mutposuua, MegnumHckn dakynter, Kocoscka Mutposuua, Cpbuja;
3YHuBep3uTeT y TpaBHuKy, DapmaLieyTcko-3apaBcTBeHN dakynTeT, TpaBHIK, bocHa 1 XepuieroBrHa

CAXETAK

YBog/Lum Mopebhetbe ABa MaTepujana nog UCTM yCoBrMa
Haj6osby je HaumH 3a fedpuHncame pasnvka namehy mwux. MEEK
je nonumep Koju nMa MHOro NOoTeHLMjanHUX ynotpe6a y cToma-
TONOrju, NCTO Kao 1 Beh o6po no3HaTa NnTujyM-gUCnmnKaTHa
Kepamuka.

Linrb oBor nctpaxmeara 6vo je fa ce, n3mehy fBa TMna Kpy-
HMLa, yropeawn 3apacTatkbe NepUMMIaHTaTHOT MeKOT TKMBa
Y pasnnMuuTM nepuoarMa nocmaTpama, NpoLeHe ecteTcka
CBOjCTBa 1 3a;0BOJLCTBO MaLmjeHaTa 3ybHMM HafOKHaaama,
Kao U1 ycrex v CTona npexmuBsbaBatba.

Mertope Cryavja je cnpoBefeHa Kao KMHNYKa, MPOCNeKTUBHA,
pPaHAOMKM30BaHa CTyAMja NOAe/beHNX ycTa Ha 17 maumjeHaTa
ca bunatepanHo HepgocTajyhium roprbum 3ybuma ncte BpcTe 1
yrpabeHvum nmnnaHTatima y Tom npegeny. lMpoueHa je n3sp-
LIEHa Cy6jeKTBHMM (BM3yesIHa aHaNIorHa cKara) 1 06jeKT1BHUM
napameTpumMa (MoandUKOBaHU NHAEKC KpBapeHa, MOANDUKO-
BaHW NaK UHAEKC 1 Ay6uHa COHAMpar-a).

Pe3yntatu lNopehene pesyntata usmebhy MNEEK n nutnjym-
OVNCUAMKATHMX KPYHULIA MOKa3aso je fa Hema CTaTUCTUYKK

DOI: https://doi.org/10.2298/SARH211110003J

3HauajHUX pa3ninKka y norneay MoaMGUKOBaHOT NaK NHAEKCa,
MoANPMKOBAHOT MHAEKCA KpBapetba U ybuHe coHampama y
nocmaTpaHum nepuopmma. AHanusupajyhu mogndukoBaHu
nnaK MHAEKC TOKOM Nepropa NocMaTparba y CTyANjCKoj rpynm
KPYHULIA, pPerncTpoBaHa je CTaThCTMYKa 3HauYajHoCT n3mehy
noyeTHe BPeLHOCTM 1 BPEAHOCTY HAaKoH LuecT meceL. Takohe,
YOUY€Ha je CTaTUCTMYKa 3HauYajHOCT y nornegy fybrHa coHau-
parba TOKOM BPEMEHA, KaKO Y CTY[NjCKOj TaKO U Yy KOHTPOJIHOj
rpynu KpyHuua. PesyntaTi Bu3yenHe aHanorHe ckase 3a ecte-
TVKY HUCY NOKa3anu CTaTUCTUYKY 3HauajHy pa3nuky nsmehy
rpyna, AOK je BM3yesiHa aHaorHa ckana 3a 3afl0BO/bCTBO 3y6-
HVIM HaflOKHafjama MokKasasa CTaTUCTUYKI 3HaYajHy pasnnKy.
3akmpyuak OBa cTyauja je nokasana fia NpYMerEeHN Cybjek-
TVBHU U O6jEKTVBHY MapamMeTpu Mory 61Ty noy3faH anar 3a
oLerbmnBambe KINHNYKOT MCXOAA MojeAnHaYHMX KPYHMLA Ha
VMMIaHTaTMMa TOKOM BPeMeHa.

Kmyune peun: nutnjym-aucnnukart; MNEEK; cono KpyHuue; nm-
MniaHTaTh
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SUMMARY

Introduction/Objective In Serbia, the coronavirus disease 2019 (COVID-19) pandemic began in early
March 2020.

The aim of this study is to summarize clinical experience in the treatment of COVID-19-associated acute
kidney injury by methods of continuous renal replacement therapy (CRRT) with the focus on the amount
of the administered dose of unfractionated heparin.

Methods The study covers 12 patients treated with CRRT at the Clinic for Infectious Diseases at the
Clinical Center of Vojvodina from March 6 to May 20, 2020. Antithrombotic prophylaxis, risk of venous
thromboembolism (VTE), applied therapy, biochemical parameters before and after CRRT, anticoagula-
tion and other CRRT parameters were analyzed.

Results The mean age of the patients was 61.54 + 10.37 years and seven (58.3%) were men. All the
patients received standard thromboprophylaxis. Nine (75%) patients had Padua Prediction Score for
Risk of VTE > 4, but none developed a thrombotic event. Seven critically ill patients with multi-organic
dysfunction developed acute kidney injury dependent on CRRT. The mean CRRT dose was 36.6 ml/kg/h,
the mean bolus dose of unfractionated heparin was 3250 + 1138.18 IU, and the continuous dose was
1112.5 + 334.48 |U/kg/h. Discontinuation of CRRT due to the clotting circuit was necessary in only one
patient. The values of leukocytes, AST, ALT, GGT, aPTT, PT were significantly higher after CRRT compared
to urea, creatinine, potassium, chlorine and magnesium, whose values were significantly lower.
Conclusion In our COVID-19 patients who had high inflammatory parameters and D-dimer and an
estimated risk of developing deep vein thrombosis, the implementation pre-dilution continuous veno-
venous hemodiafiltration with antithrombotic membrane and '/; to '/, higher unfractionated heparin
doses than the recommended one, the filter life lasted longer with no complications.

Keywords: COVID 19; continuous renal replacement therapy; acute kidney injury; thrombotic events

INTRODUCTION

Acute kidney injury (AKI) is frequently pres-
ent in the critically ill patients, especially in
patients with severe infections and it is related
to significant morbidity and mortality rates [1].

A meta-analysis that included 20 journals
and 6945 patients showed an 8.9% prevalence
of AKI in patients with COVID-19, although
statistical heterogeneity between studies was
found [2]. According to previous studies, renal
replacement therapy (RRT) is required by 25%
of severely ill COVID-19 patients [3].

Several studies have shown that the course
of COVID-19 can lead to diverse thrombotic
complications caused by inflammation, hy-
poxia, disseminated intravascular coagulation
as well as certain study drugs [4]. These drugs
can be the cause of severe interactions with
antithrombotic therapy or anticoagulants [5].

The most common hemostatic abnormali-
ties in COVID-19 are mild thrombocytopenia
and an elevated level of D-dimer, which is re-

lated to a higher possibility of the need for me-
chanical ventilation (MV), ICU admittance or
lethal outcome [6]. It is believed that the sever-
ity of the disease is linked to a prolonged pro-
thrombin time (PT) and international normal-
ized ratio (INR), thrombin time (TT) and the
shortened of activated partial thromboplastin
time (aPTT) [4]. The latter consideration refers
to the relation of hemostatic changes with the
liver dysfunction in COVID-19 patients [7].
An elevated level of D-dimer is likely to cause
thrombotic complications in COVID-19 pa-
tients [8].

Recent studies have reported the presence
of venous thromboembolism (VTE) that are in
fact pulmonary embolism found in 16.7-35%
patients with cumulative frequency up to 49%
in 14 days [9, 10].

Although RRT treatment can be related to a
higher bleeding rate, a great prevalence of VTE
supports the use of thromboprophylaxis in the
absence of active bleeding or a severe throm-
bocytopenia [11].
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In the cases of AKI, continuous renal replacement
therapy (CRRT) is a preferred treatment modality due to
its lesser impact on hemodynamic stability and adequate
volume control. However, the exposure of blood to the arti-
ficial circuit leads to blood clotting and it can cause throm-
bosis with a greater loss of blood, which results in the ad-
ditional burdening of medical staff and increased expenses
[12]. In order to diminish the risk of circuit thrombosis,
regional anti-coagulation with citrate or heparin (unfrac-
tionated heparin (UFH) or low molecular weight heparin)
or systemic anticoagulation (UFH, low molecular weight
heparin, or prostacyclin) are used [13]. In case of frequent
circuit clotting, national guidelines published in England
suggest the following: vascular approach optimization,
considering alternative/combined anticoagulant strate-
gies including combined citrate and heparin (systemic or
through circuit), heparin and epoprostenol or argatroban
if other prothrombotic disorders are excluded [14].

The aim of this study is to summarize clinical experi-
ence in the treatment of COVID-19-associated AKI by
modality of CRRT with the focus on the amount of the
administered dose of UFH.

METHODS

The study included 276 patients with COVID-19 pneumo-
nia who were treated at the Clinic for Infectious Diseases,
Clinical Center of Vojvodina from March, 6 to May, 20
2020. Of those, 12 adult patients were treated with CRRT
due to COVID-19-associated AKI. Seven of them (58.3%)
developed AKI within multiorgan failure and were treated
in ICU, while five (41.7%) were treated in the semi-inten-
sive care unit.

The study has been approved by the competent ethics
committee of the Clinical Center of Vojvodina.

We analyzed: demographic data; comorbidities; labo-
ratory and clinical parameters 24 hours before and after
CRRT; simplified acute physiology score (SAPS II) and
modified early warning score (MEWS); presence of acute
respiratory distress (ARDS) and secondary infections; the
need for multiple organ support, invasive MV, non-invasive
ventilation, high-flow nasal cannula; Padua Prediction
Score for Risk of VTE, dose of thromboprophylaxis; onset
of CRRT since admission, anuria before CRRT, CRRT mo-
dalities, type of adsorptive membrane, dose of CRRT (ml/
kg/h), achieved ultrafiltration during CRRT (ml), bolus
dose (IU) and continuous dose (IU/kg/h) of UFH during
CRRT; number of procedures of CRRT; therapy received
by patients, length of hospitalization and mortality.

The SAPS II score consists of 12 physiological variables
and three disease-related variables collected in the first 24
hours of admission to the ICU. The SAPS II score may vary
between 0 and 163 points (0-116 points for physiological
variables, 0-17 points for age and 0-30 points for previous
diagnosis). The MEWS score is based on four standard
physiological variables and on the AVPU consciousness
assessment (warning, voice response, pain response, no
response). The primary purpose of the MEWS is to pre-
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Table 1. Patients’ demographic and clinical characteristics

Variables n (%)
Male 7 (58.3)
Sex

Female 5(41.7)
Mean age in years + SD 61.54+10.37
Comorbidities
Hypertension 9(30)
Diabetes mellitus 3(10)
Myocardial infarction 2(6.6)
Chronic pulmonary disease 1(3.3)
Autoimmune diseases 2(6.6)
Malignancy 2 (6.6)
Chronic kidney disease 5(16.6)
Other 6 (20)
With acute respiratory distress 7 (58.3)
With secondary bacterial infection 7 (58.3)
Multiple organ support
NIV 1(8.3)
HFNC/NIV 1(8.3)
MV and vasopressor support with norepinephrine 7 (35.8)
Supplemental oxygen 2(16.7)
Extracorporeal membrane oxygenation 1(8.3)
SAPS II/MEWS score 24 hours before CRRT
SAPS I 7(58.3)
SAPS Il score (Mean + SD) 39+5.92
MEWS score
1 3(60)
3 2 (40)
Anuric patients 24h before CRRT 5(41.7)
Start of CRRT from admission (days) (Mean+SD) | 9.17+7.16
Padua Prediction Score for Risk of VTE
<4 3(25)
>4 9(75)
Therapy
Antibiotics 9(20.9)
Hemomycin 12(27.9)
Chloroquine 3(6.9)
Antivirals 2(4.6)
Corticosteroids 12(27.9)
Intravenous immunoglobulins 2(4.6)
Antifungal 3(6.9)
Dose of Thrombophylaxis (1U)
dalteparin-sodium 2500 IU/12h 11(91.6)
dalteparin-sodium from 2500 IU to 10000 1U/12h 1(8.3)
Nonsurvivors 9(75)
Length of hospital stay (Mean * SD) 14.92 £10.90

CRRT - continuous renal replacement therapy; HFNC - high-flow nasal
cannula; SAPS Il - simplified acute physiology score; MEWS — modified early
warning score; MV - invasive mechanical ventilation; NIV - noninvasive
ventilation; VTE - venous thromboembolism

vent delays in the intervention or transfer of the critically
patients. A score > 5 is statistically associated with an in-
creased probability of lethal outcome or admission to the
ICU.

The criteria for initiating CRRT according to Kidney
Disease Improving Global Outcomes were the stages 2 or
3 AKIL

CRRT was performed on two devices each having its
own filter: Multifilter (high-flux filter Kit8 CVVHDF 1000,
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Table 2. Comparison of laboratory values between patients before and after CRRT

39 + 5.92 in 58.3% severely ill patients, while

Variables Before CRRT (IQR) After CRRT (IQR) p tive of them (41.7%) were anuric. The average
Leukocytes (10°mm?3/l) 12.9 (6.9-21.1) 18.3 (6.7-34.2) 0.041% time for the start of CRRT from admission to
Lymphocytes (%) 7.5 (6.4-11.8) 6.3 (2.5-11.4) 0.158 the hospital was 9.17 + 7.16 days. Nine patients
Hemoglobin (g/L) 84.5 (75.5-95.8) 88.0 (72.5-107) 0.475 had Padua Prediction Score for Risk of VTE > 4.
Platelets (10°mm?/l) 191.0 (114.7-267) | 170.5(84.7-207.2) | 0.065 Median hospitalization time was 14.92 + 10.90
CRP (mg/l) 178.9(40.1-289.3) | 176.2(32.8-344.8) | 0.859 days, mortality was 75%. The doses of throm-
PCT (ng/l) 2.1(1.2-9.3) 1.45 (0.59-4.14) 0.346 boprophylaxis and the type of therapy used are
Urea (mmol) 26.5(21.1-36.3) 16.9 (9.3-23.3) 0.005* also shown Table 1.

Creatinine (umol) 486.0 (257.2-804) | 308.0 (156.2-604.7) | 0.002* Table 2 shows the comparison in laboratory
Potassium (mmol) 4.9 (41-5.3) 4.3 (3.9-4.8) 0.049* |  parameters before and after CRRT. Leucocyte
Sodium (mmol/l) 144.0 (138.5-147) | 139.0(137.2-141.7) | 0.065 count, hepatogram (AST, ALT, GGT), aPTT, and
Chlorine (mmol 106.0 (105-108.7) 102.5 (101-104) 0.008* PT increased significanﬂy after CRRT, in con-
Magnesium (mmol) 1.01 (0.79-1.07) 0.84 (0.76-0.97) 0.021* trast to the levels of urea, creatinine, potassium,
AST (U/L) 40.0 (35-104.5) 68.0(43.7-110.2) | 0.003* chloride and magnesium, which decreased, as
ALT (U/L) 42.0(28.7-67) 74.0 (44.2-92.2) 0.002* expected.

GGT (U/L) 94,5 (43.2-115.7) 109.5 (73.7-141.2) 0.002* The total of 20 CRRT procedures and six
APTT (R) 133(1.12-1.70) 2.96 (1.69-73.9) 0.005% CRRT + extracorporeal membrane oxygenation
PT (R) 1.15(1.08-1.24) 1.43(1.15-1.90) 0.011* (ECMO) were done, and the average number
Fibrinogen (g/L) 4.2 (2.40-5.27) 3.5(2.37-5.25) 0.326 of procedures was 2.16 per patient. The most
D-dimer (mg/L) 1680 (869.5-4373.2) | 2278.5 (1075-5460.7) | 0.182

CRRT - continuous renal replacement therapy; IQR - interquartile range; aPTT -

activated partial thromboplastin time; PT — prothrombin time; R - ratio; ALT - alanine
aminotransferase; AST — aspartate aminotransferase, GGT - gamma-glutamyl transferase;
CRP - C-reactive protein; PCT - procalcitonin; aPTT - activated partial thromboplastin time;
PT - prothrombin time; *p < 0.05 (Wilcoxon test based on negative and positive ranks)

Bad Homburg, Germany) and Prismaflex (high-flux filter
ST150 Gambro, Deerfield, IL, USA). EMiC2 Hemofilter
(Fresenius Medical Care, Bad Homburg, Germany, 1.8 m?
surface area) and oXiris (Gambro, AN-69 based mem-
brane, surface treated by polyethyleneimine and grafted
with heparin) were administered in septic patients.

Statistical analysis

Descriptive and inferential statistical methods were used
for the data analysis. Numerical characteristics are present-
ed by the arithmetic mean, the median with interquartile
range (IQR 25-75%) and the standard deviation, while the
attributive characteristics are expressed by frequency and
percentage. Given the sample size, i.e., the small number
of frequencies to compare differences between the groups,
the Wilcoxon test for paired samples was used, an alter-
native to the Student’s t-test for two dependent samples.
There was a statistical significance if p < 0.05, and a high
statistical significance if p < 0.001. The IBM SPSS Statisti-
cal Package for Social Sciences 21 software package was
used for statistical data processing.

RESULTS

The study included 12 COVID-19 patients with AKI
(58.3% men), with a mean age of 61.54 + 10.37 years of
age. The most common comorbidity was hypertension in
nine patients.

ARDS with secondary bacterial infection was found
in seven (58.3%) patients who required MV and CRRT.
Before CRRT, the average values of the SAPS II score were

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):29-34

common modality was pre-dilution continuous
veno-venous hemodiafiltration (CVVHDF) and
the most commonly used membrane was highly
adsorptive-oXiris membrane. The average dura-
tion of procedures in 11 patients was 24.8 h, with
the CVVHDF + ECMO procedure performed
in one patient lasting a total of 315.5 h. The median value
of dialysate flow was 1558.3 ml/h, and median value of
replacement flow was 1318.1 ml/h. The average CRRT
dose in nine septic patients was 36.6 ml/kg/h and in the
remaining patients 30 ml/kg/h. The average ultrafiltration
per procedure in 11 patients was 4736.4 ml, while the total
ultrafiltration in a patient who underwent CVVHDEF and
ECMO was 15.669 ml. The average bolus dose was 3250
+ 1138.18 IU while the continuous UFH dose was 1112.5
* 334.48 IU/kg/h. The continuous dose of UFH during
CRRT was increased by 1/3 in six patients (66.7%), while
it was increased by 1/2 in (33.3%) patients. Discontinua-
tion of CRRT was necessary in three patents (25%) — in the
first case due to the clotting circuit, in the second case for
technical reasons and in the third case due the hemody-
namic instability and the fall of oxygen saturation. Table 3.

DISCUSSION

In addition to hemostatic disorders, immobility, and sys-
temic inflammation, MV and central venous catheters
contribute to the risk of VTE in ICU. Dietary deficiencies
and liver dysfunction can also interfere with the synthesis
of coagulation factors. Due to organ dysfunction, critically
ill patients develop changes in pharmacokinetics, which
may require adjustment of the anticoagulant dose [15].
Our patients had different levels of D-dimer depending on
the severity of their clinical conditions as well as secondary
infections. They had minor disorders of the hemostasis
mechanism without developing of disseminated intravas-
cular coagulation were verified, which corresponds to the
results of a Dutch study [16]. Using the Padova Predic-
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Table 3. Treatment parameters of CRRT

Variables ‘ n (%)
Number of procedures CRRT

1 5(41.7)
2 4(33.3)
3 or more 3(25)

Types of CRRT modalities

Predilution CYVHDF 8(66.7)
Predilution CVVHDF + ECMO 1(8.3)
CVVH 1(8.3)
CVVHD 3(25)

Type of adsorptive membrane

EMIC2 2(16.7)
OXIRIS 7(58.3)
Kit 8 2(16.7)
ST 150 1(8.3)
Dose of CRRT

> 35 ml/min/h 9(75)

< 35 ml/min/h 3(25)

Bolus dose of UFH (IU) (MeanxSD) 3250+ 1138.18
Continuous dose of UFH (1J/kg/h) (Mean£SD) | 1112.5 + 334.48
Increasing the continuous dose of UFH during CRRT

1/3 6 (66.7)
1/2 3(33.3)
Interruption of the CRRT

Yes ‘ 3(25)

CRRT - continuous renal replacement therapy; ECMO - extracorporeal
membrane oxygenation; CVVHDF - continuous venovenous
hemodiafiltration; CVVH - continuous venovenous hemofiltration; CVVHD -
continuous venovenous hemodialysis; UFH - unfractionated heparin

tion Score for Risk of VTE, the risk > 4 was determined
in 75%, i.e., nine patients, (seven critically ill patients and
two treated in semi-intensive care). Unlike other published
studies, no patient developed a thrombotic event [16, 17,
18]. Namely, the authors of the Dutch study reported that
31% out of 184 COVID-19 patients had arterial and ve-
nous thrombotic events, although all patients had stan-
dard thromboprophylaxis [16]. The authors of another
study also used the Padova score and showed that 40% of
the patients were at risk for VTE, although the study did
not provide the data on the use of VTE prophylaxis or an
incident with VTE [18]. In two French ICUs, the overall
rate of VTE in patients was shown to be very high at 69%,
but only 31% of them were treated with prophylactic an-
ticoagulation [17].

Our patients were at risk for developing AKI due to
the presence of the most common comorbidities such as
hypertension, chronic renal failure, diabetes and heart
disease, use of diuretics and ACE inhibitors, which corre-
sponds to the published results of other authors [19]. The
onset of some CRRT methods was individually assessed
based on clinical and laboratory parameters, in accordance
with the current guidelines. Compared with traditional
CRRT indicators in patients with an onset of AKI, the lead-
ing criterion was hypervolemia for the purpose of respi-
ratory support. All patients had a double-lumen catheter
placed in the right internal jugular vein, in accordance with
the recommendations [20].

‘ DOI: https://doi.org/10.2298/SARH20091801 1K

Knezevi¢ V. et al.

Depending on the availability of modalities, supply of
dialysis material, adsorption membranes and cytosorber,
the recommendation for critically ill patients is CVVH or
CVVHDEF targeting minimum delivery dose of 20-25 mL/
kg/h [21]. In the study period, in COVID-19 confirmed
patients requiring dialysis procedures, we were able to or-
ganize only the implementation of CRRT with heparin
anticoagulation, with a predominance of pre-dilution CV-
VHDEF and highly adsorbent membranes (oXiris, EMiC2)
in nine (75%) patients with high proinflammatory param-
eters. In these patients CRRT dose was 35-40 mL/kg/h in
order to eliminate inflammatory mediators, while other
patients where the main goal was volume maintenance had
CRRT 25-30 mL/kg/h. During the procedures, the doses of
antibiotics were adjusted and the energy needs increased
by 20-30 (kcal/kg.d), protein 1.5 < 1.7 (g kg.d) and amino
acids 1.5 < 1.7 (g kg.d) according to the individual treat-
ment regimen [22].

So far, papers on premature filter coagulation have been
published frequently. In a multicenter French cohort of 150
patients, 29 of them were treated for RRT and 28 of them
(97%) experienced a thrombosis circuit, with a shortened
lifetime of the circuit [9]. The anticoagulation of the circuit
has not been specifically analyzed, however, all the patients
received at least thromboprophylaxis, and 30% of them
had therapeutic doses of heparin. In a further study in
one center with 69 critically ill patients with COVID-19,
nine out of 11 patients had increased therapeutic UFH
infusions due to thrombosis of recurrent circuits [23]. A
third unicenter study reported filter coagulation in eight
out of 12 severely ill patients with COVID-19 on hemofil-
tration, despite anticoagulation with prophylactic doses.
Out of the four patients without filter clotting, three were
on therapeutic UFH infusion due to existing thrombosis
at the time of the hemofiltration onset [24].

The optimal anticoagulant strategy to prevent circuit
coagulation and ensure CRRT efficacy is unknown in CO-
VID-19. Since 75% of our patients had the Padua score
> 4, in order to prolong the filter life, pre-dilution CV-
VHDF with antithrombotic oXiris membrane was applied
in 58.3% of critically ill patients with high inflammatory
parameters and D-dimer. Wen et al. [25] have not deter-
mined the correlation between D-dimer values and short-
ened sustained low-efficiency dialysis sessions in around
30% patients, in contrast with the study done by Valle et
al. [26], who proved that the higher levels of D-dimer in-
dicate a higher rate of filter coagulation in CRRT in 46.6%
patients. However, the results are not comparable due to
the lower values of D-dimer, different treatment modali-
ties and the lack of details on coagulation in the first study.
Also, neither study monitored Anti-Xa and determined
antithrombin III and the factor VIII. The correlation of
higher values of CRP with shorter sustained low-efficiency
dialysis duration was determined in the first study, which
indicates the correlation between hyper-inflammation in
COVID-19 patients and the coagulation of extracorporeal
circuit. Elevated CRP levels in the acute phase are related to
hyper viscosity, and the latter was diagnosed in severely ill
COVID-19 patients [27, 28]. Our study did not analyze the
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correlation between D-dimer and CRP with filter coagula-
tion due to the proportion of the samples, and the fact that
only one patient had clotting circuit.

The recommended start dose of UFH is 10-15 IU/kg
per hour and the aPTT is 60-90 seconds [21]. In our study,
in six patients (50%) the values of hemostasis parameters
and platelets allowed the initial increase by 1/3 to 1/2 of
the recommended bolus dose of UFH, and we increased
the UFH dose until we reached the target values of aPPT
ranging 180-220 seconds. Despite the administration of
higher bolus doses of UHF, during CRRT all six patients
required a dose increase, as well as the two patients (with
malignant disease) treated in surgical intensive care unit in
whom an adsorptive EMiC2 membrane was used. In case
of using ECMO + CRRT blood flow was maintained at >
400 ml/min [29]. The patient who underwent ECMO +
CVVHDF was prescribed UFH according to the guidelines
of non-COVID-19 patients [30].

No bleeding, no heparin resistance, and no heparin-
induced thrombocytopenia were found in any of the pa-
tients. However, CRRT was discontinued in one patient
due to circuit clotting, therefore, the dose was increased to
the upper limit of thromboprophylaxis to prevent recur-
rent circuit clots.

Until we obtain more precise recommendations on the
amount of bolus and continuous doses of UFH for COV-
ID-19 patients, one should take into consideration comor-
bidities, the doses of thromboprophylaxis, the type of RRT
modalities and highly adsorptive membranes, the planned
duration of the procedure and the level of ultrafiltration.

During the earliest period of the pandemic, two patients
were treated with antiviral drugs (Lopinavir/Ritonavir),
both of them took azythromicin and corticosteroids in the
recommended doses [5]. Hydroxychloroquine was intro-
duced in three patients. It is known that this drug can have
an antithrombotic effect, especially on antiphospholipid
antibodies, which we were not able to analyze during the
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3Hauaj aHTUKoarynaumje Nnpm KOHTMHYUPaHOj 3ameHn PyHKUMje bybpera Koa
6onecHuKa ca aKkyTHUm owTteherwem 6ybpera nosesaHMm ca Kosugom 19

Brioneta KHexxesuh'?, TujaHa A3awweBal'? fopgaHa Crpaxmelutep-Majctoposuh'2, Mupa Mapkosuh', Maja Pyxuh??,
BecHa Typkynos??, Hatawa lfouuh?, AparaHa Munujawesuh??, iejan hennh'2
'KnuHnykn ueHTap BojoguHe, KnnHunka 3a Hedponorujy n KnnHnuky umyHonorujy, Hosu Cag, Cpbuja;

2Ynneepautet y Hosom Cagy, Meguumtckm dpakyntet, Hosu Cag, Cpbuja;
*KnuHnukn yeHTap Bojsogute, KnuHuka 3a uHdektneHe 6onectn, Hosu Cag, Cpbuja;

*KnuHnukm LieHTap BojBoanHe, YpreHTHu ueHTap, Hou Cag, Cp6uja;

SWMHCTUTYT 3 jaBHO 3ApaBsbe BojsoanHe, Hosn Cap, Cpbuja

CAMETAK

YBoa/Lnm Y Cpbuju je naHgemmja BUpYCHe 601ecT KopoHa
2019 (koBug 19) noyena noyetkom mapta 2020. roguHe.

Linrb oBor papa je cymmpare KNMHUYKOT MCKYCTBa Y leueky
aKyTHor owTehera 6yb6pera noBesaHor ca KoBugom 19 me-
Toflama KOHTUHYVpaHe 3ameHe ¢yHKLUuje bybpera (K3DB) ca
$OKYCOM Ha BUCUHW NpUMeHeHe Jo3e HedpaKLMOoHNCaHor
XenapuHa.

Mertoge lNpukasahemo 12 6onecHuka neveHnx K3Ob-om Ha
KnuHuuy 3a nHdektrBHe 60nectn y KnnHuukom LeHTpy Bojso-
AVHe of 6. mapTa Ao 20. maja 2020. roanHe. AHanu3npaHu cy
AHTUTPOMOOTCKa Npodunakca, pusrK of BEHCKe Tpomboem-
60nuje, NpuMer-eHa Tepanuja, GrIOXeMUjCK1 NapameTpu npe
n nocne K30b-a, aHTnKoarynauuja v gpyru napametpu K3®Ob-a.
Pesynrartu MpoceyHa ctapocT 6onecHuka je 6una 61,54 + 10,37
roavHa v cegam 6onecHuka (58,3%) 6uno je mywkor nona. Ceu
Cy NpuManu cTaHgapgHy Tpombonpodunakcy. Magya ckop
npeavKLumje pr3mnKa of BeHCKe TpoMboembonuje > 4 umarno je
neBeT (75%) 6onecHvKa, anvi HUjeAaH Huje pa3BMo TPOMOOT-
cKu forahaj. AKyTHo owwTtehetbe bybpera 3aBVCHO O Aujanvse

DOI: https://doi.org/10.2298/SARH200918011K

pa3BuIo je ceiMOPO KPUTUYHO 060NENNX Ca MyITUOPTraHCKOM
AancdyHkuumjom. MpoceyHa fosa K3Mb-a je nsHocuna 36,6 ml/
kg/h, npoceyHa 6onycHa fo3a HeppPaKLMOHUCAHOT Xenapu-
Ha 6una je 3250 + 1138,18 IJ, a KOHTMHYMpaHa fo3a 1112,5 £
334,48 lJ/kg/h. Mpekng K3OB-a 360r Koarynauuje ceta 6uo je
HEeonXofaH caMo KOf jefHor bonecHnKa. BpegHocTu neykowuTa,
AST, ALT, GGT, aPTT i PT 6une cy 3HauajHo Behe nocne K30b-a
y nopehemy ca ypeom, KpeaTrHVHOM, KainjyMOM, XJIOPOM 1
MarHesujymom, umnje cy BpeAHOCTY bune 3HayajHO Makbe.
3akmyuak Kop Hawmx 6onecHuka obonenvix oa kosuaa 19 ca
BVCOKMM MHbNaMaTOpHUM NapaMeTpuma 1 [1-armepom, Kao v
NPOLeHEHVIM PU3VKOM Of Pa3Boja TPOMO03e Ay60KYX BeHa,
npumMeHa NpeannyLoHe KOHTUHYVPaHe BEHOBEHCKE XeMO-
Avjaduntpauuje ca aHTUTPOMOOTCKOM MEMOPAHOM 1 BULLIM
po3ama 3a Y fo %2 HeppaKLMOHMCAHOT XenapuHa y OfHOCY Ha
npenopyyeHe fo3e, omoryhina je fy»u Bek Tpajarba Gpuntepa,
6€3 nojaBe KOMMIMKaLmja.

KmyuHe peun: BupycHa 601ecT KopoHa 19; KOHTVHYyVpaHa
3ameHa pyHKUWje 6ybpera; akyTHO owwTehere 6ybpera; Tpom-
60TCKM gorahaju
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SUMMARY

Introduction/Objective Chronic obstructive pulmonary disease (COPD) is a primary lung disease. Today,
pulmonary rehabilitation (PR) is the basis for non-pharmacological treatment of these patients, with nu-
merous confirmed effects on the most significant symptoms of the disease and the quality of life (QoL).
The aim of this study was to determine the relationship between certain risk factors and the outcome of
PR, as well as to determine the percentage of respondents who had a positive outcome of PR.
Methods The study included 500 patients with COPD, determined according to the Global Initiative for
Chronic Obstructive Lung Disease guidelines, all stages (I-1V), in the stable phase of the disease, who
completed the outpatient PR program. Disease stage, comorbidities, forced expiratory volume in the
first second, six-minute walk test (6MWT), COPD Assessment Test (CAT), and Medical Research Council
dyspnea scale, body mass index, airflow obstruction, dyspnea and exercise capacity (BODE) index, were
measured before and after the program. The last four parameters have been observed as risk factors that
affect the outcome of PR, but also as parameters by which we monitor the outcome of PR.

Results A successful outcome of PR was achieved by as many as 452 (90.4%) patients. The following
were determined as independent predictors of a positive outcome of PR: lower number of comorbidities,
absence of heart failure, higher BMI, and CAT > 10.

Conclusions PR in our group of patients leads to statistically significant improvements in most of the

examined subjective and objective parameters, in patients in all stages of the disease.
Keywords: COPD; comorbidity; respiratory rehabilitation; risk factors; treatment outcome

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is a slow, progressive, primarily lung disease,
but causes significant systemic consequences
[1]. According to available data, 4-15% of the
adult population in industrialized countries
suffer from this disease. It is the only disease in
the top 10 leading causes of death in the world,
in which the prevalence and number of deaths
continue to grow [2]. Inflammatory changes
similar to those in the lungs also occur in the
systemic circulation, and are thought to occur
with a simple “spill-over” phenomenon, i.e., the
overflow of the mediator of inflammation into
the systemic circulation. Most likely, this con-
cept is the key to understanding the systemic
effects of COPD [3].

The first problems usually appear years after
the first signs of inflammation and consequent
damage to the respiratory function. Most often,
rapid fatigue and dyspnea bring these patients
to the doctor, because they consider coughing
and expectoration to be a normal consequence
of cigarette smoking. When it occurs, dyspnea
is usually persistent and progressive [4].

The most significant systemic disorders
include: skeletal muscle dysfunction, cardio-

vascular disease (CVD), diabetes, osteoporosis,
depression [5]. Skeletal muscle dysfunction in
COPD is a common occurrence. The patho-
physiological mechanisms have not been pre-
cisely determined. One of the most important
is the decline due to inactivity, because these
patients avoid all efforts that lead to dyspnea
[6]. One of the most significant comorbidi-
ties in COPD is CVD and it is a dynamic and
progressive disorder that occurs by combining
endothelial dysfunction and inflammation [7].
Recent studies provide evidence that inflamma-
tory changes may be predictors of the develop-
ment of diabetes (type 2) and impaired glucose
tolerance [8]. Reduced lung function, systemic
inflammation, corticosteroid therapy, reduced
physical activity, which in turn causes reduced
mechanical load on the bones, and it is one of
the most important stimuli for bone building,
contribute to the development of osteoporosis
[9]. Depression and anxiety, have a significant
impact on the course of COPD, the progno-
sis of the disease, and the quality of life (QoL)
of the patients and their families. The preva-
lence of depression in patients with COPD is
10-40%, while it is 19% for anxiety [10].

The “gold diagnostic standard” is spirom-
etry. Parameters necessary for the diagnosis of
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COPD are: forced vital capacity (FVC) and forced expira-
tory volume in the first second (FEV1), and FEV1/FVC
ratio [11]. Postbronchodilator values are recommended for
the diagnosis and assessment of COPD severity. According
to the severity of the obstruction, COPD is divided into
mild (stage I), moderately severe (stage II), severe (stage
III), and very severe (stage IV). A new classification of
the disease was adopted - the ABCD classification, based
on the assessment of disease symptoms, the degree of ob-
struction, and the risk of exacerbation. The assessment
of disease symptoms is performed using the COPD As-
sessment Test (CAT) and the modified British Medical
Research Council scale (mMRC) [12].

The CAT questionnaire is a practical test consisting of
eight questions, which measure the impact of COPD on the
health condition and the daily life of the patient. The total
score ranges 0-40, higher values indicating poorer general
condition of the patient. This test has been shown to reflect
the impact of PR as well as recovery after exacerbations
[13]. The mMRC scale is used to assess dyspnea by grada-
tion 0-4, in relation to effort tolerance. Grade 4 indicates
the appearance of dyspnea even during the lightest physical
activities. This scale correlates well with other health pa-
rameters, clinical signs and pulmonary function, and pro-
vides an estimate of future mortality [14]. The body mass
index, airflow obstruction, dyspnea and exercise capacity
(BODE) index is a multidimensional index that consists
of four parameters: body mass index (BMI), obstruction
measured via FEV1, dyspnea, measured using mMRC, and
exercise capacity expressed through the six-minute walk
test (6MWT). This is an index whose values range 0-10,
and the index with values > 7 is an excellent predictive
factor for mortality, and at the same time we can monitor
the effects of PR [15].

Given that nowadays PR is a proven, very effective non-
pharmacological method of treating patients with COPD,
in this paper we wanted to determine whether and which
risk factors affect the outcome of PR, as well as how suc-
cessful the PR program is in treating patients with COPD.

METHODS
Material

This retrospective-prospective study included 500 patients
diagnosed with COPD according to GOLD guidelines,
stages I-1V, in the stable phase of the disease, who com-
pleted the program of outpatient PR during a two-year
period. Data from associated diseases were taken from pre-
vious medical history, medical documentation, and based
on the pharmacological therapy used by the patients. The
PR consisted of 15 sessions, duration of each being 45 min-
utes, over a period of three weeks, and included strength
exercises for the upper and lower extremities, endurance
exercises on a stationary bike (symptom-limited), and dia-
phragmatic breathing exercises. All the patients underwent
pre- and post-PR: 6MWT according to guidelines issued
by the American Thoracic Association, FEV1-measured
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on a Master Scope PC spirometer (manufactured by JAE-
GER). Patients completed the CAT and mMRC question-
naires themselves, also before and after PR. Patients’ body
height and body weight are presented with BMI. Based on
these parameters, we finally calculated the BODE index
before and after the completion of the PR program. When
it comes to the success of PR, our research determined
the influence of individual risk factors on the successful
outcome of PR (certain associated diseases, FEV1, 6MWT,
CAT, and mMRC questionnaire, BODE index). The as-
sessment of rehabilitation success was done on the basis of
certain parameters that were observed as risk factors (indi-
vidual improvement of these factors included an increase
in distance travelled during 6 MW'T by > 54 m, a decrease
in the CAT questionnaire by 5 points, and in the mMRC
questionnaire and BODE index by 1 point). The categories
of success were the following: excellent (all four parameters
improved), very good (three parameters improved), good
(two parameters improved), sufficient (one parameter im-
proved), and insufficient (without improvement of any
parameter). The categories excellent, very good, good, and
sufficient were considered a successful outcome of the PR.

Statistical analysis

The study used the measures of central tendency as meth-
ods of descriptive statistics. We used methods of identifica-
tion of empirical distributions, methods for assessing the
significance of differences: depending on the type of data
distribution, independent t-test, Mann-Whitney U-test,
Wilcoxonss test of equivalent pairs, x* test, and Spearman’s
correlation test. To assess the significance of the relation-
ship between input variables and outcomes, univariate as
well as multivariate logistic regression analysis was used.
Statistical analyses were performed using IBM SPSS Sta-
tistics, Version 22.0 (IBM Corp., Armonk, NY, USA), with
statistical significance level set at 0.05.

The study was approved by the Ethics Board of the In-
stitute for Pulmonary Diseases of Vojvodina.

RESULTS

The study included 500 respondents, of whom 258 (51.6%)
were male. The average age was 64.89 £ 9.02 years. The
average BMI was 25.86 + 4.25, while the average pack/
years value was 42.09 + 24.52. The average duration of the
disease was 7.35 + 6.03 years (Table 1).

Three or more associated diseases were registered in
189 (37.8%) respondents, 50 patients (10%) did not have
any associated diseases, while the largest number of associ-
ated diseases (seven), was found in only one patient. The
most common associated disease was arterial hypertension,
found in 338 (67.6%) patients, followed by ischemic heart
disease in 208 (41.6%) patients, and diabetes mellitus in
143 (28.6%) patients. The rarest associated disease was lung
cancer, diagnosed in only six (1.2%) patients (Figure 1).

The mean distance travelled during 6 MW'T before PR
was 421.76 + 97.75, and after PR it increased on average by
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Table 1. Descriptive parameters of patients in total and according to the outcome of pul-

monary rehabilitation

mild and severe patients and symptoms
(CAT questionnaire > 10, mMRC ques-

BMI - body mass index; SD - standard deviation; X - mean

Depression
Osteoporosis
Tuberculosis
Lung carcinoma
Bronchiectasis
g M Frequency
Diabetes mellitus

Heart failure

Ischemic heart disease

Arterial hypertension 67.6
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Figure 1. Frequency of comorbidities of respondents
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Figure 2. Frequency of cut-off values for Chronic Obstructive Pulmo-
nary Disease Assessment Test (CAT), modified British Medical Research
Council scale (mMRC), and Airflow Obstruction, Dyspnea and Exercise
(BODE) capacity questionnaires before and after pulmonary rehabili-
tation

64.44 + 35.07 (p < 0.01). The increase in distance during
the 6SMWT > 54 m was achieved by 314 (62.8%) respon-
dents.

The mean value of FEV1 before PR was 58.15 + 18.53,
while after the PR program it increased on average by
3.05 +2.84 (p < 0.01).

The mean value of the CAT questionnaire before PR
was 12.32 + 6.38, and after PR it decreased by an aver-
age of 6.37 £ 3.11 (p < 0.01). The reduction of the CAT
questionnaire by 5 points was achieved by 345 (69%) re-
spondents. The mean value of the mMRC scale before PR
was 1.75 + 0.93, and after PR it decreased by an average of
0.71+£0.56 (p < 0.01). A decrease on the mMRC scale by 1
point was achieved by 329 (65.8%) respondents. The mean
value of the BODE index before PR was 2.37 + 2.05, and af-
ter PR it decreased by an average of 0.93 + 0.95 (p < 0.01).
The reduction of the BODE index by 1 point was achieved
by 345 (69%) respondents.

When we observed these subjective parameters in rela-
tion to the proposed cut-off values for the categorization of

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):35-40

Variables Sui Outcome of PR p tionnaire > 2, BODE index > 3) before

Successful | Unsuccessful and after PR, we obtained the results
Sex male (n, %) 258 (51.6) 231(89.5%) | 221 (91.3%) 0.498 shown in Figure 2. Further determina-
Age (X £ SD) 64.89+9.02 | 64.76 +9.04 | 66.10 + 8.82 0.326 tion of the correlation of these param-
BMI (X = SD) 25.86 £4.25 | 26.00 £4.26 | 24.59 £ 3.96 0.029 eters revealed the existence of a statis-
Pack-years (X £ SD) 42.09+24.52 | 41.60+24.81 |46.73+21.16| 0.168 tically significant positive correlation
Length of disease years (median) | 7.35+6.03 6 3 0.103 between the values of the CAT question—

naire (p = 0.006) and the mMRC scale
(p = 0.014) at the beginning of the study
and the positive outcome of PR. No statistically significant
correlation was found between the BODE index values at
the beginning of the study and the PR outcome (p > 0.05).

Subjects with three or more associated diseases had a
statistically significantly lower frequency of positive PR
outcome compared to subjects with less than three asso-
ciated diseases [163 (86.2%) vs. 289 (92.9%); p = 0.014].
There is a statistically significant negative correlation be-
tween the number of associated diseases and a positive
PR outcome (p = 0.008), as well as three or more associ-
ated diseases and a positive PR outcome (p = 0.014). It
was found that subjects with heart failure had a statisti-
cally significantly lower frequency of positive PR outcome
compared to subjects without heart failure [59 (83.1%) vs.
393 (91.6%); p = 0.024]. There was no statistically signifi-
cant difference in the frequency of positive PR outcome
in subjects with ischemic heart disease [184 (88.5%) vs.
268 (91.8%); p > 0.05], arterial hypertension [302 (89.3%)
vs. 149 (92.5%); p > 0.05], diabetes mellitus [128 (89.5%)
vs. 324 (90.8%); p > 0.05], pulmonary tuberculosis [55
(88.7%) vs. 397 (90.6%); p = 0.024], lung cancer [5 (83.3%)
vs. 447 (90.5%); p > 0.05], bronchiectasis [95 (88.8%) vs.
357 (90.8%); p > 0.05], osteoporosis [56 (87.5%) vs. 396
(90.8%); p > 0.05] and depression [62 (86.1%) vs. 390
(91.1%); p > 0.05] compared to patients without these
comorbidities. There is a statistically significant negative
correlation between cardiac failure and a positive PR out-
come (p = 0.024), while there is no statistically significant
association of the other examined comorbidities with a
positive PR outcome (p > 0.05) (Figure 3).

When it comes to the success of PR, we must note that
the evaluation of the success of rehabilitation was done
on the basis of certain parameters that were observed as
risk factors (6MW'T, CAT questionnaire, mMRC ques-
tionnaire, and BODE index). Of the 500 patients included
in the study, as many as 452 (90.4%) subjects achieved a
successful PR outcome, while only 48 (9.6%) subjects were
without improvement in any test parameter. Within the
successful outcomes of PR, most respondents 142 (28.4%)
were in the ‘very good’ category, followed by the categories
‘good, with 129 respondents (25.8%), ‘sufficient, with 102
respondents (20.4%), and the ‘excellent’ category, with 79
(15.8%) respondents.

In our research, we tried to determine the predictive
values of pre-determined risk factors. The results obtained
by univariate logistic regression analysis showed that sta-
tistically significant univariate predictors of a positive PR
outcome are the following: lower number of associated
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Figure 3. Pulmonary rehabilitation (PR) success rate by comorbidities

diseases [PR 0.74 95% CI (0.59-0.93); p = 0.011]; absence
of heart failure [PR 0.45 95% CI (0.22-0.92); p = 0.027];
higher BMI [PR 1.84 95% CI (0.87-3.87); p = 0.03];
mMRC > 2 [PR 2.73 95% CI (1.47-5.08); p = 0.002];
CAT =10 [PR 3.23 95% CI (1.74-6.02); p < 0.001].

Age, sex, smoking, pack-years, duration of illness, num-
ber of exacerbations during the previous year, ischemic
heart disease, diabetes mellitus, arterial hypertension,
osteoporosis, pulmonary tuberculosis, lung cancer, bron-
chiectasis, depression, 6 MW'T, BODE, FEV1, and GOLD
stages are not statistically significant predictors of a posi-
tive PR outcome. Further data processing, multivariate
logistic regression analysis showed that the independent
predictors of a positive PR outcome are the following:
lower number of associated diseases [PR 0.67 95% CI
(0.52-0.88); p = 0.004]; absence of heart failure [PR 0.42
95% CI (0.19-0.93); p = 0.033]; higher BMI [PR 1.15 95%
CI (1.05-1.25); p = 0.002]; CAT > 10 [PR 4.99 95% CI
(2.51-9.91); p < 0.001].

DISCUSSION

In our study, 500 patients with COPD were analyzed, with
258 (51.6%) being male. Today, it is known that comor-
bidities have a very significant impact on the health status
of patients with COPD, but they also have a great impact
on the burden on the entire health system. Comorbidities
significantly worsen the patient’s QoL and prognosis. The
second revision of GOLD, for the first time, included co-
morbidities and exacerbations in the definition of COPD,
thus confirming their importance. The prevalence of co-
morbidities is quite diverse, the most common data indi-
cating that about two-thirds of patients with COPD have
one or two comorbidities, although the results range 50-
98.5%. Divo et al. [16] found in one of the largest comor-
bidity studies, which included 1,969 patients with COPD
and 316 patients without COPD, they found that patients
with COPD were more likely to have a larger number of
comorbidities than patients without COPD.

In our study, 50 patients did not have comorbidities
(10%), patients with comorbidities had a share of 90%. The
number of comorbidities in the remaining 450 patients
ranged from 1-7, and the average number of comorbidities
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These data correlate with the results

from the references, even our prevalence

of comorbidities is at the upper limit,
compared to the results in the research published so far.

The comorbidity study within our paper included the
following diseases: heart failure (present in 14.2%), isch-
emic heart disease (41.6%) and hypertension (67.7%), dia-
betes (28.6%), bronchiectasis (21.4), pulmonary tubercu-
losis (12.2), lung cancer (1.2%); osteoporosis (12.8) and
depression (14.4%). The examination of the prevalence
of comorbidities showed, as stated in the references, that
CVD have the highest prevalence in people with COPD,
and these values are compared with the results from the
references. Prevalence values for other diseases also range
within the values in the references, with the exception of
lung cancer, where we had a much lower prevalence com-
pared to data from the references, perhaps due to some-
what weaker screening in that direction, than osteoporo-
sis, whose prevalence in the references is up to 35%, and
depression, with a slightly lower prevalence compared to
the references (about 25%). Only heart failure has a statisti-
cally significant impact on the success of PR. Its presence
was more significant in the group with ‘insufficient’ PR
success compared to all other success categories. These
results also coincide with the results from the references.
In addition to the impact of these comorbidities on the
course and prognosis of COPD, they may also affect the
success of PR. Studies indicate that patients with comor-
bidities, especially > 2, have a higher degree of dyspnea,
less tolerance to exertion, and a poorer QoL. Patients with
CVD and COPD, according to Hornikx et al. [17], do not
have worse values either before or after the PR program,
when it comes to the assessment of dyspnea, but they have
worse results related to the exercise tolerance and QoL.

In contrast, Carreiro et al. as well as Tunsupon et al.
[18], received numerous positive changes in terms of
symptoms, but also in terms of QoL, after completing the
PR program in patients with this type of comorbidity [18,
19]. PR in these patients is more complex, difficult, and
individualized, but these patients have more chances to
progress and achieve better results. And just as these two
views are opposed, so are the results of the studies that
have been done on this topic in recent years.

The results of PR on the influence of the CAT test are
very positive, and for these reasons it is used today as one
of the main parameters for monitoring the effects of PR.
Our results confirmed that PR significantly improved the
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values of the CAT questionnaire, by far more than 2 points
of minimum clinically important difference (MCID) value
stated in the references. Also, the value of CAT showed that
it has a statistically significant correlation with the success
of PR, namely the initially worse the values of the CAT
questionnaire are, the better the results of rehabilitation.
For example, we must note that the group of patients with
‘excellent’ success had the highest mean CAT before the
program (17.14 points), while the average correction for all
categories of success was slightly more than 6 points. These
results are in complete agreement with what Dodd et al.
[20] officially confirmed in their prospective multicenter
study, pointing out that it is a simple test which responds
well to PR and that can distinguish categories in relation
to the effects of this program very well. This author further
examined the duration of changes in the values of the CAT
and found that the CAT questionnaire responds to the PR
program immediately, and that these effects last up to six
months after PR.

Our work confirmed and pointed out the significant
effect of PR to dyspnea. After PR, there was a statistically
significant improvement of mMRC, and its statistically
significant correlation with PR success was confirmed. In
the case of mMRC, as well as in the case of CAT question-
naire, this correlation is negative, i.e., the higher the values
of mMRC before PR, the better the success. The category
with ‘excellent’ success initially had the highest values of
mMRC (2.65 points), and the average improvement was
by 1 point. A previous study has shown that PR leads to
the improvement of dyspnea in all patients, although it is
recommended that only patients with mMRC > 2 should
be included in the program. Rugbjerg et al. [21] found
that all categories of patients, in relation to mMRC, have
some improvement, and that it is weak in patients with
mild symptoms, while in patients with more pronounced
symptoms this improvement is statistically significant.
Betancourt-Pefia et al. [22] also contributed to this topic.
They concluded that patients with mMRC 2 have the same
improvement after the PR, when it comes to 6 MWD and
maximal oxygen uptake, as well as patients with mMRC3%,
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®aKTopu pu3mnKa Kao NpeaUKTOPU UCX0Aa PpecnupaTopHe pexabunurauuje Kog,
6onecHUKa ca XpOHUYHOM ONCTPYKTUBHOM 6onewhy nayha

Hanwjena Kyxajma'?, ViBaH Kyxajga'?, Mupocnas Mnuh'? CuHnwa Makcumosuh'?, JeneHa LipHo6prba?, HeHen Jlanuh'?,

Mapko bojosuh'?

'"YHusep3uteT y Hoom Capy, MeguumHcku dakyntet, Hosu Cap, Cpbuja;

2MHcTuTyT 33 nnyhHe 6onectn Bojsoante, Cpemcka KameHuua, Cpbuja;

*UHcTUTyT 33 OHKonorujy BojsoguHe, Cpemcka KameHuua, Cpbuja

CAXKETAK

YBop/Linmb XpoHryHa oncTpyKTvBHa 6onect ninyha npumapHo
je nnyhHo obormemne. PecnupatopHa pexabunutaumja gaHac
npeAcTaB/ba OCHOBY HepapMaKOMOLLIKOT fleyetba 0BYX bonec-
HVKa, ca 6pojHKM noTBpheHnM edeKTMa Ha Haj3HauajHuje
cmnToMe 6oNecTn 1 KBanmTeT XKUBOTA.

Linm paga 610 je pa ce yTBpAn noBe3aHocT ogpeheHnx dak-
TOpa pY3nKa U NCXofa PecnnpaTopHe pexabunmtauyje, Kao u
npoLeHaT NCNMTaHNKa KO KOj/iX je OCTBapeH No3nTNBaH UCXOF,
pecnupaTopHe pexabunutayyje.

Mertoge Y nctpaxuBatbe je ykibyyeHo 500 6onecHuKa ca Xpo-
HWYHOM ONCTPYKTMBHOM bonewhy nnyha, ytBphHeHrx npema
cmepHuumn GOLD, cux ctagujyma (I-1V), y ctabunHoj ¢pasu 60o-
NeCTW, KOjy Cy OfpPaANIN KOMMIETaH MPorpam ambynaHTHe pe-
cnupaTtopHe pexabunutayuje. Cragujym 6onectu, npuapyxeHe
6onect, opcrpaHn eKCNPWjyMCKI BOSYMEH Y MPBOj CEKYH-
AV, LUECTOMVHYTHY TECT X0, YNUTHUK 3@ NPOLIEHY XPOHUYHE
onctpyKkTuBHe 6onectu nnyha (COPD Assessment Test — CAT) n
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ckana mMMR (modified Medical Research Council) 3a npoueHy
cTeneHa AncnHeje, unaekc BODE, mepeHw Cy npe v nocrne 3aBp-
WweHor nporpama. [Nocneara yeTnpy napameTpa NnocMaTpaHa
Cy 11 Kao paKTopM pr3MKa Kojy YTUUY Ha MCXOA pecnupaTopHe
pexabunuTaumje, anv v Kao napameTpy nomohy Kojux npatmmo
ncxop pecnupatopHe pexabunurtayuje.

Pe3syntatu YcnelwaH ncxop pecnupaTtopHe pexabunutauuje
ocCTBapwna cy Yak 452 (90,4%) 6onecHuka. Kao He3aBuUcHU npe-
JOUKTOPW NO3UTVBHOT 1CXOAa PecrnupaTopHe pexabunutayyje
yTBphEeHn cy Maru 6poj npuapy»KeHnx 6onectu, ofcycTo cp-
YaHe cnabocTu, BULLIK NHAEKC TenecHe mace n CAT > 10.
3akrpyyak PecnupatopHa pexabunvTaymja y Hawoj rpynu
60/ecHNKa JOBOAM A0 CTaTUCTUYKIM 3HauajHMX Nobosbluama
BeNMHe NCNUTVBaHMX CybjeKTVBHIX 1 06jeKTVBHIX NapamMeTapa
Ko 6onecHuKa y cBUM ctagujymvma 6onectu.

KrbyuHe peun: XxpoH1yHa oncTpyKT1BHa 6onect nnyha; Komop-
6VANTET; pecnupaTopHa pexabunutaumja; daktopy pusnka;
ncxop Tepanvije
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SUMMARY

Introduction/Objective A pressure ulcer is a localized injury to the skin and/or underlying tissue, usu-
ally over a bony prominence. It appears as a result of pressure or the combination of pressure and shear.
Pressure ulcers can be identified within a wide variety of patient subpopulations and epidemiological
and etiological aspects play a major role in their treatment.

Methods A retrospective study of data analysis included 72 patients with pressure ulcers that were
hospitalized and surgically treated in our institution over a five-year period. Main data features used in
the analysis were sex, age, principal diseases, comorbidities, and biochemical indicators of malnutrition.
The patients’ data was obtained from the existing patients’ records. Additionally, the study analyzed the
method of treating pressure ulcers, types of reconstructive methods in surgical treatment, as well as the
incidence rate of partial osteotomy.

Results A total of 72 patients with pressure ulcers were included in this study, with a mean age of 54.7 +
16.1 years. Three times more patients injured in traffic accidents were male (75% vs. 25%), while most of
the patients with multiple sclerosis were female (85.7%). More than 95% of patients who had pressure
ulcers of stage Il or IV were treated surgically with a reconstructive method of transposition or rotation
myocutaneous flap. Patients with stage IV pressure ulcer were usually treated with partial osteotomy.
Conclusion Surgical reconstructive treatment with fasciocutaneous and myocutaneous flaps represents
the gold standard for treating patients with pressure ulcers. These procedures provide reconstruction with
adequate flap coverage and obliteration of dead space with well-vascularized tissue but with necessity
of further implementation of antidecubitus measures.

Keywords: pressure ulcer; surgical treatment; osteotomy

INTRODUCTION

A pressure ulcer is a localized injury to the skin
and/or underlying tissue, usually over a bony
prominence. It appears as a result of pressure
or the combination of pressure and shear. The
increased pressure prevents the blood from
circulating properly causing cell death, tissue
necrosis, and consequently development of
pressure ulcers [1]. According to some recent
literature, hospitalizations related to pressure ul-
cers cost between $9.1 and $11.6 billion per year.
The cost of individual patient care for a pressure
ulcer may range from $20,900 to $151,700 [2, 3].
Understanding the challenges that pressure
ulcers present both to the patient and health
system, the education regarding their preven-
tion and treatment is increasingly important.
Pressure ulcers are the most commonly de-
veloped complication in bedridden patients.
They most frequently occur in intensive care
unit patients. According to the existing data,
5.6-15.5% of hospitalized patients develop
pressure ulcers [1, 3], while according to cer-
tain studies that number ranges 5-36.4% [1,
4]. This incidence rate is significantly higher
with certain subpopulations and reaches 60%
of quadriplegic subpopulation; 56% of elder-
ly patients with thigh bone fractures, and as

much as 33% in polytraumatized patients with
prolonged medical treatment in intensive care
units [2, 3, 5, 6]. A major cause of pressure ul-
cers in younger patients are spinal cord inju-
ries (SCI). Pressure ulcer is an injury caused by
body pressure at points of support. It is a tissue
injury occurring after a longer period of lying
or sitting, or caused by pressure of alloplastic
materials such as cannula, oxygenation mask,
nasogastric tube, endotracheal cannula, stoma,
or other medical equipment during hospital
treatment or physical rehabilitation [2, 4, 7].
Along with prolonged pressure and local isch-
emia, or some system factors, such as malnu-
trition, hypoproteinemia, hypoalbuminemia,
anemia, vitamin deficiency, smoking, alcohol
and drug abuse, other cardio-vascular and
endocrine comorbidities represent etiological
factors in the development of pressure ulcer-
ation [1, 5, 7, 8]. Socioeconomic factors and life
quality also affect the development of pressure
ulcers. The Braden scale as a clinically validated
tool allows nurses and doctors to reliably score
one’s level of risk for developing pressure ulcers
by assessing six subscales [3, 5, 9, 10].

Studies performed on animals showed that
application of 70 mmHg pressure over a two-
hour period can cause pathological changes.
A similar study showed that 500 mmHg pressure
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applied during a two-hour period leads to the same degree
of tissue injury as 100 mmHg pressure applied during a
10-hour period. Both of these situations result in labora-
tory animals’ tissue necrosis. Both of these studies prove
that muscular tissue is more susceptible to ischemia and
necrosis than skin and hypodermis. Ischemic changes of
muscular tissue and hypodermis were also recorded with-
out any skin changes [1, 7, 11, 12].

Skin areas that cover protruding bony areas are prone
to pressure ulcers. These areas are the following: occipital
prominence, shoulder blades, vertebrae, elbows, sacrum,
hips, and heels. However, pressure ulcers can occur on
any body part if they are points of support or pressure
for a longer period of time. Pressure ulcers can occur less
frequently on: nasal ala due to the pressure caused by a na-
sogastric tube, nose dorsum due to the oxygenation mask
pressure, trachea inner side due to endotracheal cannula
pressure, disc pressure near stoma, as well as due to pres-
sure applied by an inadequate part of prosthesis. There are
also certain publications discussing unusual instances of
pressure ulcers such as toes and shanks occurring due to
prolonged use of compression stockings, but also vulva,
perineum, and scrotum [2, 8, 12, 13].

Pressure ulcer care is a complex, long, and slow process.
First of all, pressure must be relieved or removed by ap-
propriate measures to prevent further injury. Also, an early
and adequate rehabilitation should be applied. Nutrition
is important in pressure ulcer healing. Pressure ulcer
guidelines give a summary of nutritional intervention to
enhance wound healing, such as the following: provide suf-
ficient calories, provide adequate protein intake for positive
nitrogen balance, provide and encourage adequate daily
fluid intake in the interest of hydration, provide adequate
vitamins and minerals. Pressure ulcer treatments can in-
clude partial necrectomy and debridement of devitalized
tissue, frequent change of bandages, infection control and
appropriate plastic and reconstructive surgical treatments,
in order to compensate for the skin and muscular structure
defects and bone prominence [1, 2, 12, 14, 15]. Pressure
ulcers that are critically colonized or infected may show
subtle signs of infection, such as delayed healing, change in
odor, seriously increased exudate, absent or friable tissue
granulation, new or increased pain. Necrotic or devital-
ized tissue in a wound signals the growth of bacteria and
prevents it from healing. Debridement is the removal of
nonviable tissue from a wound and is a natural part of the
wound repair process.

The paper aims to give a thorough summary of both
epidemiological characteristics of patients affected by pres-
sure ulcers and morphological characteristics of pressure
ulcers. Specific insight was given to the principal disease,
comorbidity, evaluation of reconstructive method in surgi-
cal treatment, as well as partial osteotomy incidence.

METHODS

This retrospective study was performed in our institution.
This research included 72 patients with pressure ulcers
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treated within the period from January, 2015 to January;,
2020.

Study criteria included patients older than 18 years with
pressure ulcers, who had been adequately prepared for
surgical treatment. Study criteria excluded pressure ulcer
patients younger than 18 years and patients with pressure
ulcers and the American Society of Anesthesiologist score
> 3 and patients with stage I pressure ulcers. Preoperatively,
the patients were examined by the team that consisted of
a plastic surgeon, a radiologist, a cardiologist, and, when
necessary, a neurologist. They were adequately prepared
for surgery in general endotracheal, spinal, or local anes-
thesia depending on their neurological status and labora-
tory analyses that were within normal limits (toleration
of 10-15% under normal limits for levels of proteins,
albumin, white blood cells, and hemoglobin, which are
normally expected in patients with pressure ulcers).

Main data features used in the analysis were sex, age,
principal diseases, comorbidities, and biochemical indi-
cators of malnutrition. The patients” data was obtained
from the existing patients’ records. Additionally, the study
analyzed the method of treating pressure ulcers, types of
reconstructive methods in surgical treatment, as well as
the incidence rate of partial osteotomy.

Descriptive and analytical statistics methods were used
for data processing and result presentation. The values of
continuous variables are presented as an average value +
standard deviation, while the values of discontinuous vari-
ables are presented as frequency (n, %). The differences
in the average value of continuous variables between the
groups were tested using the analysis of variance (ANOVA)
and Student’s t-test. The % test was performed for the pur-
pose of comparing discontinuous variables. The value of
p < 0.05 was considered to have statistical significance.

This paper was planned in compliance with the Patient
Rights Directive and ethical rules defined by the principles
of the Declaration of Helsinki. The data used during the
study is available upon reasonable request to the author.

RESULTS

Seventy-two patients with pressure ulcers were included
in this study. Forty-one patients were male and 31 were
female. The patients’ mean age was 54.7 + 16.1 years. The
mean age of the male patients was higher than that of fe-
male patients. This difference had high statistical impor-
tance (p = 0.003) (Figure 1). Patients belonging to other
age groups had similar incidence, but slightly higher in-
cidence was noticed in age groups 40-49 years and 50-59
years (Figure 2).

In almost half of the cases, paraplegia was the main
reason for long-lasting lying (immobility), and the cause
of pressure ulcers (44.3%). Quadriplegia was the second
most common cause of pressure ulcers (15.7%), immedi-
ately followed by hemiparesis and other causes (Figure 3).

Principal diseases, i.e., injuries resulting in immobility
or impaired mobility of patients, are presented in Figure
4. It is clear that 50% of the cases refer to SCI. The most
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Figure 1. Average age of patients in comparison to their sex
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Figure 2. Patient distrubution according to the age group
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Figure 3. Causes of pressure ulcer development
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Figure 4. Principal diseases and injuries causing pressure ulcer development
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Figure 5. Main causes of spinal cord injuries
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common causes of SCI are traffic accident trauma
(58.3%), followed by war trauma (27.8%), and falls
from height (13.9%) (Figure 5). It showed that there
are three times more male patients injured in traffic
accidents (75% vs. 25%), while 85.7% of the mul-
tiple sclerosis patients were female. Cerebrovascular
insult and vascular diseases of the lower limbs
equally affected both sexes. All other diseases were
slightly more common in males.

Regarding male patients, 48.1% had SCI caused
by a traffic accident trauma. As for the female pa-
tients, the result was significantly higher (88.9%).
Only one female patient suffered from SCI due to
war trauma (11.1%). There was no record of fall
from heights. This difference in the incidence of
injuries with different causes for male and female
patients was statistically significant (p = 0.02).

Even though it was shown that the patients in-
jured in traffic accidents were the youngest and
those injured in falling accidents were the oldest,
there is no statistically significant difference in the
mean age of patients in relation to the cause of in-
jury (p = 0.379) (Figure 6).

Traffic accident trauma is the predominant cause
of injuries in all age groups, except for the fact that
all patients younger than 30 years were injured in
traffic accidents. Falling from height was recorded
as an injury cause in patients aged 40-70 years.
There were no patients older than 70 years among
the ones with SCI.

The number of pressure ulcers localized in the
sacral area was the highest (40.3%) (x* = 37.33;
p =0.001) (Figure 7). Most of the patients had only
one pressure ulcer (72.2%), followed by patients
with two pressure ulcers (26.4%), and only one pa-
tient with three pressure ulcers.

The highest percentage of patients had stage
IV pressure ulcers (62.5%). The percentage of
patients with stage III pressure ulcers was half as
high (33.3%), and only 4.2% of patients had stage
II pressure ulcers. Stage I pressure ulcers were not
identified in any of the patients.

Hypoproteinemia and hypoalbuminemia were
identified in almost half of our patients (47.2%),
with levels of protein value less than 60 g/L, and
albumin less than 40 g/L.

Apart from principal diseases and injuries caus-
ing pressure ulcers, our patients had numerous
other comorbidities. According to their incidence
rate (37.2%), cardiovascular diseases, such as hy-
pertension, stenocardia, and myocardial infarction,
are the first ones in ranking. Endocrine diseases
come second in ranking, with 14% incidence rate,
including type 2 diabetes mellitus and thyroid gland
diseases as the most common. Incidence rate of
psychiatric disorders and gastro-intestinal diseases
is 10%, while the incidence rate of all other diseases
is 27.9% in total.
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More than 95% of pressure ulcer patients had
surgical treatment. We used a myocutaneous flap
in 47.2% and a fasciocutaneous flap in 47.2% of
patients who were operated on; 1.4% of the patients
had a reconstruction with two different flaps, while
4.2% of the patients were treated with skin grafts or
conservative treatments. Myocutaneous flaps were
used in almost half of the patients: transposition
(41%) and rotation flaps (38%) the most frequently,
following with advancement flaps (7%) and insular
flaps (5%) or combination of two flaps. This dif-
ferences in using specific myocutaneous flap type
were statistically highly significant (x* = 35.46;
p = 0.001). Proper flap selection was determined
by the localization and the stage of the pressure
ulcer, their number following the rules of not vio-
lating adjacent flap territories for possible future
flap coverage and obligation to obliterate dead
space with well-vascularized tissue. We analyzed
the frequency of partial osteotomy in two groups
of patients: the patients with stage III and those
with stage IV pressure ulcer. We did not have any
patients with stage I pressure ulcers, while those
with stage II pressure ulcers underwent conserva-
tive treatment. Partial osteotomy was performed
more frequently in the group of patients with stage
IV pressure ulcers (53.3%) compared to the group
of patients with stage III pressure ulcer (25%), X*=
5.11; p = 0.024 (Figure 10).

Patients involved in this study who were of
higher age, with lower levels of serum proteins and
albumins, and who were underweight, had only mi-
nor complications in postoperative period, such as
small dehiscence, partial flap necrosis and hemato-
mas (Clavien-Dindo grade I or II).

DISCUSSION

Research conducted in the past two decades has
shown that the number of patients with pressure
ulcers has increased by 80%, and that their leading
cause was traffic accident trauma, followed by war
trauma in our region. According to the National
Pressure Ulcer Advisory Panel and European
Pressure Ulcer Advisory Panel, an increasing ten-
dency in the number of younger patients with pres-
sure ulcers can also be noted, along with the higher
heterogeneity of the primary disease, specifically
SCI as the leading ones [3, 6, 7]. Many factors have
an impact on the development of pressure ulcers,
such as primary disease, comorbidities, sex, age,
nutritional status, and hospital care [1, 2, 3].
Previous research, as well as our study, shows
higher incidence rate of pressure ulcers in male
patients [2, 6, 8]. However, that difference was not
statistically significant. Majority of the studies show
the same results —male patients with pressure ulcer
are the dominant subpopulation group [6-9]. There
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were no female patients in the patient group younger than
30. In the patient group over the age of 70 the percentage of
females was 84.6%. In all other age groups, the number of
males was higher. This difference in the patient sex and age
distribution is statistically significant (x> = 13.44; p = 0.02).
Other studies dealing with epidemiological characteristics
of the pressure ulcer patients show the same or similar
results [4, 6, 7].

The principal cause of pressure ulcers is immobility,
most often due to paraplegia or quadriplegia. This coin-
cides with the results of some other studies, which also
indicated paraplegia as the principal cause of pressure
ulcers [1, 2, 6, 12].

The male patients involved in this study (mean age:
61.1 £ 17.1 years) were older than the female patients
(mean age: 49.9 + 13.5 years) which is a statistically signifi-
cant fact. Principal cause of pressure ulcers in our patients
was a SCI occurring usually due to traffic accident trauma
(58.3%), immediately followed by war trauma (27.8%),
and fall from height (13.9%). Other studies indicate that
SCI are a principal disease of patients with pressure ul-
cers, accounting for 80% of the cases. These injuries were
most often caused by traffic accident trauma, while war
trauma appears as a cause in a negligible number of cases.
However, previous studies stated that after World War
I, an increase in the number of pressure ulcers of 85%
was recorded among war veterans [1, 12, 13]. There were
three times more male patients injured in traffic accidents
than female ones (75% vs. 25%). Also, 85.7% of multiple
sclerosis patients were females. Other researches show an
increase in the female population with neurological dis-
eases. Cerebrovascular insult and vascular diseases of the
lower limbs equally affect both sexes. All other diseases
were slightly are common in men. Studies conducted in
other countries also show that the principal disease, with
the highest incidence rate in men, is SCI due to traffic
accident trauma, while in women these are neurological
diseases [1, 2, 3, 11].

Pressure ulcers in patients involved in this study were
most often localized in the sacral area (40.3%), followed
by the trochanteric and ischial areas. Pressure ulcers in
patients involved in other research most often occurred in
ischial area, followed by the trochanteric, and finally sacral
area [2, 12]. This can be explained by early verticalization
of patients, better physiotherapy, and more frequent use
of wheelchairs when patients in developed countries are
concerned.

The greatest number of our patients had stage III
and IV pressure ulcers, which is also in conformity with
some studies conducted in tertiary health institutions in
European countries [10]. Our patients mainly had car-
diovascular (37.2%) and endocrine diseases. All studies
referring to pressure ulcers show that comorbidities which
affect the patients with pressure ulcers are the following:
cardiovascular diseases (41%), neurological diseases (27%),
orthopedic injuries (15%), and endocrine diseases (15%)
[2, 3, 4]. Normal nutritional status was found in 52.8%
of the patients involved in this study, while 47.2% of the
patients had hypoproteinemia and hypoalbuminemia.
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Other studies show a slightly higher percentage of pa-
tients with poor nutritional status, hypoproteinemia, and
hypoalbuminemia, which also represent a risk factor for
the development of pressure ulcers. During preoperative
preparation, we had a tolerance of 10-15% lower than
normal levels of proteins, albumin, white blood cells, and
hemoglobin. All these lower levels are normally expected
in patients with pressure ulcers. However, when patients
have normal levels of protein and albumin, better surgical
treatment outcome can be expected [1, 2, 3, 12].

Almost all patients in this study were treated surgically.
Surgical treatment is the only method for stage IV pressure
ulcer and sometimes for stage III. Stages II and III pressure
ulcers can be treated in a conservative way with negative-
pressure wound therapy [11, 16]. Stage I pressure ulcers were
not included in this study because patients with pressure
ulcer stage I are treated as outpatient patients with conser-
vative treatment and advice. Almost one-half of pressure
ulcer patients were treated surgically by using myocutaneous
transposition (41%) and rotation flaps (38%) most frequent-
ly, following by advancement flaps (7%) and insular flaps
(5%) or the combination of the two. The differences in using
specific myocutaneous flap types were statistically highly
significant and are strongly connected with the localization
and the stage of the pressure ulcer. Proper flap selection is
directly in correlation with the localization of the pressure
ulcers, their stage, and their number. Moreover, one large
retrospective study deals with flap selection type. Ischial
pressure ulcers were covered with gluteal myocutaneous
rotation flaps or posterior thigh/hamstring advancement
flaps. Sacral pressure ulcers were covered with gluteal myo-
cutaneous rotation flaps or gluteal fasciocutaneous V-Y ad-
vancement flaps. Trochanteric pressure ulcers were covered
with tensor fasciae latae myocutaneous flaps [17, 18]. Other
authors of the review article and guidelines summarize flap
selection as follows: for sacral ulcer - lumbosacral flap; uni-
lateral or bilateral gluteal fasciocutaneous flap versus myo-
cutaneous rotation flap; unilateral or bilateral gluteal myo-
cutaneous V-Y advancement flap; for ischial pressure ulcers
- gluteal fasciocutaneous flap versus myocutaneous rotation
flap; posterior hamstring myocutaneous V-Y advancement
flap; for trochanteric pressure ulcer — tensor fasciae latae;
tensor fasciae latae and vastus lateralis; Girdlestone proce-
dure (proximal femurectomy and obliteration of dead space
with vastus lateralis) [1, 3, 10, 19, 20]. Partial osteotomy
was performed more frequently in the group of patients
with stage IV pressure ulcers (53.3%) in comparison with
the group of patients with stage III pressure ulcers (25%).
Sometimes, during the operation, we touched the ‘tip of the
iceberg’ and it was necessary to change the primary surgical
plan with more extended debridement. Often, we had to
use osteotomy when it was not primary planned to do so
following extended reconstruction with the myocutaneous
flap instead of the fasciocutaneous flap. The patients in this
study were operated on by several different surgeons and the
decision about osteotomy was not made only according to
the pressure ulcer stage. Sometimes, that decision was made
when osteomyelitis was suspected. Sometimes it is necessary
to make decision about partial osteotomy to prevent bone
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prominences to compromise flap vitality or to prevent new
pressure ulcer in the future. Regardless of the bone status,
in most of the cases osteomyelitis is not a contraindication
to definitive surgery and can be treated definitively with
decortication of the bone and appropriate soft-tissue cover-
age. Few studies analyze frequencies of partial osteotomy in
surgical reconstructive treatment of pressure ulcer [9, 10,
11, 14]. However, all authors suggest partial osteotomy for
stage IV pressure ulcer patients and when osteomyelitis is
suspected [18-21]. Partial osteotomy has an important role
in the prevention of osteomyelitis, but according to some
authors partial osteotomy is an integral but tricky part of
the surgical treatment of pressure ulcers [9, 12, 20, 21]. In
the postoperative period, patients in this study had only
minor complications, such as small dehiscence, partial flap
necrosis, and hematomas (Clavien-Dindo grade I or II),
but only in the group of patients who are of higher age, with
hypoproteinemia and hypoalbuminemia or underweight.
Furthermore, minor (Clavien-Dindo grade I) complications
might not always be recorded in the medical records, and
some minor complications might have been missed due to
incomplete records. Authors in review studies have found
that patients at higher age, with low serum albumin level,
and who are over or underweight, were associated with an
increased risk of complications [22, 23]. There is evidence
that abnormal nutritional markers (e.g., anemia, serum pro-
tein, inflammatory markers) become normal after surgery.
This study has limitations because it is a retrospective study
and the follow-up was not long enough.
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CONCLUSION

This study showed that the incidence rate of pressure ul-
cers is higher in male patients. SCI represents the most
common principal disease in patients with pressure ulcers.
These SCI are most often caused by traffic accident trauma.
Pressure ulcers are most often localized in the sacral area,
followed by the trochanteric area and the ischial area. The
highest percentage of patients involved in this study had
stage III and IV pressure ulcers. Surgical treatment repre-
sents the gold standard in pressure ulcer treatment espe-
cially in the group of patients with stage III or IV pressure
ulcers. Preoperative findings help to prepare and make a
decision about partial osteotomy, but the definitive deci-
sion is always made during surgery.

The most common comorbidities in patients involved in
this study were cardiovascular, neurological, and endocrine
diseases. Almost one-half of all patients involved were di-
agnosed with hypoproteinemia and hypoalbuminemia.

Understanding the challenges pressure ulcers present
both to the patient and the health system, and the educa-
tion regarding their prevention and treatment, is increas-
ingly important. In the future, we can expect an increase
of less usual localizations of pressure ulcers in the context
of the COVID-19 pandemic, because prone position has
been frequently used in intensive care units to improve the
prognosis in patients with respiratory distress.
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AHan13a enMaeMUONOLIKMX KapaKTEPUCTUKA U XMPYPLUKOT NPUCTYNA KOA,
6onecHuKa ca geKybutanHum ynuepauujama

[parana Metposuh-Monosuh’, Munau Crojuunh'?, Maja Hukonnh-KnsaHosuh'
'YHUBep3nTETCKN KNMHUYKY LeHTap Cpbuje, KnuHuKa 3a oneKoTuHe, MAAcTUYHY N PEKOHCTPYKTUBHY Xupypriijy, beorpag, Cpbuja;

2YHneep3uTet y beorpaay, MeanunHcku gakyntet, beorpag, Cpbuja

CAMETAK

YBop/Lum [lekybutanHa ynuepauyja je paHa Hactana usymu-
pareM TKMBa MOA [€jCTBOM NMPEKOMEPHOT MPUTMCKA KOju CTBa-
ppa camo TeNo CBOjOM TEXXMHOM Ha TauKama OC/IOHLA UK Y KOM-
6uHauuju ca cmyuakbeM. [NpeacTaBba Hajuellhy KomnauKaujy
Kop nexxehux 6onecHuKa Koja HacTaje U3ymmparbem TKVBa Nog,
[ejcTBOM npuTrcKa. [lekybutanHe ynuepauuje npeacTaBibajy
KoMnAvKaLmje TOKOM fieyerba pasnmunTux cybnonynaumja 6o-
JIECHIKA, @ ETVOJIOLLKE 1 eNMAEMUONOLLKE KapaKTEPUCTUKE UT-
pajy 3HauajHy ynory y ogabupy agekBaTHOr TpeTMaHa Jieuetba.
Metope YpaheHa je peTpocneKTBHa aHanM3a nofataka 72
6oNecHIKa ca feKyouTanHIM yrlepalmjama Koju Cy XUpypLu-
KW NeYeHU y Halloj YCTaHOBM y MeTOroAuLLbemM Neproay.
AHanusupaHa obenexja nocmatparba cy 6una nosn, roguiTe,
rMaBHa AnjarHo3a, KOMoOPOMAMTETH, BLOXEMUjCKI MapamMeTpu
manHyTpuumje. ObpaheHu cy ogabup metofa neyerba, PEKOH-
CTPYKTUBHU METOJ SleYera Kao 1 y4ecTanocT 0CcTeoToMuje.
PesynTatu Y cTyaujy cy 6una ykibyueHa 72 6onecHviKa ca fe-
Ky6uTanHum ynuepauujama. lMpoceyHa ctapoct 6onecHuKa je

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):41-47

6vna 54,7 + 16,1 roguHa. Tpu nyTa BULLEe 60NECHVKA MyLLIKOT
nona je nopeheHo y caobpahajHom Tpaymatuamy (75% vs.
25%), oK je BehuHa 6osiecHNKa ca MynTUnIoOM CKIepo3om
6vina »eHckor nona (85,7%). Buwe op 95% 6onecHuka je buno
ca ynuepauumjama lll n IV ctenena n neyeHo je xmpypLuku, pe-
KOHCTPYKTVBHOM METOAOM TPaHCMO3uLje Uin poTaLuje Mu-
OKYTaHOI PeXHa, a 0CTeOTOMU]a je Hajuellhe nprumerbeHa Kog,
6onecHuKa ca fekybutanHom ynuepaumjom IV cteneHa.
3ak/byuak XnpypLiKa peKoHCTpyKLMja NprMeHoM pacLmo-
KyTaHVX N MUOKYTaHVX peXXtbeBa NpefCcTaBiba 3M1aTHU CTaH-
[apA 3a nevetrbe 6onecHUKa ca fekyouTtanHum ynuepalujama.
OBwuMm npoueaypama obesbehyje ce ageKaTHa HafoOKHaaa 13-
ry6/beHOr TKMBHOT BOMTMEHA U KOXKe KBANIUTETHUM 1 A06PO
BaCKyJlap130BaHUM TKMBOM y3 06aBe3Hy ob6nuTepaLimjy MpTBOr
npoCTopa, anu y3 HEOMXOAHOCT Jasber cnpoBohera aHTuAe-
KyOUTanHmx mepa.

KmbyuHe peun: fekybuvtanHe ynuepaLmje; XMpypLUKO Neyerse;
ocTeoToMMja
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SUMMARY

Introduction/Objective Stress urinary incontinence (SUI) is defined as the complaint of involuntary
loss of urine in effort or physical exertion, or on sneezing or coughing. It is a common clinical condition
affecting 50% of middle-aged and elderly women. Mid-urethral slings (MUSs) are the gold standard in
the treatment of SUI.

The aim of this study was to investigate the success rate and complications of surgical treatment of SUI
in women with transobturator tape (TOT) within the three years of follow-up.

Methods From January 2011 until January 2018, 86 women with predominantly SUI were operated
by TOT procedure. In 61.6% of patients SUI was confirmed by preoperative urodynamic examination
(cystometry, uroflowmetry, urethral presser profile) and in 38.4% of patients by clinical examination
of stress test (cough provocation). All patients were invited for a follow-up examination six, 12, 24, and
36 months after surgery. The result of the operation is defined as cured, improved or without success.
Results The average age was 55 (32-72) years. The most common complications were tape erosion
(3.5%), incision bleeding (2.3%), transient leg pain (3.5%), dyspareunia (2.3%), vaginal erosion (3.5%) and
de novo urge (5.8%). After three years of follow-up, 82.6% patients were cured.

Conclusion TOT is a safe, effective and successful procedure with 82.6% of cured patients during a

Received « MpumbeHo:
June 25,2020

Revised - PeBusnja:
December 15,2021

Accepted - MpuxeaheHo:
December 23, 2021
Online first: December 27, 2021

Correspondence to:
Marko STOJIC

Micurinova 34

21000 Novi Sad

Serbia
marko.stojic@mf.uns.ac.rs

three-year follow-up.
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INTRODUCTION

The International Urogynecological Associ-
ation and the International Continence Society
define stress urinary incontinence (SUI) as the
complaint of involuntary loss of urine in effort
or physical exertion, or on sneezing or cough-
ing [1]. It is a common clinical condition affect-
ing 50% of middle-aged and elderly women [2].
SUI negatively interferes with the quality of life
and mental health [3].

In order to maintain urinary continence, it
is very important that there is a synergy be-
tween the structures that make up the pelvic
floor, the sympathetic and parasympathetic
nervous systems and the motor fibers of the
pudendal nerves. Involuntary loss of urine may
occur as a result of an alteration in one or more
components due to the inability of the urethra
to counteract the increase in abdominal pres-
sure. Predisposing factors for SUT are age, par-
ity (especially with vaginal delivery) and obe-
sity due to their influence on the weakening
of pelvic floor structures, leading to urethral
hypermobility. Parity can additionally lead to
SUI through its effects on urethral and blad-
der innervation, triggered by the stretching or
compression of nerves during the passage of
the fetus through the birth canal [4].

Because of its safety and efficacy [5, 6], a
surgical treatment is the method of choice,
when conservative therapy fails. Until the in-
troduction of mid-urethral slings (MUSs), the
gold standard surgical treatment of SUI was
the Burch retropubic urethropexy or Marshall-
Marchetti-Krantz procedure through the retro-
pubic routine [7]. Nowadays, the gold standard
in the treatment of SUTI is MUSs [8]. Since the
report by Ulmsten and Petros in 1995, the ten-
sion-free vaginal tape (TVT) technique, thanks
to its advantages such as shorter postoperative
stay, minimal surgical trauma and long-term
high sucess rate, has been the most commonly
used surgical treatment for SUI [9]. Despite the
fact that this technique has reached high suc-
cess rates in the mid and long term, important
complications, such as retropubic hematomas,
bladder perforation and voiding dysfunction
have also been described [9].

In 2001 a new technique was described,
trying to reduce these complications, involv-
ing the placement of a synthetic mesh under
the middle urethra through the transobtura-
tor route from the thigh to the vagina (tran-
sobturator tape outside-in [TOT]). De Leval
presented a modification to the technique, in
2003, suggesting insertion of the mesh toward
the opposite direction, from the vagina to the
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thigh (transobturator tape inside-out [TVT-O]) [10]. Both
slings, TOT and TVT-O have shown high curative rate and
lower number of complications [11, 12, 13]. Nevertheless,
several researchers point at thigh and groin pain as the
main complications.

The purpose of this study was to investigate the suc-
cess rate and complications of surgical treatment of SUI
in women with TOT outside-in technique with three years
of follow-up.

METHODS

This was a retrospective study and presents the surgical
results of treatment of SUI in women with monofilament
polypropylene tape tension-free by transobturator ap-
proach, technique outside-in, in the period from January
2011 to January 2018 in a tertiary referral center at the
Clinic for Gynecology and Obstetrics, Clinical Center of
Vojvodina in Novi Sad, Serbia. This study was approved
on February 21, 2019 under number 00-187/1 by Ethics
Committee of the University of Novi Sad, Faculty of
Medicine, Serbia.

A total of 86 women, who had SUI or mixed urinary
incontinence, with a predominantly stress component,
underwent surgery. The exemption criteria were the ab-
sence of urodynamic changes associated with the

of the operation is defined as cured, improved or with-
out success. Cure was defined as the absence of subjective
complaint of urine leakage, and the absence leakage on
cough stress testing. Patients were considered improved
when they had a decrease of stress incontinence. Other
cases were considered as without success.

RESULTS

A total of 86 women, who suffered from SUI or mixed
urinary incontinence, with a predominantly stress compo-
nent, underwent surgery by placing a monofilament poly-
propylene tape tension-free by transobturator approach,
technique outside-in. Preoperative urodynamic examina-
tion (cystometry, uroflowmetry, urethral presser profile)
was performed in a total of 53 (61.6%) patients. These
were 21 patients who suffered from SUI, eight patients
with history of previous abdominal hysterectomy, three
patients with history of previous vaginal hysterectomy as
well as 14 patients who had mixed urinary incontinence
and seven patients who had initial anterior vaginal wall
prolapse (Figure 1). In 33 (38.4%) patients, who were not
subjected to urodynamic examination, SUI was confirmed
by a clinical trial of a stress test (cough provocation) with
a full bladder in standing and lying position.

SUI, findings indicating infravesical obstruction
and detrusor overactivity, coagulopathy, pregnancy,
history of sensitivity of a foreign body (i.e., poly-
propylene), acute cystitis, vulvovaginitis, previous
surgery to treat SUI and history of pelvic radio-
therapy treatment.

In the preoperative preparation, a detailed an-
amnesis, previous medical history, clinical uro-
gynecological examination, laboratory analyzes,
negative urine culture findings, provocative cough
tests were taken.

In our study, we used clinical and functional ter-

= gfress urinary incontinence

= previous abdominal histerectomy
previousvaginal histerectomy
mixedurinary incontinence

= anterior vaginal wall prolapse

= current smoker

= hypertension

= diabetes

= pulmonary disease

B
=

minology that is in accordance with the standard-
ization of the International Society for Continence.
Urinary stress incontinence was confirmed by
preoperative urodynamic examination (cystometry, uro-
flowmetry, urethral presser profile) or clinical examina-
tion of stress test (cough provocation) with full bladder
in standing and lying position. Two surgeons, trained in
urogynecological surgery, performed all operations accord-
ing to the original Delorme technique (TOT outside-in)
using monofilament polypropylene tape. Patients under-
went surgery under general or spinal anesthesia. The Foley
catheter was removed on the first postoperative day. The
patients were discharged home in 1-4 days. Before surgery,
all patients signed written consent for surgery and post-
operative follow-up. All patients were invited for a follow-
up examination six, 12, 24, and 36 months after surgery,
which consisted of asking the patients about postoperative
satisfaction, gynecological examination, urine and urine
culture analysis and performing provocative cough tests
with a full bladder in standing and lying down. The result
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Figure 1. Graphic representation of comorbidities of patients

All patients in the preoperative preparation had a posi-
tive cough test and a negative urine culture.

The age of the patients ranged 33-72 years, with an av-
erage of 55 years. 12 patients (14%) were current smokers.
More than a quarter, 30 (35%) patients had hypertension.
Almost 10% (eight) of patients had diabetes, while four
patients (5%) had pulmonary disease (Figure 1).

The length of hospitalization was 1-4 days. The urinary
catheter was removed on the first postoperative day. 69 pa-
tients (80%) underwent surgery in general anesthesia and
17 patients (20%) under spinal anesthesia. Complications
such as tape erosion occurred in three patients (3.5%),
incision bleeding in two patients (2.3%), transient leg pain
in three patients (3.5%) and dyspareunia in two patients
(2.3%). No perforations of the bladder or urethra were
observed, as well as intestines or blood vessels. Vaginal ero-
sion occurred in three patients (3.5%). Erosion occurred in
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successful because more than three-quarters of pa-
tients 71 (82.6%) were relieved of symptoms after
the three-year follow-up.

Synthetic MUSs is the first-line surgical pro-
cedure for SUT according to the 2017 position
statement from the European Urogynaecological
Association with a success rate of > 80% [16] what
we also proved in our research using only poly-
propylene tape with a success rate of 82.6% and
improvement rate of 6.9% after three years of fol-
low-up. One year after surgery, the success rate in
our study was observed in 89.5% of patients, im-

Figure 2. Graphical representation of the type and frequency of complications

two patients six months after surgery, and in one patient
12 months after surgery. In two patients, the solution was
achieved by repeated sutures, and in one patient the tape
was cut. Transient leg pain occurred in three patients and
lasted less than 10 days. Bleeding from the incision site was
treated conservatively (tamponade) and resolved during
the first postoperative day. Dyspareunia, which manifested
as a late complication in both patients, occurred one year
after the operation. One patient underwent conservative
treatment, the other had a tape cut. In five patients (5.8%)
de novo urgency was registered as a late complication
(Figure 2).

Table 1. Results of realistic valuation of cure determined on the basis
of postoperative assessment

. Objective cure rate
Period after surgery n (%)
(months) -

Cured Improved | Without success

6 80 (93%) / 6 (7%)
12 77 (89.5%) (1.2%) 8(9.3%)
24 73(84.9%) | 4(4.6%) 9 (10.5%)
36 71 (82.6%) (6.9%) 9(10.5%)

In our study, 71 (82.6%) patients who underwent sur-
gery with the TOT outside-in technique, after three years
of follow-up, were cured (Table 1).

DISCUSSION

SUI is a widespread, global disease that affects women
around the world and is often underestimated. Most fre-
quently it occurs among middle-aged and elderly women,
as shown by the results of our study in which the average
age of women was 55 years [2].

There are several advantages, such as minimal mor-
bidity, short operation time, rapid convalescence, and
long-term efficacy that make MUSs considered the gold
standard for treating SUI [6, 7, 10].

TOT is an effective and safe method for treating
SUI and is the method of choice in many centers [14].
Nevertheless, the reports show different success rates for
the procedure [15]. In the current study, TOT was very

‘ DOI: https://doi.org/10.2298/SARH210625107P

provement in 1.2% of patients, while 8.9% of pa-
tients reported no success after the treatment. After
two years, success rate was 84.9%, improvement
was observed in 4.6% of patients, while 10.5% of patients
were without success after the treatment. The results of
our research are correlated with literature data in several
studies [3, 11, 16].

In ours, as in other studies, patients were operated
under general or under spinal anesthesia. The anesthesi-
ologists made a decision whether to use general or spinal
anesthesia taking into account the patients condition and
comorbidities. The type of anesthesia had no effect on
the outcome of the operation although it was previously
thought that the use of spinal anesthesia was important
to achieve the adequate tensioning of the sling and con-
trol of continence performing the cough test during the
procedure [17].

Delorme described TOT procedure in the attempt to
minimize TVT complications such as bladder perforation,
retropubic hematomas and voiding dysfunction. However,
there are still complications, and the most common in-
traoperative complications are bladder and vaginal per-
forations and hemorrhage [10]. There were no significant
intraoperative complications in our study, as evidenced by
Abrar et al. [18] who conducted a cross-sectional study of
162 patients who underwent surgery for SUI with Burch
colposuspension (n = 40), tension free vaginal tape (TVT)
(n=59) or TOT (n = 63), from 2006 to 2014 at the Aga
Khan University Hospital in Karachi.

Tape erosion is directly associated with biomechani-
cal properties, wound healing, local factors as infection
and also surgical technique. Tape erosion occurred in only
three patients (3.5%), which correlated with the results of
various studies [19].

After TOT surgery, transient leg pain which lasted for
less than 10 days, occurred in three patients (3.5%) and
it is in accordance with the existing literature where it is
stated that the incidence of leg pain reach up to 15.5% [20].

In our study dyspareunia is manifested as a late com-
plication in two patients (2.3%) and occurred a year after
the operation, which indicates that this rate was almost ten
times lower than that of Karakeci et al. [20]. One patient
underwent conservative treatment, while the other had
the tape cut.

Individual factors, as well as surgical technique and
sling material are significant contributing factors to the
development of vaginal erosion. Vaginal erosion can also
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occur as a result of inadequate suturation of the vaginal in-
cision, infection, rejection of the sling material, early sexual
intercourse and vaginal perforation. A study by Afflar et
al. reported that 3.3% of the patients who underwent the
TOT operation, developed vaginal erosion complication
what is almost exactly the same rate as in our study 3.5%
[21]. Erosion occurred in two patients six months after the
surgery, and in one patient 12 months after the surgery.
The solution was achieved by repeated sutures in two pa-
tients and in one patient the tape was cut.

As a complication, de novo urge incontinence effects
the life quality negatively but occurs rarely after the TOT
operations and it proves that TOT operation has a minimal
obstructive effect. Rougmeguere et al. as well as Krauth et
al. reported de novo urge incontinence rate as 2.5% and
5.2% after three months follow-up. In the study of Afflar
et al. de novo urge incontinence rate in the TOT group
was low (4.2%). Goynlimer et al. established de novo urge
incontinence in 3% of the cases [21]. In our study, in the
medium-term follow-up, in five patients (5.8%) de novo
urge incontinence occurred as a late complication and this
rate was similar with the literature [21].

Gynecological surgeries and procedures significantly
increased the risk for de novo urge incontinence, so that
eight patients with the history of previous abdominal hys-
terectomy and six patients with the history of previous
vaginal hysterectomy in our study had twice the risk of
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developing de novo urge incontinence. In one patient with
a history of previous vaginal hysterectomy and diagnosed
SUI, there was no successful outcome treated at the first
follow up after six months. The second patient was conti-
nental even after the third year of follow-up with the ap-
pearance of urge incontinence one year after the operation.
The third patient was continental and subjectively satisfied
after the third year of follow-up.

The surgeon’s experience is essential for the success of

a surgical procedure so that the low complication rate and
the high success rate of surgical treatment in this study can
be explained by the adequate surgical training and experi-
ence of the surgeons who performed the operations [22].

CONCLUSION

Our study confirms that TOT is a safe procedure in the
short and medium term with very few intraoperative, early
and late postoperative complications. It is also an effec-
tive and successful procedure in the treatment of SUT with
82.6% of cured and 6.9% of improved patients during a
three-year follow-up. Further evaluation of the procedure
requires studies with a longer follow-up.
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CUrypHOCT M eMKACHOCT XMPYPLUKE TPAHCOOTYpaTOpHE TPaKe Yy /leuetby CTpecHe
YPUHapHEe UHKOHTUHEHLUje KOA, XKeHa — Tporoguuibe npahere

Munow Mantenuh'2, Mapko Crojuh'? AnekcaHgap hypuuh'? Muwo Jykuh'3, Ypow Kaguh'? Munow Manetun'?
'YHusep3utet y HoBom Capy, MeanumHcku dakyntet, Hosu Cag, Cpbuja;

2KnuHuukn ueHTap BojsogmHe, KnuHika 3a ruHekonorujy v akyiwepctso, Hosu Cag, Cp6uja;

*KnuHnukn ueHTap BojsoguHe, Knunuka 3a yponorujy, Hosu Cag, Cpbuja

CAXETAK

YBog/LUum CrpecHa ypuHapHa MHKOHTUHeHUwja (CYW) pedu-
HYILLE Ce Kao HeBOJbHO MCMYLLTake MOKpahe NPUIMKOM Hamno-
pa, pM3MUKor Hanpesara, Knjarba UK Kalsbarba. To je yecto
KJIHUYKO CTatbe Koje 3axBaTa 50% eHa cpeftbe 1 cTapuje
XUBOTHe fo6u. CybypeTpanHu CIMHIOBHW Cy 31aTHU CTaHAAPSA
y TpetmaHy CYW.

Linrb oBe cTyauje je 6110 Aa MCTPaXu CTOMY YCMELIHOCTY U KOM-
navKauuja xmpypLukor TpetmaHa CYU Kog eHa TpaHco6Typa-
TopHOM Tpakom (TOT) yHyTap Tporoauiitber npahera.
MeTtope Y nepuopy og jaHyapa 2011. go jaHyapa 2018. roguHe,
86 »eHa ca npegomnHaHTHoM CYW onepucaHe cy npoueaypom
TOT. Kog 61,6% 6onecHra CYW je npeonepaTuBHO notBpheHa
YPOAVHAMCKIM UCMIUTVBatbEM (LMCTOMETPUja, ypodprnoymeT-
pwja, npodun ypeTpanHor npuTticka), a kog 38,4% 6onecHuua

DOI: https://doi.org/10.2298/SARH210625107P

KNVHWYKIM NCNINTVIBaHEM TECTa OCET/bUBOCTU Ha Kallasb. CBe
6onecHULe Cy NO3BaHe Ha KOHTPOJTHU MHEKOJIOLKM Npernes,
wecr, 12, 24 n 36 meceLn nocne onepauuje. Peyntat onepauuje
je pedviHMCcaH Kao n3neyeH, nobosbluaH Uy 6e3 ycnexa.
Pesyntatu NpoceyHa ctapocT 6onecHuua je 6una 55 rogu-
Ha (32-72). Hajuewhe kKomnnukauuje cy 6une eposuja Tpake
(3,5%), KpBapete 13 MecTa UHLM3NMje (2,3%), nponasHa 6on
y HO3m (3,5%), aucnapeyHuija (2,3%), epo3suja BaruHe (3,5%) u
de novo xutHocT (5,8%). MNMocne Tporoguwer npahetba 82,6%
6onecHuLa je 610 n3neyeHo.

3aksbyuak TOT je curypHa, epuKkacHa 1 ycnelHa npoLeaypa ca
82,6% n3neyeHvx 601eCHILLA TOKOM TPOroauLLHber npahetba.

KrbyuHe peun: ypriHapHa MHKOHTUHEHLW]a; CTPEC; TPAHCOGTY-
paTopHa Tpaka; CybypeTpanHu CIMHIOBU
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SUMMARY

Introduction/Objective Vincristine (VCR) is one of the key drugs in current treatment protocols for pedi-
atric acute lymphoblastic leukemia (ALL). By destabilizing microtubules, VCR arrests cells in metaphase,
inducing apoptosis of malignant cells. VCR also causes axonal degradation and impairment of axonal
transport, which leads to VCR-induced peripheral neuropathy (VIPN).

This study aimed to investigate the association of five variants in pharmacogenes involved in VCR me-
tabolism with VIPN in Serbian ALL children. We also wanted to discover candidate pharmacogenomic
markers of VIPN in Serbian population.

Methods PCR and sequencing-based methodology was used to detect variants in CYP3A5, CEP72, ACTG],
MIR3117, and MIR4481 genes. Statistical analyses were performed for investigating their association with
VIPN in 56 pediatric ALL patients. Population VCR pharmacogenomics analysis of 17 pharmacogenes from
in-house next-generation sequencing data was also done. Data on allele frequency distribution for the
European population were extracted from public databases.

Results During the treatment, 17.86% of patients developed VIPN. Association analyses have shown
that none of the genetic variants contributed to the occurrence of VIPN in our study. Population phar-
macogenomics study did not reveal valid candidate pharmacovariants for VIPN. Our results suggested
that pre-emptive pharmacogenetic testing for VCR is not applicable presently.

Conclusion More comprehensive approaches are needed to identify the panel of genes that could explain
the VIPN development after VCR administration in ALL patients. Utilizing better designed genome-wide
association studies and more robust artificial intelligence-based tools would provide a panel of pharma-
cogenes for pre-emptive tests of VIPN to individualize therapy for ALL in children.

Keywords: acute lymphoblastic leukemia; pharmacogenomics; vincristine; vincristine-induced peripheral

neuropathy (VIPN)

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the
most common pediatric malignancy, compris-
ing about one-fourth of all cancers in children.
The cure rate for childhood ALL reached 85%,
but about 75% of all patients experience treat-
ment side effects, and 1-3% of all children
with ALL die due to the treatment toxicity [1].
Application of the principles of pharmacoge-
nomics could lower the number and intensity
of drug-induced side effects.

One of the key drugs in treatment protocols
for pediatric ALL is vincristine (VCR). VCR
binds to tubulin, preventing the polymeriza-
tion of microtubules and inducing apoptosis
in cancer cells. However, the affinity of VCR
for tubulin makes the microtubules in nerve
fibers a likely target of VCR action, leading to
axonal degradation, impairing axonal transport,
and causing the development of VCR-induced
peripheral neuropathy (VIPN). VIPN is a major

side effect of VCR administration, manifesting
as muscle weakness, areflexia, neuropathic pain,
sensory loss, or autonomic polyneuropathies
[2]. VIPN often results in dose reduction, treat-
ment delays, and further withdrawal. The oc-
currence of VIPN in children is determined by
multiple factors [3, 4], with most of the recent
studies focusing on genetic influences [5].
The most comprehensive candidate gene
and genome-wide association studies (GWAS)
pointed to the possible involvement of follow-
ing pharmacogenes: CYP3A5, CEP72, ACTGI
[6-10]. Also, several variants in genes encoding
miRNAs were shown to be potential pharma-
cogenomic markers of VIPN [11]. CYP3A5 is
the most important metabolizer of VCR. The
1776746 variant in the third intron introduces
a premature stop codon which leads to low or no
expression of this enzyme [6]. CEP72 gene en-
codes a centrosomal protein important for mi-
crotubule formation and stability of the centro-
some. Variant rs924607 in the promoter region
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of this gene could be associated with a higher risk of devel-
opment and severity of VIPN [11], by possibly introducing
a binding site for transcriptional repressor NKX-6.3, low-
ering expression on CEP72 mRNA [7]. Alterations in the
interactions between the gamma isoform of actin (ACTGI)
and microtubules are involved in signal transduction to
the actin cytoskeleton. The variant ACTGI rs1135989 was
associated with higher risk and more frequent episodes of
high-grade neurotoxicity, as well as a lower tolerated VCR
dose [10]. A recent study identified variants in genes encod-
ing miRNAs related to VIPN [11]. The variant MIR3117
rs12402181 reduces the risk of VIPN by decreasing the
degradation and increasing the expression of ABCCI and
RALBPI mRNAs, thus increasing the efflux of VCR from
the axons. The variant MIR4481 rs7896283 increases the
stability of the premature miR-4481, lowering expression
of proteins in the axon guidance pathway that may affect
peripheral nerve regeneration [11]. Several studies have
indicated additional pharmacogenes potentially involved
in the development of VIPN [8, 9, 12-15].

The aim of this study was to determine if the select-
ed genetic variants CYP3A5 rs776746, CEP72 rs924607,
ACTGI rs1135989, MIR3117 rs12402181, and MIR4481
rs7896283 are associated with the development of VIPN in
ALL children treated with VCR in Serbia. Additionally, we
aimed to perform an analysis of clinical exome sequenc-
ing data for population pharmacogenomics study to dis-
cover candidate pharmacogenomic markers of VIPN in
the Serbian population.

METHODS
Subjects

This study included 56 children diagnosed with ALL be-
tween 2010 and 2018 at the University Children’s Hospital,
Belgrade, Serbia. It was approved by the University
Children’s Hospital Ethics Committee and performed ac-
cording to the Declaration of Helsinki. Informed consent
was obtained from the parents or legal guardians of each
patient.

All patients were treated according to the ALL Intercon-
tinental Berlin-Frankfurt-Munster (IC-BFM) 2009 pro-
tocol, divided into the usual phases: remission induction
and early intensification, consolidation, reinduction and
maintenance. The patients were stratified into three risk
groups: standard risk (SR), intermediate risk (IR), and high
risk (HR). Patients in the IR and HR groups were random-
ized during the early intensification phase in arm 1 (IR-1
and HR-1) and arm 2 (IR-2 and HR-2). Stratification and
randomization of the patients resulted in patients receiv-
ing different number of VCR doses (1.5 mg/m? per dose)
during the treatment (Table 1) [16].

The patients were assessed for VIPN using the National
Cancer Institute Common Toxicity Criteria [17]. A pa-
tient was diagnosed with VIPN if exhibiting one or more
symptoms of VCR-related neurotoxicity at the end of the
reinduction phase.

‘ DOI: https://doi.org/10.2298/SARH210813099R
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Data for the European population frequencies of the
investigated variants were extracted from the Genome
Aggregation Database, GnomAD.

Genetic variants detection

Detection of variants investigated in this study (ACTGI
rs1135989, CEP72 rs924607, MIR3117 rs12402181,
MIR4481 rs7896283, and CYP3A5 rs776746) was per-
formed using PCR and sequencing-based methodology as
described elsewhere [18]. Primer sequences and annealing
conditions used for amplification of each variant are avail-
able upon request. Allele frequency for CEP72 rs924607 in
healthy controls of Serbian descent was determined using
the same methodology.

Population pharmacogenomics study

We have searched the literature on the PubMed database
before April 2021 using the terms “vincristine” AND
“pharmacogenomics” OR “pharmacogenetics” AND
“GWAS” OR “candidate gene” OR “vincristine-induced
peripheral neuropathy” Studies were identified from the
titles and abstracts by the primary (BR) and the secondary
reviewer (BZ).

In-house database of 154 TruSight One Illumina se-
quenced clinical exomes belonging to individuals of
Serbian descend was used to search for variants in 17 genes
found during literature search that could be related to VCR
metabolism: CYP3A4, CYP3A5, ABCB1, PON1, ABCA4,
ABCGI1, CY51A1, SLCOICI1, ABCC1, SLC5A7, TTPA,
ABCC2, SYNE2, COCH, TUBBI, TUBB2B, and TUBBS3.

The criteria for pharmacogenomics relevance of a vari-
ant were allele frequency higher than 5% and assigned an-
notation in PharmGKB database [19].

Assignment of a Level of Evidence by the PharmGKB
annotation scoring system for clinical and variant annota-
tions enables easier identification of significant pharmaco-
variants. The clinical annotation score represents the sum
of the scores of all attached variant, guideline, and drug
label annotations. Variant annotations are scored depend-
ing on the following: phenotype category, p-value, cohort
size, effect size, and weighting by study type or by associa-
tion and significance [19].

Statistical analysis

All variants were tested for the Hardy—-Weinberg equilib-
rium (HWE) using an exact test.

The association of age of the patients and occurrence
of VIPN was tested using logistic regression. The associa-
tions of immunophenotype, sex, and the number of doses
administered were tested for association with VIPN using
Fisher’s exact test.

The association between the genotyped variants and
VIPN was tested using the multiplicative genetic model.
Multivariate analysis was adjusted for the number of VCR
doses or sex.

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):53-58



VIPN in Serbian ALL children

Table 1. Characteristics of pediatric acute lymphoblastic leukemia
patients

Patients Patients

Characteristics without with Total p'
VIPN VIPN

Age (years) 0.9132
Average 7 6.8 7
Median 55 37 53
Range 0.7-17.9 1.0-17.1 0.7-17.9
Sex (n/%) 0.1713
Male 26 (56.5%) 3(30%) 29 (51,8%)
Female 20(43.5%) | 7(70%) | 27 (49,2%)
Immunophenotype [n (%)] 13
B-lineage 42(91.3%) | 10(100%) | 52 (49,2%)
T-lineage 4 (8.7%) 0 (0%) 4(7,1%)
Risk group [n (%)] 0.346°
SR; 8 VCR doses 10(21.7%) | 1(10%) | 12(21.4%)
IR-1; 8 VCR doses 18 (39.1%) 2 (20%) 19 (33.9%)
IR-2; 12 VCR doses 5(10.9%) 3(30%) 8(14.3%)
HR-1; 12VCR doses | 10 (21.7%) | 3(30%) | 13(23.2%)
HR-2; 16 VCR doses | 3 (6.5%) 1(10%) 4 (7.2%)

VIPN - vincristine-induced peripheral neuropathy; VCR - vincristine; SR -
standard risk; IR — intermediate risk; HR - high risk;

"p-value refers to statistical testing the difference between groups of patients
with and without VIPN;

2Logistic regression;

3Fisher’s exact test

Association analyses were performed using SPSS (ver-
sion 21, IBM, Armonk, NY, USA).

Probabilities lower than 5% were considered statisti-
cally significant.

RESULTS

Demographic and clinical characteristics of the
subjects

This study encompassed 56 children with ALL, with slight
predominance of male sex (n = 29; 51.8%). The median
age at diagnosis was 5.3 years, ranging 0.7-17.9 years. Risk
stratification revealed the following distribution: SR - 11
(19.6%), IR - 28 (50%), and HR - 17 (30.4%).

Ten patients (17.86%) developed VIPN during the ther-
apy, with high predominance of girls (70%). The median
age at diagnosis of the patients that developed VIPN was
3.7 years, ranging 1-17.1 years. Nine out of ten patients
were stratified into the IR and HR groups (IR - 5, HR - 4).

Occurrence of VIPN was higher in girls, though sta-
tistical significance has not been demonstrated (0.171,
Fisher’s exact test, OR = 3.03). A trend of higher occur-
rence of VIPN in patients who received more VCR doses
was observed, but without statistical significance. However,
patients who received more than 10 doses of VCR were
3.6 times more likely to develop VIPN than patients who
received less than 10 doses (OR = 0.363; CI = 0.83-15.89;
p = 0.092; Fisher’s exact test) (Table 1).

Association of pharmacogenetic markers with VIPN

The HWE testing showed that genotype frequencies cor-
responding to all variants investigated in this study were
in equilibrium. Frequencies of investigated variants in the
Serbian pediatric ALL patients and the control group of
European origin and results of HWE testing are presented
in Figure 1.

We analyzed the association between the investigated
variants and VIPN. For each variant, we evaluated the
contribution associated with each additional minor allele
to the probability of developing the neuropathy using a
multiplicative genetic model [20]. In univariate analysis,
no variant showed a statistically significant association
with the VIPN. Applying logistic regression, the follow-
ing p-values associated with variants in ACTGI, CEP72,
MIR3117, MIR4481, and CYP3A5 genes were obtained:
0.917, 0.898, 0.788, 0.310, and 0.577, respectively. In uni-
variate or multivariate analysis (adjusted for the number
of VCR doses or sex), no variant showed a statistically
significant association with VIPN (Table 2).

Population pharmacogenomics study

In-house database of clinical exome sequences of 154
Serbian individuals was searched for variants in 17 genes
with possible influence to VCR metabolism. Ten vari-
ants in six genes have been detected with allele
frequency higher than 5%. Allele frequencies for

W MAF in study group MAF in European population

most of them were similar to the ones detected in
the European population (Table 3).

Only two variants were worthy to be further

analyzed as potential pharmacogenetic markers of

VIPN in the Serbian population. Although a variant

CYP3A4 154986910 is assigned to have a 2A level of
evidence, its allele frequency in the Serbian popu-

lation is very low (0.97%), similarly to European
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populations (0.73%). Therefore, it is not consid-
ered to be an appropriate candidate for pre-emptive

Figure 1. Minor allele frequencies (MAFs) of analyzed genetic variants in the
study group and European population; all investigated variants were in Hardy-
Weinberg equilibrium (HWE) (for rs1135989 HWE was 0.768, for rs924607 it was
0.790, and for the other variants 1); the data for MAF in the European population

was extracted from the GnomAD database
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pharmacogenomic testing.

Variant CEP72 rs924607, considered to be the
best candidate pharmacogenomic marker for
VCR, is present in the Serbian population with
60% compared to 43.4% in European populations.
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Table 2. Association of analyzed variants and vincristine-induced peripheral neuropathy (VIPN)

Ristivojevic B. et al.

Gene dbSNP Genotype n (%) Patients without VIPN | Patients with VIPN p p' P2

rs1135989 CcC 25 (44.6%) 21 (45.7%) 4 (40%)

ACTGT T cT 24 (42.9%) 19 (41.3%) 5 (50%) 0917 0.837 0.886
T 7 (12.5%) 6 (13%) 1 (10%)
15924607 CcC 17 (30.4%) 14 (30.4%) 3(30%)

CEP72 CsT cT 29 (51.8%) 24 (52.2%) 5 (50%) 0.898 0.909 0.791
T 10 (17.9%) 8(17.4%) 2 (20%)
1$12402181 GG 38 (67.9%) 31 (67.4%) 7 (70%)

MIR3117 GoA GA 17 (30.4%) 14 (30.4%) 3 (30%) 0.788 0.963 0.605
AA 1(1.8%) 1(2.2%) 0 (0%)
157896283 T 20 (35.7%) 15 (32.6%) 5 (50%)

MIR4481 T>C TC 27 (48.2%) 23 (50%) 4 (40%) 0.310 0.188 0.500
CcC 9(16.1%) 8(17.4%) 1 (10%)
15776746 AA 0 (0%) 0 (0%) 0 (0%)

CYP3A5 ASG AG 13 (23.2%) 10 (21.8%) 3 (30%) 0.577 0.702 0.360
GG 43 (76.8%) 36 (78.2%) 7 (70%)

'Adjusted for the number of vincristine doses;

2adjusted for sex

Table 3. Allele frequencies of pharmacogenes related to vincristine-

induced peripheral neuropathy in Serbian population (MAF > 5%)

MAF in MAF in
(%) (GnomAD) (%)

CEP72 | rs924607 3 60 433
ABCC2 | rs3740066 3 27.27 37.02
ABCC2 | rs2273697 3 17.85 19.75
ABCC2 |rs17222723 3 5.19 5.61
SLC5A7 | rs1013940 VA 8.44 8.01
PON1 rs854560 4 37.01 36.7
PON1 rs662 3 224 28.06
COCH | rs1045644 VA 54.87 63.49
TUBBT | rs6070697 VA 15.26 17.94
TUBBT | rs463312 VA 6.17 5.26
ABCCT | rs246221 VA 31.82 30.5

MAF - minor allele frequencies; VA -variant annotation; LoE - level of

evidence;

"reference single nucleotide polymorphism (SNP) ID number (rs number)
of SNPs that map an identical location assigned by the National Center for
Biotechnology Information;

2PharmGKB level of evidence, score of pharmacogenomics clinical (level 1: the

highest, level 4: the lowest evidence association) and variant relevance

Despite high allele frequency in the Serbian population,
this marker is not an applicable pharmacogenetic marker
in pediatric ALL since our study demonstrated that it has
the same distribution in pediatric ALL patients with and
without VIPN.

DISCUSSION

Efforts towards treatment individualization of patients
experiencing side effects of drugs are made constantly.
Previous studies analyzed pharmacogenomics of some es-
sential drugs used for treatment of pediatric ALL patients
in Serbia [18, 21, 22].

We analyzed the correlation of five variants in phar-
macogenes involved in VCR metabolism in pediatric ALL
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patients with VIPN. A total of 56 patients treated accord-
ing to the BFM protocol were included in the study. Ten
patients (17.86%) developed VIPN during the treatment.
Association analyses have shown that none of the genetic
variants were significant for the occurrence of VIPN in
our cohort.

Our results have shown a trend of higher occurrence
of VIPN in girls as in several studies [7], while others re-
ported no influence of patients’ sex on VIPN development
[12, 23]. We have also observed a trend of higher occur-
rence of VIPN in patients who received more than 10 doses
of VCR during therapy, as they were 3.6 times more likely
to develop VIPN. Several studies reported significant as-
sociation between VCR dose and VIPN [7, 14], which is
in contrast to some other studies [12, 24]. Assessment of
cumulative dose effect of VCR to VIPN development has
also shown conflicting results. There are reports of the
absence of association between VIPN and cumulative VCR
dose [24], as well as reports showing that cumulative dose
of VCR is associated with VIPN [25].

Variant CEP72 rs924607 was identified in GWAS study
as key pharmacogene relevant for VIPN in ALL children
[7], and those findings were confirmed in meta-analysis
of pharmacogenomic data from over 500 patients [8].
However, several studies did not confirm this association
[9, 23, 26]. Our results do not support the association of
CEP72 rs924607 with VIPN in pediatric ALL patients. The
frequency of rs924607 T allele in our group of ALL patients
with VIPN was almost the same as in ALL patients without
VIPN (45% and 43.5%, respectively). The frequency of
the same allele in our healthy population was rather high
(60%), similar to frequency of this variant in the European
population (43.4%). Therefore, we conclude that CEP72
rs924607 pharmacomarker was not shown to be of phar-
macogenomic relevance for the Serbian population.

Variants ACTGI rs1135989 and CYP3A5 rs776746 have
also been reported to contribute to VIPN susceptibility [6,
10]. Furthermore, analysis of the SNPs in miRNAs which
could regulate VCR-related genes in a large cohort of pe-
diatric ALL patients identified the MIR3117 rs12402181
and MIR4481 rs7896283 as variants significantly associated
with VIPN [11]. In our study, none of the aforementioned

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):53-58



VIPN in Serbian ALL children

variants have shown statistically significant association
with VIPN in pediatric ALL patients.

As additional variants have been indicated to contrib-
ute to the development of VIPN, we have performed the
pilot population pharmacogenomics study in order to
assess if the molecular genetics study of additional po-
tential pharmacogenes would be beneficial and informa-
tive. The population pharmacogenomics study encom-
passed 17 relevant, literature-reviewed pharmacogenes
present in in-house NGS database sequences of Serbian
individuals: CYP3A4, CYP3A5, ABCBI, PON1, ABCA4,
ABCGI1, CY51A1, SLCOICI, ABCC1, SLC5A7, TTPA,
ABCC2, SYNE2, COCH, TUBBI, TUBB2B, and TUBB3
[8,9, 12-15]. Also, for these pharmacogenes our popula-
tion pharmacogenomics study did not reveal valid can-
didate pharmacovariant for VIPN. A GWAS study iden-
tified PNPLA3 rs735409 as potential pharmacovariant
relevant for VCR use [27]. Further study confirmed that
the PNPLA3 rs735409 variant was associated with hepa-
totoxicity induced by asparagine administration [28], and
we decided not to include it in our study. Our results have
shown that pre-emptive pharmacogenetic testing for VCR
is not presently applicable either in pediatric ALL patients
or in patients of Serbian descent to whom VCR needs to
be administered.

VCR metabolic pathway is complex. Many transporters
and enzymes have an important role in the VCR pharma-
cokinetics and pharmacodynamics and so far, data have
not shown a single universal VCR pharmacogenomic
marker [29]. This is another example of the failure of pre-
dictions that have resulted from GWAS studies. A lack of
consistency in neuropathy assessment, grading systems,
and the choice of end points make it difficult to interpret
results between studies [4, 29]. Treatment regiments, in-
cluding number of VCR doses administered and lengths of
VCR treatment, differ between treatment protocols used
in different studies [30]. Furthermore, population-specific
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genetic variants could have relevance or other expression
quantitative trait loci of the genes in question for VIPN
assessment.

The main limitation of our study is a small number of

patients included. However, we have tried to overcome
the limitations of GWAS studies by analyzing the patients
treated with the same protocol and by establishing the
comparative groups with similar VCR administration.

CONCLUSION

Our results have shown that pre-emptive pharmacogenetic
testing for VCR is not presently applicable to neither pe-
diatric ALL patients nor to patients of Serbian descent to
whom VCR needs to be administered. Association analyses
have shown that none of the genetic variants were signifi-
cant for the occurrence of VIPN in our cohort.

More comprehensive approaches are needed to identify

a panel of genes that could explain the VIPN develop-
ment in ALL patients. Extending genome-wide research to
larger, well-characterized and more diverse patient cohorts
and development of more robust artificial intelligence bio-
informatics tools, including machine learning, statistical
learning, and soft-computing approaches, should be done.
This would provide a panel of pharmacogenes that could
be used for pre-emptive tests of VCR side effects leading to
therapy individualization in pediatric ALL patients.
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dapmaKoreHoMMKa BUHKPUCTUHOM MHAYKOBaHe nepudepHe HeyponaTtuje Kog
Aeue ca akyTHom ammdobnactHom neykemujom y Cpbuju — UCKycTBO jeaHor

LleHTpa

bojaH PuctuBojesuh’, Hukona Kotyp', bumbaHa Crankosuh', Bnagumup fawuh', Jenena Jlasuh??, Corba MaBnosuh', BpaHka 3ykuh!
'YHuBep3utet y beorpagy, IHCTUTYT 3a MoneKynapHy reHeTHKY U FeHeTUYKO UHXetepcTBo, JlabopaTopuja 3a MoneKynapHy GuomeanLHy,

Beorpag, Cpbuja;

2YHueepauTet y beorpagy, YHuBep3uTeTcka feyvja 6onHuua, beorpag, Cpbuja;

*YHusep3utet y beorpapy, MeanunHcku dakynter, beorpag, Cpbuja

CAMETAK

YBopa/Llnsb BUHKPUCTWH je jefaH Of KibyYHKX IeKoBa y NpoTo-
Konvma feyersa feuje akyTHe numdobnactHe neykemuje (AJ11).
BUHKpYCTUH [OBOAM A0 AecTabunv3aLuje MMKpoTybyna, unve
ce henuja 3aycTassba y MeTadasu 1 MHAYKyje anonTo3a. Takohe
AOBOAM A0 ferpajalmje akcoHa 1 nopemehaja akcoHckor
TPaHCMOPTa, Y3POKyjyhr BUHKPUCTUHOM MHAYKOBaHY nepu-
depHy Heyponatujy (BUTH).

Linm oBe cTyauje 610 je fa MCTpaxu MOBE3aHOCT NEeT BapUjaHTy
y bapmaKkoreHnma yKibyyeHUm y MeTabonmsam BUHKPUCTUHA
Kog feue obonene og A1 koja cy passuna BUMH, y Cpbuju.
Takohe, unb Ham je 610 Aa OTKpUjeMo KaHAMAaTe 3a HoBe dap-
MakoreHomcke Mapkepe BUIMH-a y cpnckoj nonynaumju.
Metopge [letekuuja BapujanTtu reHa CYP3A5, CEP72, ACTGI,
MIR3117 n MIR4481 n3BefeHa je MeTOA0OMjOM 3aCHOBaHOM
Ha MLP-y n cekBeHumnpamy. CTaTUCTUYKMM MeTOAama je Ncnu-
TaHa b1XxoBa acouujaumja ca BUMH-om kog 56 neanjatpurjckmx
6onecHnka obonenux og AJJ1. YpaheHa je n nonynaymoHa
BUHKPUCTUH papMakoreHoMcKa aHanu3a 17 papmakoreHa
13 noctojehnx nogataka Jo6UjeHUX CeKBEHLMPatbeM HOBe
reHepauuje y cprnckoj nonynaumju. Mogaum o AUCTpUGYyLmjm
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dpekBeHLMja anena 3a eBPOMNCKO CTAHOBHULLUTBO NPeY3eTu Cy
13 jaBHKX 6a3a nofaTtaka.

Pesynrtatu Tokom nevera, 17,86% 6onecHuka je pa3sunio
BUMH. AcoumjaTBHe aHanmn3e nokasasne Cy fa HujefHa reHe-
TWYKa BapujaHTa HUje 6una noee3aHa ca BUMH-om y Halwoj cTy-
Avju. Hawe nonynaynoHo ¢papmakoreHOMCKO NCTpaXkvBatbe
HMje oTKpUNo BanvaHe dapmakoBapujaHTe 3a BUTMH. Hawwwm
pe3ynTaTi He Mpenopyyyjy NPeBEHTUBHO GpapMaKOreHeTUYKO
UCMUTHBakbe BUHKPUCTUHA Y Cpbuju.

3aksbyyak NoTpebaH je cBEOOYXBATHMjU MPUCTYN Kako 6u ce
VAEHTUMKOBAO NaHen reHa Kojum 61 ce Morao 0bjacHNTY pas-
B0j BUIMH-a nocne nprvimeHe BUHKPUCTNHA KOA NeaujaTpmjcKmx
6onecHvika obonenux og AJIJ1. Borbe ocmuLLITbeHe CTyaNje aco-
umjaumja Ha HUBOY reHoma (GIWAS) n pobycHuju anat Koju Ko-
puvCTe BelUTayKy UHTeNuUreHuyjy gosenu 6u fo avsajHrpama
naHena papmakoreHa 3a NPeBEHTUBHO TeCTUparbe MPeaucno-
3uupje 3a pasBoj BUMH-a, fonprHocehu nHguemayanvsaumjy
1 yHanpebhetby Tepanuje gelle obonene og AJIN.

KrbyuHe peun: akyTHa numobnactHa neykemuja; papmakore-
HOMVKa; BUHKPUCTVH; BUHKPUCTVHOM MHAYKOBaHa nepudepHa
HeyponaTtuja
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SUMMARY

Introduction/Objective The aim of this study was to examine the association between flat feet and
socio-demographic factors and nutritional status in children aged 7-14 years of the Province of Vojvo-
dina, Serbia.

Methods The research was conducted as a cross-sectional study. The survey instrument was a question-
naire, and anthropometric measurements were done using standardized procedures. To determine the
impact of socio-demographic factors and nutritional status as independent variables on the flat feet
in schoolchildren as a dependent variable, a multivariate logistic regression model was implemented.
A multivariate model was adjusted for age, sex, type of settlement, and material status.

Results This study included 1376 children (685 boys and 691 girls). Significant differences were observed
in the frequency of flat feet between normal weight, overweight, and obesity (p=0.006), where obese
children were rated highest in the flat foot category. Overweight children had a 1.76 times higher chance
to have flat feet than those with normal weight (OR = 1.76; 95% Cl 1.08-2.88), while obese children were
1.88 times more likely to have flat feet than those with normal weight (OR = 1.88; 95% CI 1.14-3.11).
Conclusion The research showed that nutritional status was significantly associated with the presence
of flat feet in schoolchildren. The high prevalence of flat feet and obesity in schoolchildren should be
accepted as a warning sign, and many public health policies should be undertaken to solve these issues.

Keywords: children; flat feet; BMI; Vojvodina

INTRODUCTION

The most important factors shaping a child’s
foot are the beginnings of locomotion and in-
creasing loading of the lower extremities. The
foot has two longitudinal (medial and lateral)
arches and transverse arch. Among the arches
of the foot, the medial arch plays a significant
role in shock absorption upon contact with the
ground. It achieves this by transmitting the ver-
tical load on the foot through deflection of the
arch, thereby lessening the impact on the foot
as it hits the ground. For patients with flat feet,
however, this arch stretches out to an abnormal
limit, flattening out completely on the ground
during gait and resulting in a postural deformity
of the foot. Lowering of the foot arch in chil-
dren and development of static flat foot is the
result of muscle weakness and deficiency in the
locomotors apparatus [1]. Obesity is one of the
leading causes of flat feet and excessive weight
is a factor distorting the foot shape in children.
Extreme body weight significantly contributes
to abnormal motor development, agility, and
overall coordination of movements, and may
consequently result in postural defects [2].

There are numerous studies corroborating
harmful effect of increased body weight on
foot loads and accompanying deformities [3,
4, 5]. As per Dowling et al. [6], while stand-
ing, obese children created higher forces essen-
tially over a larger foot area and experienced
fundamentally higher plantar pressing factors
contrasted with their nonobese counterparts.
Likewise, while walking, obese children pro-
duced higher forces altogether over all spaces
of their feet, except the toes. The essentially
lower plantar arch height found in the over-
weight and obese youngsters recommends that
their flatter feet might be brought about by a
bringing down of the medial longitudinal arch,
most presumably brought about by their feet
consistently bearing excess mass. Overweight
and obesity can be associated with a gener-
alized lack of foot functionality as a weight-
bearing structure as a result of longitudinal
medial arch collapse [5].

This study’s objective was to identify and
establish the prevalence of flat feet and its re-
lationship with socio-demographic factors and
nutritional status in schoolchildren aged 7-14
years from the Province of Vojvodina, Serbia.
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METHODS

The study was carried out on the schoolchildren popula-
tion in the Province of Vojvodina, the northern part of
Serbia, within the national study entitled “National Health
Survey in Serbia” in 2013, conducted as a cross-section-
al study on the representative population sample of the
Republic of Serbia. The Ministry of Health of the Republic
of Serbia allowed the use of the National Study Database,
therefore enabling the realization of this study. A specially
created face-to-face questionnaire was used as a research
instrument, and anthropometric measurements were done
using standardized procedures.

Ethical standards applied in this study comply with the
international standards [Helsinki Declaration — World
Medical Association Declaration of Helsinki and the
Directive of the European Parliament on the protection of
individuals with regard to the processing of personal data
and on the free movement of such data (Directive 95/46/
EC)] and specific legislation in Serbia. All interviewed
members of households signed an informed consent, and
parents/guardians signed for their children. The survey
was conducted by trained interviewers whose work was
supervised by licensed supervisors. The process of the data
collection was standardized and performed by the meth-
odological guidelines. Anthropometric measurements,
including height and weight, were performed while the
subjects were without shoes and in light clothing.

This study analyzed the data on 1376 children aged
7-14 years, 685 boys (49.8%) and 691 girls (50.2%).
Variables included socio-demographic characteristics [age,
sex, type of settlement, material status (Wealth Index)],
nutrition status, and foot deformities. According to the
Wealth Index (Demographic and Health Survey Wealth
Index), the respondents were classified into three socio-
economic groups or quintiles: rich (richer and the richest
class), middle, and poor class (poorest and poorer class)
[7]. The children were divided into two age groups (7-10
years and 11-14 years). Body weight was measured to
the nearest 0.1 kg using an electronic scale (Seca, Chiba,
Japan). Body height was measured to the nearest 0.1 cm
using a stadiometer (Seca GmbH & Co. KG, Hamburg,
Germany) as the child stood erect against a vertical wall.
Body mass index (BMI) was calculated as the ratio of the
body weight to the square of body height (kg/m?) and
was classified into four categories to assess nutritional
status as underweight (< 5th percentile), normal weight
(= 5th - < 85th percentile), overweight (= 85th - < 95th
percentile), and obese (> 95th percentile) [8].

Statistical analysis was done using descriptive and in-
ferential statistics. The results are given as mean + SD and
proportion. Univariate and multivariate logistic regression
analysis was used to assess the association of flat feet with
nutritional status and socio-demographic factors. Selected
socio-demographic factors and nutritional status among
schoolchildren aged 7-14 years according to the preva-
lence of flat foot were first examined using y* tests and the
Student’s t-test. Then, to determine the impact of socio-
demographic factors and nutritional status as independent
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Table 1. Socio-demographic characteristics, nutritional status, and flat
foot prevalence of children aged 7-14 years

Sex
. Total

Variable Male Female

n % n % n %
Age (years)
7-10 352 | 514 | 358 | 51.8 | 710 | 51.6
11-14 333 | 486 | 333 | 48.2 | 666 | 484
Nutritional status
Underweight 82 (122 80 [11.8] 162 | 12
Normal weight 400 | 59.2 | 433 | 639 | 833 | 61.5
Overweight 96 | 142 | 98 | 145 | 194 | 143
Obese 98 | 145 | 67 9.9 | 165 | 12.2
Type of residence
Urban 386 | 56.4 | 396 | 57.3 | 782 | 56.8
Rural 299 | 43.6 | 295 | 42.7 | 594 | 432
Material status
Poor 256 | 374 | 230 | 33.3 | 486 | 353
Middle 152 | 222 | 138 | 20 | 290 | 211
Rich 277 | 404 | 323 | 46.7 | 600 | 43.6
Flat foot
Yes 75 11 59 8.6 | 134 | 98
No 609 | 89 | 631 | 91.4 | 1240 | 90.2
Age (years), M = SD 105+23 103+23 104 +23
Height (cm), M £ SD 1476 +15.6|146.9+ 156 | 147.2+15.6
Weight (kg), M + SD 424+15 | 420+£14.1 | 422+ 145
BMI (percentiles), M+ SD | 58.6+30.9 | 58.2+29.5 | 58.4+30.2

M + SD - mean * standard deviation

variables on flat foot as a dependent variable, a multivariate
logistic regression model was implemented. The dependent
variable (flat foot) was transformed into dichotomous vari-
ables. The model was adjusted for age, sex, type of settle-
ment, and material status. The data was weighted to be
more representative of the Vojvodina population in 2013.
We calculated the association through the odds ratio (OR)
with 95% confidence intervals (95% CI). The probability
of p < 0.05 was taken as the minimum level of significance.
All the statistical analyses were performed using IBM SPSS
Statistics, Version 21.0 (IBM Corp., Armonk, NY, USA).

RESULTS

A total of 1376 children, 7-14 years old, were voluntari-
ly recruited into this study. Out of the total sample, 685
(49.8%) were boys, while 691 (50.2%) were girls. The par-
ticipants were divided into two age groups: 7-10 years old
(n =710; 51.6%) and 11-14 years old (n = 666; 48.4%).
The average age of the children was 10.4 + 2.3 years. The
survey covered a larger number of children from the urban
(56.8%) than from the rural areas (43.2%). The average
weight recorded in this study amounted to 42.4 £ 15 kg in
the boys and 42 + 14.1 kg in the girls. The average BMI of
the boys was 58.6 + 30.9 percentiles and that of the girls
was 58.2 £ 29.5 percentiles.

Most of the children in this study were with normal nu-
tritional status (61.5%). Underweight was observed in 12%
of the children, while overweight and obesity appeared in
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14.3% and 12.2% of the cases, respectively. The sample
sizes for children by sex, age group, nutritional status, type
of settlement, material status (Wealth Index), and flat foot
prevalence are shown in Table 1.

The prevalence of obesity was higher in children aged
7-10 years (14.4%) and in boys (14.5%) than in children
aged 11-14 years (9.5%) and girls (9.9%), while overweight
was higher in children aged 11-14 years (15.1%) and girls
(14.5%) as compared to children age 7-10 years (13.4%)
and boys (14.2%). There are significant differences in
the nutritional status regarding age groups (x* = 13.943;
p = 0.003), but sex showed no significant relationship to
the nutritional status (x*= 6.726; p = 0.081).

Flat foot prevalence in the study population was 9.8%
(n = 134), and the children with flat feet had significantly
higher mean values of BMI compared to children without
flat feet (65.9 vs. 57.6 percentiles; t = 3.019; p = 0.003). The
prevalence of flat feet among boys (10.8%) was not signifi-
cantly different than among girls (8.7%). Age was found to
have a significant relationship to flat feet (p = 0.049), where
7-10 years old children (11.3%) were rated higher than
11-14 years old children (8.2%) in the flat foot category.
Significant differences were observed (p = 0.007) in the
frequency of flat feet between underweight (6.8%), nor-
mal weight (8.4%), overweight (13.4%), and obese groups
(15.4%). The participants who were more overweight had
flatter feet. The material status was found to have a signifi-
cant relationship to flat feet (p < 0.001). Flat foot preva-
lence was the highest (13.6%) among rich participants and
the lowest (5%) among the poor. The type of settlement
showed no significant relationship to flat feet (Table 2).

Table 2. Association between socio-demographic characteristics, nu-
tritional status, and prevalence of flat foot of children aged 7-14 years

Flat foot

Variable Yes No p*

n % n %
Sex
Male 76 10.8 630 89.2 0.193
Female 58 8.7 610 91.3
Age (years)
7-10 78 1.3 611 88.7 0.049
11-14 56 8.2 629 91.8
Nutritional status
Underweight 1 6.8 150 93.2
Normal weight 70 8.4 767 91.6 0.007
Overweight 26 13.4 168 86.6
Obese 25 154 137 84.6
Type of residence
Urban 88 10.8 727 89.2 0.113
Rural 46 8.2 514 91.8
Material status
Poor 24 5 454 95.0
Middle 28 9.6 264 90.4 < 0.001
Rich 82 13.6 522 86.4

Data is presented in frequency and percentages;

*¥’test
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In the multivariate logistic regression model, nutritional
status was singled out as a predictor of flat foot. Overweight
children had a 1.76 times higher chance to have flat feet
compared to those with normal weight [OR = 1.76; 95%
CI (1.08-2.88); p = 0.023], while obese children were 1.88
times more likely to have flat feet compared to those with
normal weight [OR = 1.88; 95% (CI 1.14-3.11); p = 0.014]
(Table 3).

Table 3. Odds ratios (OR) and 95% confidence intervals (Cl) for the
presence of flat feet depending on socio-demographic factors and
nutritional status

Multivariate model*

Nutritional status

OR (95% ClI) p*
Normal weight 1
Overweight 1.76 (1.08-2.88) 0.023**
Obese 1.88(1.14-3.11) 0.014**

*Model adjusted for sex, age, material status, type of residence;
dependent variable: flat foot (ref. children with flat foot);
*p < 0.05

DISCUSSION

This study presented a high prevalence of overweight
(14.3%) and obesity (12.2%) in children 7-14 years old,
with significant differences in the nutritional status re-
garding age groups (greater number of obese is present in
younger age group), but without significant differences
regarding sex. The high prevalence of obesity in school-
children in Vojvodina is still lower than the reported rate
from Vietnam for 2014 (19.1%), but is very similar to
the reported data from a Montenegro study from 2013
(10.3%), Mexican study from 2012 (14.6%), Iranian study
from 2011 (14.9%), and a Chinese study from 2014-2017
(11.7%) [9-13].

The results showed significant differences in the preva-
lence of flat feet, depending on some socio-demographic
variables (age and material status) and nutritional status.
Alsancak et al. [14] and Yin et al. [15] showed that three
variables had a significant relationship with the prevalence
of flat foot: age, sex, and weight. Our study demonstrates
that the prevalence of flat feet in schoolchildren is not in-
fluenced by sex, although the percentage distribution of
flat feet was higher in boys (10.8%) than in girls (8.7%).
A few published studies also affirmed that the percentage
distribution of flat feet in boys is marginally greater than
that in girls, yet without any significant statistical differ-
ence [16, 17, 18].

Opposite to our results, a study on 6992 children in
Poland aged 8-12 years reported a significant positive cor-
relation between sex and incidence of flat feet, where flat
feet were more frequent in boys (6.2%) than in girls (3.3%)
[4]. Also, in a Taiwanese study implemented on 5-13-year-
old children, boys (35%) had significantly higher frequency
of flat feet than girls (20%) [19]. On the other hand, ac-
cording to Sadeghi-Demneh et al. [20], the prevalence
of flat feet (children aged 7-14 years) in girls (11.3%) is
slightly greater than that in boys (10.3%) but without any
statistically significant difference.
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Similar to the results of other studies, we also detected
a decreasing trend in the prevalence of childhood flat feet
with increasing age [14, 16, 17]. Statistically significant
differences in the prevalence of flat feet (greater number
is present in earlier grades) were found between younger
(11.3%) and older (8.2%) schoolchildren. Studies carried
out in Spain reported different results — that no signifi-
cant relationship was observed between the prevalence
of flat foot and the age in a population of 6-12-year-old
students [21].

In our study, increasing weight status was also signifi-
cantly associated with a higher prevalence of flat foot. The
prevalence of flat foot was the highest in the obese (15.4%)
group and the lowest in the underweight group (6.8%).
Close to our findings, Sadeghi-Demneh et al. [20] reported
the significantly highest prevalence of flat foot in the obese
group (36.1%) and the lowest in the normal weight group
(7.9%) of children aged 7-14 years from Iran. Essentially,
Taiwanese examination of 1024 children 5-13 years old
tracked down a huge expansion in the commonness of
flat foot in overweight and obese children [19]. Several
published studies in the same context showed similar find-
ings [15, 22, 23]. As per Dowling et al. [6], obese children
showed fundamentally lower footprint angles contrasted
with their non-obese counterparts. They proposed that
these underlying foot changes were related to contrasts
in plantar pressures between obese and normal weight
children.

Our research results indicate that overweight children
had a 1.76 times higher chance to have flat feet than those
with normal weight, while obese children were 1.88 times
more likely to have flat feet than those with normal weight.
These numbers are lower than those from the findings
reported in an Ethiopian study in which children who were
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overweight or obese were found to be 3.77 and 4.16 times
more likely to have flat feet than those underweight [23].
As per Suciati et al. [24], overweight/obese children were
found to be 4.5 times more likely to have flat feet than
those of normal weight.

CONCLUSION

The present study indicates that the overall prevalence of
obesity in the whole sample was 26.5%, of which 14.3%
were overweight, and 12.2% were obese schoolchildren.
Flat foot prevalence in the study population was 9.8%, and
the children with flat feet have statistically significantly
higher BMI values than children without flat feet. Children
aged 7-10 years, obese, and children who belonged to the
rich class have a significantly higher frequency of flat feet.
The research showed that nutritional status was signifi-
cantly associated with the presence of flat feet. The high
prevalence of flat foot and obesity in schoolchildren should
be accepted as a warning sign, and strategies that promote
healthy weight and physical activity among children should
be adequately developed and applied.
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Mose3saHocT HPEBaI'IEHLI,Mje PaBHUX CTOMa/1a U HYTPUTUBHOI CTAaTyCa KOA, LWKOJICKe

aeue

Comba LLlywirbesnh'?, iparaHa Munujawesuh'?, Jywmia Mapuh?,

BecHa MujaToBuh-JoBaHoBUA'?, CHexaHa YkponuHa'*

Orba Huhugoposuh-LLypkosuh/#,

'YHugep3utet y HoBom Capy, MeauumHckmn dpakyntet, Katefpa 3a coumjanty MefuLHy 1 30paBCTBEHY CTaTUCTUKY ca MHOpMaTKoM, Hosw

Cap, Cpbuja;

2/HcTUTYT 3a jaBHO 3ApaBbe BojBoauHe, LieHTap 3a aHanu3y, nnaHupatse 1 opraHu3aujy 3apascTteeHe 3awTute, Hosn Cag, Cpbuja;
3YHuBep3uteT y Hosom Cagy, MeaunumHcku dakyntert, Kateapa 3a aHatomujy, Hosu Cag, Cp6uja;
“/IHCTUTYT 3a jaBHO 3ipaBbe BojBoauHe, LieHTap 3a npomouujy 3apasrba, Hosu Cag, Cpbuja

CAXETAK

YBoa/Lwmb Linsb pasia je 610 Aa ce ucnvta noBe3aHoOCT NpeBa-
JieHLWje paBHUX CToMasa ca coumonemorpadckmm paktopuma
1 HYTPUTUBHUM CTaTyCcoM fAieLle y3pacTa 7-14 roguHa y Bojso-
anHw, Cpbuja.

MeTtope VicTpaxuBatbe je CnpoBefeHo Kao CTyaunja npeceka.
Kao MHCTpYMEHT ncTpaxKmBatba KopyLAeH je aHKETHU YNUTHIK,
a aHTPOMOMETPUjCKa MepPEHA Cy BPLUEHa CTaHAAPAN30BaHUM
noctynuuma. [la 6u ce yTBpAMo yTruaj courogemorpadckimx
baKTopa 1 HyTPUTUBHOT CTaTyCa Kao HE3aBUCHMX MPOMEHSbI-
BMX Ha NPUCYCTBO pPaBHYX CTOMasa KOA LUKOJICKE dele, npu-
MEHEH je MyNTUBAaPMjaHTHN MOAEN NTIOTUCTUYKE perpecuje.
MynTrBapuvjaHTHV Mofen npunaroheH je ctapocTu, mony, Tumy
Hacesba U MaTepujasiHOM CTaTycy.

Pe3syntatn OBom cTygujom obyxBaheHo je 1376 pgeue (685
Jeyaka v 691 geBojunua). UctpaxmBarbeMm je yTBphHeHa 3Ha-
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YajHa pasnuKa y yuyecTanocT paBHUX ctonana n3mehy Aele ca
HOPMaJTHOM TefIeCHOM MacOM, MPEKOMEPHOM TefleCHOM MacoM
1 rojasHe feue (p = 0,006), npu yemy cy rojasHa geua nmana
HajBehy yuecTanoct paBHux ctonana. leuia ca npekomepHom
TenecHom Macom cy umana 1,76 nyta Behy LwaHcy Aa uMajy pas-
Ha cTonarna of feLie ca HopmanHom TenecHom macom (OR = 1,76;
95% CI 1,08-2,88), nok cy rojasHa fela nmana 1,88 nyta ehy
BepoBaTHONY Aa MMajy paBHa CTonasna oA AeLie ca HopMaaHOM
TenecHom macom (OR = 1,88; 95% CI 1,14-3,11).

3aKsbyuaK VIcTpaxuBatbe je MoKasaso Aa je KoA AeLie LWKOACKOr
y3pacTa HyTPUTVBHM CTaTyC 3Ha4yajHO NOBE3aH Ca MPYCYCTBOM
paBHUX cTonana. Bucoky npesaneHuujy paBHuX cTonana u
roja3HOCTU KOA LLKOJCKe AeLle Tpeba cXBaTUTM Kao 3HaK yrno3o-
petba, 3a uje je pellaBatbe NOTPebHO yHanpeherbe noctojehnx
1 Kpeunpatrbe HOBYIX jaBHO3APABCTBEHUX Nporpama.

KrbyuHe peun: geua, paBHa ctonana; BMI; BojsoanHa
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SUMMARY

Introduction/Objective The aim of this study is to identify and evaluate the use of New Mobility Score
(NMS) in estimating functional recovery three months after total hip arthroplasty (THA).

Methods In total, 70 patients, aged > 60 years, underwent THA. Treatment group was subjected to the com-
prehensive rehabilitation program and control group to the standard one. Primary outcome was assessed
with Harris Hip Score (HHS) and NMS, and secondary one by Medical Outcomes Health Survey (Short-Form
Health Survey - SF-36). Questionnaires were collected before and three months after hip surgery.
Results Treatment group showed significant improvement three months postoperatively. The correlation in
both groups between HHS and NMS was very strong (r > 0.700). Treatment group following surgery showed
strong correlation between Recovery through Personal Care Services (PCS) and HHS and NMS (r > 0.700),
moderate to strong between pain categories and HHS (r = 0.380; r = 0.583) and NMS (r = 0.424). Control
group showed strong correlation between PCS and HHS (r = 0.704), and NMS (r = 0.568) and moderate to
pain categories and HHS (r = 0.546; r = 0.466). The area under the curve (AUC) described the inherent validity
of allmeasurement used AUC, .= 0.724, p=0.001, AUC, . = 0.788, p = 0.000 and AUC, . = 0.747, p = 0.001.
Conclusion The NMS could be successfully used in routine clinical assessment of elderly patients fol-
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INTRODUCTION

Total hip arthroplasty (THA) is the most com-
monly performed surgical procedure under-
taken to relieve pain and restore function in
elderly people with end-stage hip osteoarthritis
[1]. With the projected increase in the number
of the elderly undergoing THA over the next two
decades, it becomes even more critical to de-
velop effective rehabilitation strategies, individu-
ally adapted, which can contribute most benefit.
Surgery alone fails to fully restore physical func-
tion and address longstanding impairments as-
sociated with chronic joint disease [2, 3].
Despite the increased interest in evaluating
outcomes following hip arthroplasty, challenges
remain in ensuring that such assessments of
outcome are accurate, reliable, and relevant [4].
Generic patient-reported outcome measures
(PROMs) describe a patient’s global health status,
and numerous comprehensive specific PROMs

instruments are available for patients with hip
problems [5]. Health-related quality-of-life data
are valuable as they can provide relevant health-
status information to health professionals and
should be used as rationale for implementing
the most adequate standard of health care [6].
There are many different tools available to mea-
sure an outcome, each with its advantages and
drawbacks. Pain assessment is a crucial compo-
nent of joint specific and generic self-assessment
instruments because it influences physical func-
tioning (PF) [7]. After surgery, outcome measures
are generally conveyed as the quality-of-life score,
and joint-specific tools focus on disability relat-
ing to a particular joint irrespective of the under-
lying pathology [7, 8]. Therefore, there is a need
for guidance in defining criteria for the most use-
ful outcome measures, using the International
Classification of Functioning, Disability, and
Health (ICF) model to conceptualize joint re-
placement outcomes [9, 10].
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The meta-analysis from 2019. distinguishes results on
patient-reported function, hip-related pain, and health-
related quality of life after total hip replacement and sug-
gests focusing on early rehabilitation [11, 12].

The aim of this study is to identify and evaluate the
use of New Mobility Score (NMS) together with already
confirmed Harris Hip Score (HHS) and the medical out-
comes study Short-Form Health Survey (SF-36) in esti-
mating functional recovery three months after primary
hip arthroplasty.

METHODS
Study design, participants, and ethics

This study was designed as a prospective randomized
controlled study. The data were collected preoperatively
and three months after THA to evaluate the effectiveness
of a comprehensive rehabilitation program compared to
the standard one after hip arthroplasty. Recruited patients
were enrolled between 2013 and 2015, prior to surgery at
the orthopedic surgery department. The inclusion criteria
were older than 60, end-stage primary hip osteoarthritis,
and primary unilateral total hip replacement. The exclu-
sion criteria were postoperative complications, cognitive
impairment (assessed clinically), history of congenital hip
dislocation, bilateral hip disease or inflammatory arthritis,
significant neuromuscular disease (e.g., Parkinson’s dis-
ease), lower extremity fractures, or paralysis.

A randomization sequence was created using a comput-
er-generated list of numbers in block sizes of four. Those
who qualified for the trial underwent a hip replacement, by
posterior-lateral approach, performed by the same surgery
team. Both groups received a standard exercise program
guided by a physiotherapist, starting on the first post-sur-
gery day. Participants in the treatment group were given a
comprehensive program with additional physical exercises
for the arm and upper body. Both program sessions were
performed twice a day, five days a week, during a two-week
stay at the hospital. The patients were supervised in an
inpatient rehabilitation center (for four weeks) and finally
at home, unsupervised (for six weeks).

All participants gave their voluntary written consent
according to approval by the Regional Committee for
Medical Research Ethics (n.29/V-17). The trial is registered
in ISRCTN Register with ISRCTN73197506.

Patient characteristics

Before surgery, a questionnaire including anthropometric
characteristics (age, sex, body height and weight, comor-
bidities) was completed for all patients.

Patient assessment

The primary outcome was changed in the lower limbs’
hip function and physical performances, assessed by HHS

and NMS, from baseline and after three months. HHS is a
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multidimensional assessment of the results of hip surgery
[2, 13]. The domains covered by the HHS are pain and
daily living activities, and hip function assessment (limp-
ing), absence of deformity, and range of motion. The final
score ranges from 100 points (no disability) to 0 (maxi-
mum disability).

NMS is a composite score of the patient’s ability to per-
form: indoor walking, outdoor walking, and shopping, pro-
viding a score between 0 and 3 (0 - not at all, 1 — with help
from another person, 2 — with an aid, 3 - no difficulty) for
each function, resulting in a total score from 0 (no walking
ability at all) to 9 (fully independent) [14, 15, 16].

Secondary outcomes were estimating and measuring
functional physical recovery after primary hip arthroplasty
and quality of life by SF-36. The SF-36 is a common general
health scale evaluating physical and mental health (MH),
which includes one multi-item scale that assesses eight
health concepts: 1 - limitations in physical activities be-
cause of health problems; 2 - limitations in social activities
because of physical or emotional problems; 3 - limitations
in usual role activities because of physical health problems;
4 - bodily pain (BP); 5 - general MH (psychological dis-
tress and well-being); 6 — limitations in usual role activities
because of emotional problems; 7 — vitality (energy and
fatigue), and 8 — general health state. It has been tested for
its psychometric properties. Each subscale score is con-
verted from 0 to 100; the higher the score, the better the
quality of life [4, 17].

Statistical analysis

Baseline data on patients’ characteristics were examined for
differences between the two groups by chi-square test for
categorical variables or Student t-test and Mann-Whitney
U test for continuous variables.

In this paper, we used norm-based scoring for all do-
mains of SF-36. Norm-based scoring generates Physical
Component Summary (PCS) and Mental Component
Summary (MCS) scores, using Scoring Software 4.5™ [18].
The response to 36 questions is transferred to 0-100 worst/
best scale, according to which 50 points score corresponds
to a generally healthy population.

Correlations between specific and generic tests in two
measurement periods were assessed with the Pearson lin-
ear correlation coefficient. The degree of correlation was
defined as low if the coefficient was less than 0.3, moderate
if it was between 0.3 and 0.5, and reliable if it was more
significant than 0.5 [19].

Receiver operating characteristic (ROC) curve plots
were generated for all used outcome measurements. The
point closest to the upper left corner of the curve repre-
sents the optimal trade-off between sensitivity and speci-
ficity for detecting clinical improvement. The area under
the curve can be interpreted as the probability of the test
to identify an improvement in patients correctly. An AUC
of 1 demonstrates an ideal test with a 100% sensitivity and
specificity, while an AUC of less than 0.5 indicates that the
test is less useful. Cut-off points are defined by positive-
to-negative (P/N) ratios [20].
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Recruitment

Allocation

Assessed for eligibility (n = 98)

Eligibility confirmed (n = 78)
Signed informed consent

Excluded (n = 20)

- congenital dislocation (n = 4)
- scheduled to have bilateral
joint replacement (n = 8)

- Parkinson's disease (n = 3)
Refused to participate (n =5)

v

Baseline assessment (n = 78)
Total hip replacement

A4

Randomization through concealed
allocation in blocks of four (n = 70)

Excluded (n = 8), early
postoperative complication
- hip dislocation (n = 1)

- high fever (n = 4)

- sciatica nerve palsy (n = 3)

v

v

Intervention group (n = 35) — Comprehensive

program with arm and upper body
exercises

v

v

Control group (n = 35)
Standard rehabilitation
programme

v

Outcomes’ assessment three months follow-up

\’

v

v

Analyses

Figure 1. Flow diagram of the randomized clinical trial

IBM Statistical Package for Social Science for Windows
(SPSS) version 21.0 (IBM Corp., Armonk, NY, USA) was
used for statistical analyses.

RESULTS

In total, 98 patients were eligible for participation in the
study from January 1, 2013, to June 30, 2015. After exclu-
sion criteria had been implemented, 70 participants un-
derwent randomization and did not change groups until
the end of the research.

The treatment group consisted predominantly of fe-
males, 63% (n = 22) as well as in the control group, 77%
(n = 27). There were no significant pre-treatment differ-
ences between the groups, suggesting that the randomiza-
tion procedure produced well-balanced and comparable
groups at baseline. The average age of participants was 69
(SD = 6.3 years) in both groups.

A flow diagram of the trial progression (recruitment,
randomization, intervention allocation, follow-up, and
data analysis) is shown in Figure 1. The average baseline
characteristics of both groups are listed in Table 1.

‘ DOI: https://doi.org/10.2298/SARH200713005M

Table 1. Socio-demographic and clinical characteristics of the par-
ticipants

- Study grou Control grou
Characteristics ny:935 p he 3?5 P p
Age in years, mean (SD) 69.2 (6.29) 68.1 (6.35) 0.725
Sex 0.192
Male, n (%) 13(37.1) 8(22.9)

Female, n (%) 22(62.9) 27 (77.1)

BMl in categories, n (%) 0.408
Normal, n (%) 7 (20) 11(31.4)
Overweight, n (%) 17(48.6) 12 (34.3)

Obese, n (%) 11(31.4) 12 (34.3)
Comorbidities, mean (SD) 2.77 (1.8) 3.34(2.38) 0.138
ICED score 0.405
Mild, n (%) 1(2.9) 0(0)

Moderate, n (%) 2(5.7) 2(5.7)

Severe, n (%) 30(85.7) 33(94.3)

ICED - Index of Coexistent Disease; BMI - body mass index;
According to ¥, t-test, or Mann-Whitney U-test where appropriate

The only significant difference between treatment and
control study groups before the intervention was detected
in the Vitality (VT) domain of the SF-36 questionnaire.
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Table 2. Mean scores of NMS, SF36, and HHS questionnaires before and 3

months after the intervention in treatment and standard groups

of statistically significant correlation was found
between SF-36 domains: BP, SF, and NMS, as well

Groups as VT and HHS.
. Questionnaire, mean (D) T"iaf“;g”t Cnoft;gl P Correlations three months after THA were given
ime = = .
HHS 346(1056) | 35503) | oeo3 | 0 1eble3. .
HHS-pain 11.713.82) | 12.86(4.58) | 0.261 In th.e treatment group, a strong significant
Physical Functioning 257(4.93) | 240(3.73) | 0121 correlation was found between HHS and NMS.
Role-Physical 304(6.95) | 284(10.3) | 0362 MOdira.te to Str‘;ng p(;)iltive Stat;;tlgzlg Slgr?lﬁc‘;ll:t
Bodily Pain 209(552) | 27.7(5.55) | 0.106 correlation was Iound between 5t-36 domains: £,
S Gene)r/al Health 53.9 59.06; 52.5 58.84; 0511 RP, GH, VT, PCS, pain category of HHS, and total
& |vitality 457 (10.68) | 397 (1029) | 0.019 HHS and NMS. A moderate significant correlation
£ |social Functioning 298(1063) | 27.4(922) | 0309 | Was present between BP and HHS.
‘v | Role-Emotional 35.1(11.1) |36.3(12.17) | 0670 In the control group, a strong significant correla-
€ | Mental Health 38.2(13.45) | 34.1 (12.09) | 0.183 tion was found between HHS and NMS. Moderate
[ Physical Component summary | 329 (5.44) | 30.4 (493) | 0054 to strong positive statistically significant correlation
Mental Component summary | 41.3 (12.31) | 38.8(12.62) | 0.402 was found between SF-36 domains: PE RP, GH, VT,
NMS 39(1.82) | 3.9(1.14) 1.000 and PCS and both HHS, as well as SF-36 domains:
Groups BP, SE RE, MH, MCS, pain category HHS and total
Questionnaire, mean (SD) Treatment | Control p* HHS. (Figure 2, Table 4)

Time n=35 n=35 AUC for NMS was 0.724 (CI 95% 0.598-0.849)
HHS 883 (4.62) | 824(551) | <0.001 | p=0.001, cut-off 7.5, with sensitivity of 80% and
HHS-pain 426(1.92) | 41.1(1.83) | 0.002 specificity of 71%.

Physical Functioning 49.3(6.9) 44.2 (7.8) 0.005 AUC for HHS was 0.788 (95% CI 0.683-0.894)
g | Role-Physical 21.9(5.17) | 47.0(542) | <0.001 |y (000, cut-off 85.5, with sensitivity of 71% and
g Bodily Pain 60.3 (4.54) | 55.4(5.43) | <0.001 specificity of 74%.
¢ |General Health 289(7.04) | 560(7.09) | 0096 AUC for PCS SF-36v2 was 0.747 (95% CI 0.628~
£ | Vitality 61.8(7.04) | 566(7.55) | 0.004 0.867) p = 0.001, cut-off 51.8, with sensitivity of
E Social Functioning 55.8(4.83) | 52.2(5.37) 0.005 77% and specificity of 77%.
© | Role-Emotional 54.1(5.88) | 51.4(6.92) 0.086
£ | Mental Health 56.3(7.96) | 52.4(7.13) | 0.032
:% Physical Component summary | 54.0 (5.70) | 49.1(5.62) | 0.001 DISCUSSION

Mental Component summary | 57.9(7.08) | 54.9 (6.37) 0.067

NMS 8.2(1.09) 7.1(1) <0.001

HHS - Harris Hip Score; NMS - New Mobility Score;
*According to the t-test

A higher score of VT was detected among treatment pa-
tients (45.7 vs. 39.7).

After the intervention, there were significant differences
in favor of treatment group as regards HHS (88.3 vs. 82.4),
pain category of HHS (42.63 vs. 41.14), NMS (8.2 vs. 7.1),
and SF-36 domains PF (49.3 vs. 44.2), Role-Physical (RP)
(51.9 vs. 47.0), BP (60.3 vs. 55.4), VT (61.8 vs. 56.6), Social
Functioning (SF) (55.8 vs. 52.2), MH (56.3 vs. 52.4), as
well as PCS (54 vs. 49.1), but for MCS (p = 0.067) there
were no statistically significant differences between groups
(Table 2).

Correlations prior to THA were given in Table 3.

In the treatment group, a strong statistically significant
correlation was found between HHS and NMS. Moderate
to strong positive statistically significant correlation was
found between SF-36 domains: PE, RP, BP, SE RE, PCS,
HHS, and NMS. A moderate statistically significant cor-
relation was found between the pain category of HHS and
total HHS.

In the control group, a strong statistically significant
correlation was found between HHS and NMS. Moderate
to strong positive statistically significant correlation was
found between SF-36 domains: PF, BP, VT, PCS, pain cat-
egory of HHS, and total HHS and NMS. A moderate level

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):64-70

Previous studies have found that NMS was only
used for functional assessment of patients with hip
fractures [14, 15, 16]. In our study, NMS was used
for the first time to evaluate physical functional
recovery after primary hip arthroplasty in the elderly and
recorded the same significant improvement as estimated
by HHS and SF-36. Many papers assessed the PF of pa-
tients undergoing hip replacement surgery using different
PROMs. They provided a shortlist of the most promising
generic and joint-specific instruments [4, 5, 11, 12]. In
Gagnier et al. [4], seventy-three studies were investigated,
and 26 instruments were included, one of the most fre-
quently assessed instruments being HHS. This study opted
for physician-administered HHS, a widely used important
instrument for evaluating outcomes and predicting early
revision surgery after THA [6, 13, 21]. HHS and SF-36
are highly valid and reliable outcome measurement in-
struments, which we also used in this study. Mariconda
et al. [22] presented that HHS was the essential determi-
nant of SF-36 PCS and PF scale scores, showing that hip
functionality is critical in determining the patients’ general
functioning. The most important findings of the systematic
review and meta-analysis are that mid-term health-related
quality of life following THA is superior to preoperative
levels in a broad range of SF-36 domains and results in
patient satisfaction and specific functional gains [23].
Our study has proven statistically significant functional
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Table 3. Correlation coefficients between HHS, NMS, and SF-36 domains before and three months after the intervention in treatment and

control groups

Mitrovi¢ D. et al.

Before intervention

3 months after intervention

Group

HHS

NMS

HHS

NMS

Treatment group

r=0.737; p < 0.001

r=0.718;

p < 0.001

SF-36

Physical Functioning

r=0.715p <0.001

r=0.626 p <0.001

r=0.733 p<0.001

r=0.757 p < 0.001

Role-Physical

r=0.659 p <0.001

r=0.467 p =0.005

r=0.543 p=0.001

r=0.515 p=0.002

Bodily Pain

r=0.708 p < 0.001

r=0.454 p =0.006

r=0.380 p=0.024

r=0.305p=0.079

General Health

r=0.201p=0.246

r=0.196 p =0.259

r=0.616p <0.001

r=0.659p <0.001

Vitality

r=0.321p=0.060

r=0.186 p = 0.284

r=0.635 p < 0.001

r=0.513 p=0.002

Social Functioning

r=0.674p <0.001

r=0.470 p =0.004

r=0.323p=0.058

r=0.263p=0.133

Role-Emotional

r=0.378 p=0.025

r=0.146 p = 0.404

r=0.258p=0.135

r=0.209p=0.236

Mental Health

r=0322p=0.059

r=0.125p =0473

r=0.292 p =0.089

r=0212p=0.229

Physical Component summary

r=0.567 p<0.001

r=0.556 p=0.001

r=0.714p <0.001

r=0.757 p<0.001

HHS-Pain

r=0.527 p=0.001

r=0.218 p=0.208

r=0.583 p <0.001

r=0.424p=0.011

Mental Composite score

r=0.396 p=0.019

r=0.159 p=0.363

r=0214p=0.217

r=0.130 p = 0.463

Contro!

| group

r=0.695; p <0.001

r=0.733;

p <0.001

SF-36

Physical Functioning

r=0676 p <0.001

r=0.522 p=0.001

r=0.603 p <0.001

r=0.519 p=0.001

Role-Physical

r=0.319p=0.062

r=0.337 p=0.048

r=0.608 p <0.001

r=0.504 p =0.002

Bodily Pain

r=0.797 p <0.001

r=0.603 p <0.001

r=0.546 p=0.001

r=0.264p=0.125

General Health

r=0.243p=0.160

r=0224p=0.195

r=0.627 p <0.001

r=0.436 p=0.009

Vitality

r=0.398 p=0.018

r=329p=0.053

r=0.625p <0.001

r=0.501 p=0.002

Social Functioning

r=0.458 p = 0.006

r=0.380 p =0.024

r=0.530 p=0.001

r=0.223p=0.198

Role-Emotional

r=0.280p=0.103

r=0.195p =0.262

r=0.393 p=0.020

r=0.263p=0.126

Mental Health

r=0.280p=0.103

r=0.117p=0.503

r=0.542p=0.001

r=0.302p=0.077

Physical Composite score

r=0.632p <0.001

r=0.575p <0.001

r=0.704 p < 0.001

r=0.568 p < 0.001

HHS-Pain

r=0.715p < 0.001

r=0.474p=0.004

r=0.466 p = 0.005

r=0.228 p=0.187

Mental Component summary

r=0.292 p=0.089

r=0.175p=0.305

r=0.483 p=0.003

r=0.249p=0.149

HHS - Harris Hip Score; NMS — New Mobility Score

Table 4. Area Under the Curve (AUC) and P/N ratio cut-off points

Test result variable(s) AUC p 95% Cl lower limit | 95% Cl upper limit Cut-off Sensitivity Specificity
PCS postoperative 0.747 0.000 0.628 0.867 51.8 77 77
HHS postoperative 0.788 0.000 0.683 0.894 85.5 71 74
NMS postoperative 0.724 0.001 0.598 0.849 7.5 80 71

ROC Curve

08

06

Sensitivity

04

02

I

Source of the
Curve

- -~ PCS postoperative
— —HHS postoperative
----- NMS postoperative
— Reference Line

04 06

1 - Specificity

Diagonal segments are produced by ties.

08 10

Figure 2. ROC curves three months postoperatively

DOI: https://doi.org/10.2298/SARH200713005M

PCS - Physical Component Summary of SF-36; HHS — Harris Hip Score; NMS — New Mobility Score

improvement, predominantly in the treatment group, three
months postoperatively, assessed with all used measure-
ments: NMS, HHS and in virtually all domains SF- 36: PE,
RP, BP, SE, VT, MH, and physical summary component.
We found that correlation in treatment and control groups
between HHS and NMS was very strong. The correlation
in both groups between preoperative physical performanc-
es and pain was strong. Three months after arthroplasty,
the correlation between the treatment and control group
was strong to very strong between assessed physical per-
formances. Following surgery and both physical exercise
programmes (comprehensive and standard), we found a
moderate correlation in treatment group and moderate to
strong in control one between pain domain SF-36, pain

category HHS and functional ability HHS.

Pain and physical function represent different but re-
lated health concepts and interventions [7, 23]. Therefore,
separate assessments of these attributes were recom-
mended at the Outcome Measures in Arthritis Clinical
Trials conference [9, 10]. Results of the Terwee et al. [24]
study confirmed that self-report measures of PF are more

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):64-70
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influenced by the amount of pain experienced than perfor-
mance-based measures of PE. We have established a con-
nection between pain and PF following hip replacement
measured by specific HHS, NMS, and generic SF-36.

Elibol et al. [25] found moderate to strong correlations
between HHS and performance-based tests in evaluat-
ing patients with THA. In contrast, our study presented
a strong correlation between outcomes assessment HHS
and NMS in evaluating patients with THA.

ROC curves synthesized information on the sensitiv-
ity and specificity to discriminate significant functional
improvement in the treatment group, on the one hand,
and functional improvement in the control group. The
AUC is an effective and combined measure that describes
all measurements’ inherent validity used HHS, NMS, and
SF-36 [20]. The ROC curves of NMS with HHS and PCS
of SF- 36 were located closer to each other in “ROC space,’
which confirmed validity for NMS. Hoeksma et al. [26]
also used ROC curve to determine the ability of HHS and
SE-36, walking speed, and pain to measure clinically rel-
evant improvement after exercise therapy. In summary,
they showed that HHS could detect a small improvement
in hip function and recommended that it be used in reha-
bilitation interventions that focus on the improvement of
functional ability in patients with OA of the hip.

Kristensen et al. [27] suggest that NMS is a valid and
easily applicable score that provides a predictive value of
the short-term potential of the patient’s independence in
functional mobility during admission and discharge status.
Prieto-Moreno et al. [28] confirmed that NMS is a reliable
and valid outcome measure to assess the pre-fracture func-
tional status and cognitive impairment in older patients
with hip fracture in Spain. We agreed that the NMS is an
easy-to-use and quick-to-complete score that can be used
for all patients with hip surgery, based on the information
provided by the caregivers for the patients with functional
status [28]. We also found that a strong correlation be-
tween used outcome measurements confirms that NMS
is useful and important instrument for fast and relevant
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MepHa cBojctBa HoBor ynuTHMKA 3a NnpoL,eHy MO6MAHOCTU Y GYHKLMOHANHOM
ONOpaBKy CTapujux 0coba nocne ToTaNHe apTPONNACTUKE KYKa
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'KnuHnyko-6onHnukny LeHTap 3e3napa, beorpag, Cpbuja;

2KnunHnuko-6onHMYKM LieHTap 3Be3fapa, Cnyx6a 3a dusmnkanHy MeauumHy n pexabunutauujy, beorpag, Cpbuja;

*YHueepauTet y beorpagy, MeanunHcku pakyntet, beorpag, Cpbuja;

*KnuHnuKo-6011HMYKM LieHTap 3Be3fapa, KnnHnuko ogersere 3a repujatpujy,Mpod. ap Metap Koponuja’, beorpag, Cpbuja;
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8Akapemuja cTpykoBHUX cTyamja, Opcek Brcoka 3gpaBcTBeHa Wwkona, beorpag, Cpbuja;

°BojHO-MeAMLMHCKa akafiemuja, IHCTUTYT 3a HykneapHy MeauuuHy, beorpag, Cp6uja

CAMXETAK

YBoa/Lum Linb oBe cTyauje je aa ce naeHTUdMKyje n ncnuta
ynotpeba HoBor ynuTHuKa ckopoBatba mobunHoctu (HYC) y
npoLeHy GyHKLMOHANHOT OnopaBKa TPV MeceLia HakoH ToTasHe
apTponnacTuKe Kyka.

Metope Y nctpaxusatbe je ykibyuyeHo yKynHo 70 naumjeHata,
cTapujux of 60 roanHa, Koju cy 6vnv NoABPrHyTU TOTaNHOj
apTponnactium Kyka. icnutrneaHa rpyna je noaBprHyTa cee-
00yxBaTHOM NpOrpamy pexabunuraimje, a KOHTPOHA rpyna
cTaHgapaHoM. MprmapHu ncxod GyHKLUMOHANHOT OropaBkKa je
oLiereH XapncoBrM ynUTHUKOM 3a Kyk (XYK) n HYC, a cekyH-
AapHu ONwTM yNMUTHUKOM O 3apaBiby (SF-36). YnutHuum cy
nomnykaBaHn NpeonepaTBHO 1 TPV MeceLja MoCTonepaT!BHO.
Pesynrtatu VicnutneaHa rpyna je y OAHOCY Ha KOHTPOJTHY MOKa-
3ara 3HayajHuje NobosbLUaHE TPU MeceLia Moc/Ie apTPonIacTu-
Ke Kyka. Kopenauuja y o6e rpyne namehy XYK n HYC je 6buna
BP0 jaka (p > 0,700). Y ucnutmsaHoj rpynu je Tpu meceua
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nocTonepaTnBHO MNOKa3aHa jaka MoBe3aHoCT uamehy ykyn-
Hor ¢usmnukor onopaska (YOO) SF-36, XYK n HYC (r > 0,700),
yMepeHa f10 jaka n3mehy kateropuja 6ona, XYK (r = 0,380; r =
0,583) n HYC (r = 0,424). Y KOHTPONHO] Fpynu je nokasaHa jaka
Kopenauuja namehy YOO SF-36, XYK (r = 0,704) n HYC (r=0,568)
1 ymepeHa namehy kateropuja 6ona n XYK (r = 0,546; r = 0,466).
Moapyuje ncnop kpmse (AUC) nokasano je BanvaHOCT CBUX KO-
puwheHnx mepHux nHcTpymerara: AUC, - = 0,724, p = 0,001,
AUC,,, = 0,788, p= 0,000 n AUC,,, = 0,747, p = 0,001.
3akmyuak HYC moxe ycneLwHo aa ce KOpUCTU y PyTUHCKO]j
KJIMHNYKO]j NpoLeHn GyHKLMOHaNHOr OnopaBKa CTapujux na-
LmjeHaTa nocne ToTajiHe apTPOMIacTuKe Kyka.
VctpaxmBame je pernctpoBaHo y peructpy ISRCTN (https://doi.
org/10.1186/ISRCTN73197506).

KmbyuHe peun: Xap1coB ynuTHUK 3a KyK; HOBM YNUTHUK CKO-
poBakba MOGUNHOCTY; SF-36; Mepetbe UCXOAa; apTponIacTka
KyKa; pexabunutauuja; ROC KpriBa
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Association between bipolar affective disorder, use
of antidepressants and osteoporosis
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Ana-Marija Vejnovi¢'?

'University of Novi Sad, Faculty of Medicine, Department of Psychiatry and Psychological Medicine, Novi
Sad, Serbia;
“Clinical Center of Vojvodina, Clinic of Psychiatry, Novi Sad, Serbia

SUMMARY

Introduction/Objective Osteoporosis is one of the most common comorbid disorders in depressive
mood disorder. The aim of this study was to assess the association between the use of antidepressants
and osteoporosis in patients with bipolar affective disorder (BPAD).

Methods The study included 73 inpatients, aged 50-72 years, male and female, hospitalized with a depres-
sive episode of BPAD from 2016 to 2020 at the Clinic of Psychiatry, Clinical Centre of Vojvodina, divided
into two groups: a) the first group (40) was treated with selective serotonin reuptake inhibitors (SSRIs) in
combination with mood stabilizer (lithium carbonate/lamotrigine); b) the second group (33) was treated
with mood stabilizer only. Study included two control groups as well. Clinical measurements of bone
mineral density at lumbar spine and hip was made using dual energy X-ray absorptiometry. CrossLaps
and levels of calcium and vitamin D were collected from blood samples. The data was analyzed by the
analysis of variance and the Kruskal-Wallis test.

Results Osteoporosis was registered in 25% of patients in the first group and in 18% of patients in the
second group, while osteopenia was observed within 40% of patients in the first group and in 37%
of patients in the second group. There was significant difference in value of CrossLaps, and the level
of 25(0OH)D vitamin between the control groups and the first two groups, as well as in prevalence of
osteoporosis and osteopenia.

Conclusion Depressive episodes in BPAD is connected with higher prevalence of osteoporosis. Patients
treated with SSRIs have higher prevalence of osteoporosis than patients treated with mood stabilizers only.

Keywords: bone mineral density; depression; selective serotonin reuptake

INTRODUCTION

Depression has been reported as the most com-
mon mental disorder in the 21st century based
on its incidence and prevalence that have been
increasing constantly over the last decades,
not only in Serbia but in the majority of other
countries with valid health statistics [1, 2].
Besides the incidence rate, depression is sig-
nificant because numerous metabolic disorders
can result from an untreated or inadequately
treated mental disorder. Osteoporosis is one
of the most common comorbid disorders, es-
pecially in bipolar and unipolar mood disor-
ders. Nowadays, there is a risk of osteoporosis
becoming a “silent epidemic,” just like mood
disorders, which are both metabolic disorders.
According to the official statistics, every third
woman and every sixth man over 60 is affected
by osteoporosis [3]. The risk of these health
problems is growing substantially considering
the common comorbidity of mood disorders
and osteoporosis [4, 5]. Well-known risk factors
are biological predisposition, sex, age, positive
family history, low body weight and bad habits
(smoking, consuming alcohol, fast food, greasy
and poor-quality food, lack of physical activity)
as well as the use of certain medications (e.g.,

corticosteroids) 6, 7]. In addition to those risk
factors, it is not clear whether the same patho-
physiological processes take place in mood
disorders and osteoporosis [1, 2].

Common facts that prove the existence
of common pathophysiological processes in
both disorders are considered to be hypercor-
tisolemia, increased activity of the hypotha-
lamic-pituitary-adrenal axis, increased cyto-
kine activity (interleukin-6 (IL-6) and tumor
necrosis factor (TNF)), and a decrease in anti-
inflammatory interleukin activity (IL-10, IL-13)
as well as an increase in oxidative stress factors,
an increase in parathyroid hormone levels with
consecutive decrease of 25(OH)D vitamin, and
the decrease in estrogen levels in plasma [6,
8-11].

Although the association between depres-
sion and osteoporosis has not been clearly ex-
plained, recent studies suggest that depression
should be considered as an official risk factor
for osteoporosis [12]. Depressive disorder can
be represented as unipolar (depressive episodes
only), or within bipolar disorder, when depres-
sive symptoms are replaced or can overlap with
manic/hypomanic symptoms. Few clinical stud-
ies have been focused on monitoring the risk for
osteoporosis within bipolar patients [13].
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The aim of this study was to assess the association be-
tween developing osteoporosis and taking antidepressants
in patients with the diagnosis of bipolar affective disorder.

METHODS

The study included 73 patients, aged 50-72 years, both
male and female, hospitalized with diagnosis of bipolar
affective disorder [middle, recurrent, depressive episode,
more than 20 on the Hamilton Depression Scale (HAMD)],
2016-2020 at the Clinic of Psychiatry, Clinical Centre of
Vojvodina. Also, two control groups were included: a) the
first control group (30) included depressive patients with-
out psychopharmacotherapy; b) the second control group
(30) was formed of healthy volunteers.

Patients with psychopharmacotherapy (73) were di-
vided into two groups: a) the first group (40) was treated
with selective serotonin reuptake inhibitors (SSRIs) anti-
depressants (escitalopram, fluoxetine, sertraline) in com-
bination with mood stabilizers (lithium carbonate and/or
lamotrigine). Antidepressants were added to therapy due
to non-reactive depression; b) the second group (33) was
treated with mood stabilizers only, without antidepressants.

Sociobiographic and sociodemographic data were
collected, including information about all medication.
Diabetes mellitus, hypothyroidisms, hyperlipidemia, and
hypertension were the most common comorbidities. The
patients were under medication control. The diagnosis
of osteoporosis was based on the ICD 10 code. Clinical
measurements and assessment of BMD at lumbal spine
(L2-L4) and hip was made, using dual energy X-ray ab-
sorptiometry (DEXA). Also, CrossLaps and vitamin D and
calcium levels were ascertained from blood samples [14].

All the patients signed the consent according to the
Declaration of Helsinki. The study was approved by the
competent ethics committee of the Clinical Center of
Vojvodina, and conforms to the legal standards. For the
purpose of statistical analysis, IBM SPSS Statistics, version
21.0 (IBM Corp., Armonk, NY, USA) and JASP, version

Table 1. Type of psychopharmacotherapy

Cvjetkovi¢-Bosnjak M. et al.

0.14.1.0 (University of Amsterdam, Amsterdam, the
Netherlands) were used. Results were statistically analyzed
by one-way analysis of variance - ANOVA and Tukey’s
Honest Significant Difference post-hoc test as parametric
method of testing and by Kruskal-Wallis test with post-
hoc Mann-Whitney U-tests as a non-parametric method
of testing. The presence of osteoporosis or osteopenia was
ascertained using the analysis of contingency tables. A p-
value less than 0.05 was considered statistically significant.

RESULTS

The average age in the first group was 56.2 + 7.8 years, and
it was 55.9 + 4.3 years in the second group. In both control
groups, the average age was similar (55 * 3.3 years in the
first control group and 56.1 + 4.1 years in the second con-
trol group). Women were represented in a larger percent-
age in all groups: 66% vs. 34% and 67% vs. 33% (control
groups: 68% vs. 32% and 75% vs. 25%). Mood stabilizers
such as lithium carbonate and lamotrigine were included:
7.8 + 3.6 years in the first group, and 8.4 + 3.2 years in the
second group. Patients with comorbid physical disorders
(hypothyroidism, diabetes mellitus, and arterial hyperten-
sion) were also included in this study. All comorbidities
were adequately treated. Forty patients were administered
with SSRI antidepressants, which are indicated in the treat-
ment of moderate depressive episodes in combination with
amood stabilizer. Thirty-three patients were treated with
mood stabilizers as monotherapy. The following SSRI an-
tidepressants were administered: sertraline in 68% of pa-
tients in an average dose of 75 mg/day, escitalopram in 20%
of patients in an average dose of 10 mg/day, and fluoxetine
in 12% of patients in an average dose of 20 mg/day. The
average length of SSRI was 72 days (Table 1).

In Table 2 are presented values of indicators of osteo-
porosis in the patients of all four groups: osteoporosis was
registered in 25% of patients treated with mood stabilizers
and SSRI antidepressants and in 18% of patients treated
with mood stabilizers, while osteopenia was observed

First group Second group Third group Fourth group
SSRI and mood - Control group of patients with
Patients stabilizers in MO.Od stabilizers depressive disorder, without SSRI Control group of p
in therapy e . healthy volunteers
therapy (*SD) or mood stabilizers in therapy ( 5D)
(£ SD) - (£ SD) -

n=133 n =40 n=33 n=30 n=30 N?jisflfge?:;:ccaent
Age 562+7.8 559+43 55+43 542+32 N‘(’jisf'fz’r‘e'fr'fcae”t

Male 34% 33% 32% 25% N‘;isf}g?e'fr"ccae”t
Sex No sianifi

Female 66% 67% 68% 75% o significant

difference

Duration otherapy with 78436 84+3.9 ) ) No §ignificant
mood stabilizers (in years) difference
Dose of SSRls:
sertraline (68%) 75 mg/day B B ) B
escitalopram (20%) 10 mg/day
fluoxetine (12%) 20 mg/day

SSRI - selective serotonin reuptake inhibitor
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Table 2. Parameters of bone metabolism

73

First group Second group Third group Fourth group
Bone metabolism SSRI and mood Mood stabilizers ool @il G gt oo Control group of
- . . depressive disorder, without SSRI or p
parameters stabilizers in therapy in therapy mood stabilizers in therap healthy volunteers
(n=40) (+ SD) (n=33) (+ SD) (n=30) (+ 5D) J (n=30) (+ D)
25(0H)D vitamin 24.5+6.7° 291485 37.5+7.2° 51.1+11.4 <0.001%
(ng/ml)
Ca++ (mmol/l) 1.1+£0.1¢ 1+£0.1° 1.1+£0.1 1.1+0.1 <0.001*
-CrossLaps (ng/l) 760.9 £ 129.4° 780.5 + 84* 583.7 +£48.3° 380+ 84.9 <0.001*
ps (ng
Osteopenia 40%¢ 37% 32% 20% <0.01*
Osteoporosis 25%° 18% 16% 10% <0.01*

SSRI - selective serotonin reuptake inhibitor;

ap < 0.001 compared with the third and fourth group;

p < 0.001 compared with the fourth group;

‘p < 0.001 compared with the second group;

9p < 0.01 compared with the fourth group;

¢p < 0.01 compared with the second, third, and fourth group;
*significant difference

within 40% of patients treated with the combination of
SSRI and mood stabilizers and in 37% of patients treated
with mood stabilizers only. In the first control group, os-
teoporosis was detected in 16% of patients and osteope-
nia was present in 32% of the patients. In the group of
healthy volunteers, osteoporosis was presented in 10% of
examinees, while osteopenia was detected in 20% of ex-
aminees. There was no significant difference in the value
of CrossLaps and 25(OH)D vitamin between the first two
groups of patients. There was a significant difference be-
tween both control groups and other two groups in the
prevalence of osteoporosis and osteopenia as well as in the
value of CrossLaps and 25(OH)D vitamin.

Smokers were highly represented in all the patient
groups (98% in patients treated with SSRI vs. 99% in pa-
tients treated just with mood-stabilization medicaments).
In the control groups, smokers represented 86.5% of the
sample.

DISCUSSION

Numerous results indicate strong relationship between
use of antidepressants and osteoporosis. In addition to
undoubtedly common comorbidity of depression and os-
teoporosis, the measures for prevention and early diagnosis
need to be taken in order to have an early detection, treat-
ment and lowering of the complication and mortality rate
of both disorders [1, 4, 10, 11, 14].

According to the World Health Organization reports,
mood disorders represent a huge health problem in co-
morbidity with osteoporosis and there is no doubt that
unrecognized and untreated symptoms of depression, as
well as anxiety symptoms, extensive use of certain types of
antidepressants have been associated with an increased risk
of osteoporosis in the last decade [4, 15, 16]. Osteoporosis
is related to higher incidence of hip fracture in women
over 60 years old treated with therapeutic doses of SSRI
in comparison with depressive patients treated with other
antidepressants [17, 18]. The most supported assumption
in literature nowadays is that depression, as a separate
mood disorder, triggers the development of osteoporosis

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):71-76

through neuroendocrine and immune mechanisms as
well as through bad habits (poor nutrition, alcohol intake,
smoking, lack of physical activity) [3-5, 7, 15, 16]. The re-
sults have been controversial up to now, even though there
is still a large number of studies that do not support the
assumption that SSRI antidepressants play neuroendocrine
role in bone metabolism. However, all the data require
adequate choice of antidepressants for each individual pa-
tient together with consideration of all comorbidities and
received therapies.

Bone architecture and the risk of osteoporosis can be
assessed in a timely manner during therapy by measuring
the bone density, determining vitamin D status in bones, as
well as ionized calcium and other parameters of osteopo-
rosis. Vitamin D is very important for physical and mental
health. It is one of the key hormones in the regulation of
bone metabolism. Vitamin D deficiency could increase the
risk for low bone mineral density, or osteoporosis. Over
recent years there have been studies that point out that
vitamin D plays an important role in depression vulner-
ability [10, 15, 17]. It is interesting that an insufficient level
of 25(OH)D (less than 50 mmol/l) could be associated with
depressive disorder. Interestingly, lower level of vitamin D
is found in 40-50% of depressive patients. This is prob-
ably due to lifestyle in depression. Depressive patients are
very often heavy smokers, they sometimes abuse alcohol or
other psychoactive substances. Such behavior may lead to
hypovitaminosis [6, 19]. On the other hand, according to
some studies, people with lower level of vitamin D could
be at a greater risk of developing depressive disorders [20,
21]. Until now, the relationship between hypovitaminosis
D and depression remains unclear. The association be-
tween low level of D vitamin and depression probably
lies in homeostatic, trophic, and immunomodulatory ef-
fects of vitamin D [22, 23, 24]. New investigations also
show that vitamin D receptors are identified in the same
area of the brain associated with depression. In any case,
hypovitaminosis D may represent an underlying biologi-
cal vulnerability for depression [1, 17, 18, 23]. Although
there is still no evidence that treatment with vitamin D
supplements can reveal depressive symptoms, there is a
possibility that some subgroup of depression may greatly
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benefit from the treatment with vitamin D. Be as it may, it
is clear that vitamin D has a prominent role in the treat-
ment of depressive patients with low level of vitamin D.
In such patients, long-term supplementation of vitamin D
and calcium can increase bone mass and prevent fracture
and long-term invalidity. Depressive patients with osteo-
penia/osteoporosis, benefit the most from the combination
of adequate antidepressant therapy, psychotherapy, and,
if indicated, therapy with vitamin D supplements. Also,
there are studies suggesting that more intensive depression
is associated with a lower level of vitamin D [23, 24]. In
the present study, there was no relationship between the
level of vitamin D and the severity of depressive symptoms
measured with HAMD. In the future, an additional study
should be made on a larger sample of patients to investigate
if there is a connection between the low level of vitamin
D in the blood and the severity of depressive symptoms.
The benefits as well as possible adverse effects of re-
ceived therapy should be examined in every patient and
useful advice should be given to them on their way of life-
style and physical activity. In case it is necessary, bisphos-
phonates can be used for treating osteoporosis without any
risk of interaction with SSRI antidepressants. Schweiger
et al. [25] argue that osteoporosis of the spine has been
diagnosed in almost 15% of the patients who suffer from
depression — unipolar or bipolar — while numerous recent
studies show a considerably higher incidence of depressive
symptoms in women with vertebral and hip fractures [2,
8,9, 25]. In the adolescent population, girls who suffer
from anorexia and mood disorders are significantly more
affected by osteoporosis than the general population. For
the purpose of screening for osteoporosis, the National
Osteoporosis Foundation recommends using the DEXA
technique in women, aged 65 years and above and men
aged 70 years and above or in people who are older than 50
years and are at an increased risk of fracture [1, 3, 4, 9, 10].
Hypercortisolemia in depression is meant to be the pos-
sible neurobiological base for such hypothesis [8, 9, 19].
Depression causes the activation of the hypothalamic—pi-
tuitary-adrenal axis and this alteration, which could be
the crucial factor for the increased risk of osteoporosis
in depressed patients [1, 10]. Actual hypothesis considers
that corticotropin-releasing hormone and persisting high
level of cortisol in depressed patients lead to secondary
hypogonadism, which present one of the crucial risk fac-
tors for bone loss [1, 8, 14, 15, 21]. Such negative influence
could be responsible for higher incidence of osteoporosis
in patients with depressive symptoms, both in unipolar
and bipolar affective disorders compared to the general
population [1, 15, 17, 22]. According to the definition pro-
vided by the World Health Organization, osteoporosis is
a progressive systemic skeletal disease characterized by
reduced bone mineral density and bone microarchitecture
alteration, which contributes to the risk of fracture and dis-
ability [1, 2]. The incidence of osteoporosis is 8—10%, but
it is 10 times more common in women who reach meno-
pause - the osteoporosis has been diagnosed in almost 22
million women and about 5.5 million men in the European
Union [6]. The reduced bone mass and demineralization
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cause the bone to lose its strength and elasticity, which
significantly increases the risk of fracture even with mini-
mal trauma. According to the majority of the world’s sta-
tistics, it is considered that almost 70% of fractures occur
due to osteoporotic bones. Bone demineralization occurs
as a result of bone remodeling process due to increased
catabolic processes (increased osteoclast function and re-
duced osteoblast function). The osteoporosis is diagnosed
by using the bone densitometry or DEXA scan and bone
mineral density (BMD) described as a T-score and Z-score.
A T-score represents standard deviation of a patient’s BMD
from the average value of BMD of a person of the same sex
and constitution aged 20-30 years. The T-score between
-1 and -2.5 is classified as osteopenia and the score lower
than -2.5 is classified as osteoporosis [3, 20].

In addition to depression being considered a risk fac-
tor for osteoporosis, a considerable controversy has been
caused by the results of certain studies in the last 10 years
that show a possibility that certain types of antidepressants
can cause osteoporosis as well. This assumption refers to
the SSRIs type of antidepressants [12]. The mechanism of
the action of these “newer” antidepressants is based on pre-
venting the reuptake of serotonin at the presynaptic mem-
brane, which leads to an increase in the level of serotonin
in the synaptic cleft and its reuptake by receptors located
at the postsynaptic membrane. The SSRIs achieve their
antidepressant effect by binding to the serotonin trans-
porter (SERT) in the central nervous system. The possibil-
ity that these antidepressants trigger osteoporosis is based
on the discovery that functional serotonin receptors such
as SERT (for which SSRIs are bound to at allosteric sites)
are identified in osteoblasts, osteoclasts, and osteocytes.
The second possibility is that SSRIs lead to a decrease in
testosterone levels and an increase in prolactin level in both
sexes, which represents a risk for osteoporosis. The follow-
ing risk factors have a significant effect on the increased
incidence of osteoporosis: chronic diseases - thyroid and
parathyroid function disorders, hypogonadism, Cushing’s
and Addison’s disease, insulin-dependent diabetes, neuro-
logical disorders and digestive disorders. [1, 14, 19, 21, 22].

At risk from osteoporosis are not only the middle age
and elderly patients, but also the adolescent population
- girls who suffer from anorexia and mood disorders are
significantly more affected by osteoporosis than the general
population. With regard to undoubtedly common comor-
bidity of depression and osteoporosis, the measures for
prevention and early diagnosis need to be undertaken in
order to have early detection, treatment, and lowering of
the complication and mortality rate of both disorders [1,
4,10, 21, 22, 26].

CONCLUSION

The results of this investigation indicate that a middle
intensity depressive episode in bipolar affective disorder
is connected with a higher prevalence of osteoporosis.
Patients treated with SSRIs have higher prevalence of os-
teoporosis than patients treated with mood stabilizers only,
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skeleton, especially in patients already diagnosed with
osteoporosis or other familiar risk factors pertaining to

without antidepressants. In the future, larger cohorts of
patients should be included in this kind of study.

Prevention is undoubtedly better than treatment of os-
teoporosis, which, in case of treatment of depressive symp-
toms, implies the selection of adequate group of medi-
cines with respect to the age, initial status of the patient’s
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Nose3aHocT 6unonapHor adpekTeBHor nopemehaja, ynotpebe aHTMAenpecusa

n octeonopose

MwuHa LijeTkoBuh-bolwrak'? Munana OkaHosuh'? Carba MaBnosuh'? Onra XusaHosuh'? BecHa Bacuh'?,

AHa-Mapuwija BejHoBuR'2

'"YHusep3utet y HoBom Capy, MegmumHcku dakynteT, Kateppa 3a ncuxujatpujy n ncuxonolwuky meguuuHy, Hosu Cag, Cpbuja;
2KnuHuukn LeHTap BojBoauHe, KnuHuka 3a ncuxujatpujy, Hosu Cag, Cpbuja

CAXKETAK

YBoa/Lnm Octeonoposa je jeaaH o Hajuewhux komopbua-
Hux nopemehaja mehy 6onecHuLMMa ca fenpecMBHUM nope-
mehajem.

Linsb oBor ncTpaxumBatba je 61o Aa ce NPOoLIEHN NOBE3aHOCT
ynotpebe aHTUAENPECHBa Ca OCTEONOPO30M Kog 60s1ecHrKa
neyeHux og bunonapHor adpekTuBHOr nopemehaja.

MeTtope OBa cTyauja je obyxsatina 73 6onecHuKa, ctapa 50-72
rogvHe, 06a nosa, XoCnuTany3oBaHa 360r AenpecrBHe envope
6vinonapHor adekTBHOr nopemehaja, namehy 2016. n 2020.
roavHe, Ha KnuHuuw 3a ncuxujatpujy KnuHuykor ueHtpa Bojso-
AviHe. bonecHuLy cy nofesbeHu y iBe rpyne: a) npsa rpyna (40)
NleyeHa je cenekTMBHUM HXMOMTOPKIMa MOHOBHOT Npey3/Matba
CEPOTOHVHA Y KOMOMHALMj/ Ca CTabuN3aTOPOM PacronoXetba
(nnTnjym-kap6oHaT/namoTpurriH), 6) Apyra rpyna (33) Tpetupa-
Ha je camo cTabunuatopom pacrnonoxena. Cryauja je Takohe
00yxBaTW/a 1 Be KOHTPOJIHE rpyne UcnutaHuka. KnuHuuka
Mepetba MHEPasTHe ryCTVHE KOCTU Ha IyMOanHOj KUYMU U KyKy
13BefieHa Cy MeTOAOM ancoprLuyoMeTpuje PeHAreHCKX 3paka

DOI: https://doi.org/10.2298/SARH200811096C

[BOCTPYyKe eHepruje. i3mepeHu cy H1uBow Kanuujyma n [le-su-
TaMMHa 113 y3opaka KpBu 6onecHuka. Mogawum cy CTaTUCTAYKM
obpaheHn aHanu3om BapujaHce u Kpackan-BonrcoBum Tectom.
Pesynrtatu Octeonopo3a je perncrposaHa Kog 25% 6onecHuka
y NpBOoj 1 Kop 18% 6onecHuKa y Apyroj rpynu, OK je octeone-
Huja ycTaHOB/bEeHa Ko 40% y nNpBoj 1 Kog 37% 6onecHuka y
apyroj rpynu. [locToju cTaTMCTUYKK 3HavajHa pas3nnka y Bpea-
HocTVMa HuBoa CrossLaps n HuBoa 25(0OH) [le-BMTamMiHa, Kao
1y 3aCTYN/bEHOCTIN OCTEOMNOPO3E N OCTEONEHMje Y OAHOCY Ha
KOHTpOJHe rpyne.

3aksbyuyak [lenpecrBHa enu3ofa y 61nonapHom adpeKkTriBHOM
nopemehajy je noBesaHa ca Behom npeBaneHLIOM 0CTeonopo3e
Y OAHOCY Ha KOHTPOMHY rpyny. bonecHnum neyeHn cenekTms-
HVM UHX1OMTOPMIMa MOHOBHOT Mpey31Marba CepOTOHVHA UMajy
Behy npeBaneHLly 0cTeonopose y ofHOCY Ha 60NECHMKe feyeHe
Camo CTabunr3aTopom pacrnosioxerba.

KmbyuHe peuun: MyHepanHa rycTviHa KocTu; ienpecuja; cenek-
TVWBHO Npey3uMarbe CePOTOHUHA
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SUMMARY

Introduction/Objective The diffuse axonal injury has a very important place in clinical and forensic
aspects of neurotraumatology. A special challenge is proving it in situations of short survival (less than
two hours) after a craniocerebral injury.

The aim of this study was to determine the efficacy of beta-amyloid precursor protein (BAPP) immuno-
histochemical staining in postmortem diagnosis of axonal injuries in head injury survival shorter than
two hours, its expression, and distribution through the brain tissue of the deceased.

Methods 36 adult fatalities, both sexes, injured by acceleration-deceleration mechanisms were divided
into two groups: died up to two hours and died more than two hours after the injury. Inmunostaining
of brain tissue samples (frontal parasagittal white mass, genu and splenium of the corpus callosum and
rostral pons) was used to register BAPP positivity. Data were processed by methods of descriptive and
inferential nonparametric statistics, and p < 0.05 was considered statistically significant.

Results The BAPP immunopositivity was shown in 88.9% of cases (82.3% of < two hours group vs. 94.7%
of > two hours group). BAPP expression was enhanced towards the posterior structures of the brain.
The shortest survival period with detected BAPP immunopositivity was 20-25 minutes, in three cases.
There was an association of BAPP expression in the brainstem and interhemispheric/perimesencephalic
subarachnoid hemorrhage (p = 0.035).

Conclusion BAPP immunohistochemical staining is effective in proving diffuse axonal injury in casualties
that survived less than half an hour. Interhemispheric/perimesencephalic subarachnoid hemorrhage may

indicate a more severe form of axonal injury.

Keywords: craniocerebral trauma; diffuse axonal injury; fatal outcome; amyloid beta-peptides

INTRODUCTION

Diffuse axonal injury (DAI) is one of the most
common forms of diffuse brain injury. It is of-
ten present in traffic traumatism and can also
be seen after falls from height, and blows to the
head. Regardless of the mechanism of injury,
the basic biomechanical principle of DAT is the
acceleration-deceleration mechanism with ele-
ments of head rotation [1, 2]. The injury begins
with the direct action of mechanical forces that
cause the primary axonal injury followed by
the pathophysiological cascading process of
secondary axonal injuries that develops over
time (for hours and days). The primary axo-
nal injury occurs less frequently and to a lesser
extent, while the secondary axonal injury is
the dominant pathophysiological event [1, 3].
Clinically DAI is characterized by a prolonged
comatose state (over six hours) in the absence
of increased intracranial pressure or ischemic
processes. Modern magnetic resonance im-
aging (MRI) techniques are sensitive enough
to register the presence of an axonal injury
in patients who have survived craniocerebral
trauma long enough. Unfortunately, MRI is

not a routinely applicable diagnostic method
in the acute phase of diagnosis, immediately
after injury. The reason is the incompatibility of
the technical and procedural properties of MRI
and the unstable condition of the traumatized
patient who requires different types of support
for vital functions in the initial phase of care.
In this phase, computed tomography (CT) is
still an indisputable radiological diagnostic
method, but unfortunately it is insufficiently
powerful in the detection of axonal injuries.
Macroscopic pathomorphological manifesta-
tion of the axonal injury is often absent and not
visible during autopsy. Pathomorphologically
DALI is manifested by irregular axonal thicken-
ing, swelling (so-called varicosities) of partially
damaged axons, and axonal bulbs at the ends of
complete axonal tears [4]. These lesions are dis-
seminated and scattered mainly along with the
central brain structures: the parasagittal white
matter of the frontal lobes, corpus callosum, in-
ternal capsule, thalamus, brainstem, and some-
times in the white matter of the cerebellum.
Besides BAPP there are also other biomarkers
in DAI diagnostic: N-acetylaspartate, glial fi-
brillary acidic protein, S100 calcium-binding
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protein B, ubiquitin C-terminal hydrolase, neurofilament-
light etc. [5, 6, 7].

DALl is not exclusively of traumatic origin, but can also
occur as a part of the development of brain edema, cerebral
hypoxia, intoxication, etc. [8, 9]. Therefore, the term DAI
is often changed to the more specific name of a traumatic
axonal injury, which emphasizes its traumatic etiology. In
literature, the classification of axonal injuries according to
Adams is generally accepted [10]:

- grade 1: microscopically verified axoplasmic damage
in the white matter of the cerebrum, corpus callosum,
or brainstem;

- grade 2: grade 1 + focal lesions (bleeding) in the cor-
pus callosum;

- grade 3: grade 1 + grade 2 + focal lesions in the ros-
tral part of the brainstem and the upper cerebellar
peduncles.

Special forensic significance is the fact that DAI very
often ends in death, sometimes in a short period of sev-
eral hours. In these situations, the primary axonal injury
and the rapid decay of axons in certain, vital regions of
the brain play an important role. This is especially true
in cases where the axonal injury is the only intracranial
pathological change. Its presence proves the viability of
the injury (vital reaction), determines the exact cause of
death and the possible mechanism of the injury, which are
all crucial forensic issues.

The aim of this study was to test the efficacy of BAPP
immunohistochemical staining in casualties that survived
less than two hours after the injury, to examine the preva-
lence, distribution, and characteristics of the axonal injury
of the deceased.

METHODS

Brain tissue was collected during regular forensic autop-
sies at the Institute for Forensic Medicine of the Republic
of Srpska in Banja Luka, in the period from June 2017 to
the end of 2019. The study included fatalities in accel-
eration-deceleration mechanisms (traffic accidents, fall
from height, blows to the head), whose autopsies were
performed up to 24 hours after death. A total of 36 brains
of the deceased, both sexes, aged 18-81 years were col-
lected. Brain tissue samples from the parasagittal white
matter of the frontal lobe, anterior (genu) and posterior
(splenium) parts of the corpus callosum, the rostral part
of the pons with the upper cerebellar peduncles were tak-
en for the study. The sex, age distribution, and the mode
of injury (drivers/passengers in the vehicle, pedestrians,
cyclists, motorcyclists, falls from height and blows to the
head), brain mass, the Glasgow Coma Scale (GCS), frac-
tures of cranial bones, focal lesions, and the presence of
microbleeds in the brain tissue were observed. Exclusion
criteria were: deceased under 16 years of age, and cases
with confirmed neurodegenerative, inflammatory, or
global ischemic-hypoxic changes of the central nervous
system. The control group (10 subjects) consisted of brain
tissue of deceased who died from causes not related to

‘ DOI: https://doi.org/10.2298/SARH210728094N
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neurotrauma, without verified neurodegenerative, hypox-
ic-ischemic, hypoglycemic, and inflammatory changes of
the central nervous system. The police reports and medical
documentation determined the exact time and manner of
the injury, the time of death, and the period of survival.
During autopsy, all macroscopic craniocerebral injuries
were carefully registered. The brain was examined on 1
cm thick cross-sections while brainstem and cerebellum
were analyzed on 0.5 cm thick horizontal sections. Then,
tissue blocks were taken from: the parasagittal white matter
of the frontal lobe, the genu and splenium of the corpus
callosum, and the rostral part of the pons. After fixation
in a buffered solution of 10% formalin, standard molding
and preparation of histological specimens was performed.
Hematoxylin-eosin staining excluded pathological changes
in brain tissue such as diffuse edema, brain atrophy, degen-
erative, inflammatory, general hypoxic-ischemic changes,
and verified possible microbleeds.

For immunohistochemical staining we have used:
monoclonal antibodies to BAPP (BAPP - Monoclonal
Mouse Anti-Human B-Amyloid, clone 6F/3D, dilution
1:50 DAKO, Glostrup, Denmark), labeling of the anti-
gen-antibody complex with streptavidin-biotin method
(DAKO, K 0690), and visualization of tissue sections
by dropping diamino-benzidine (DAKO, code 3466).
Immunohistochemical staining registered 8APP positiv-
ity on the analyzed sections through the presence of axonal
bulbs and/or varicosities, and it was semiquantitatively
assessed by the Gentleman's scale [11]:

- “0” no staining;

- “+” weak positivity (isolated, sporadic scattered axo-

nal varicosities);

- “++” typical positivity (grouped axon bulbs and vari-
cosities);

- “+++7 strong positivity (diffusely spread, involving
larger parts of the visual field or bundles of nerve
fibers).

DAI grading was performed according to the Adams
classification [10]. To check the efficacy of the selected
BAPP immunohistochemical technique in cases of short
survival, two groups were formed, adjusted by sex, age,
and mechanism of injury: group I - 17 brains of deceased
who died within two hours after the injury, and group
IT - 19 deceased who survived over two hours. The con-
sent of the Ethics Committee of the University Clinical
Center of the Republic of Srpska in Banja Luka was ob-
tained for this research. Statistical analysis was performed
with SPSS 16.0 software (SPSS Inc., Chicago, IL, USA).
Sex, age distribution, and mode of injury were presented
numerically, as a percentage and medians. Nonparametric
x> and Fisher’s exact test were used to compare categorical
variables and to check the interconnection of individual
variables. The Kruskal-Wallis and Mann-Whitney U tests
were used to test the differences in the distribution of in-
dependent features with the ordinal scale of measurement.
The Spearman’s rank correlation coefficient was used to
analyze the correlation of the two features with the ordinal
scale of measurement. The statistical significance threshold
was p < 0.05.

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):77-82



Efficacy of BAPP immunostaining in the detection of diffuse axonal injury

Table 1. Demographic characteristics, mechanism of casualties and associated cra-

niocerebral injuries in observed groups and total

Table 2. Distribution of BAPP immunoexpression in the
observed brain regions (total)

Values are presented as numbers (%), median and range for years; AssCraniolnjuries —

associated craniocerebral injuries; HED - epidural hemorrhage; HSD - subdural hemorrhage;
SAH - subarachnoid hemorrhage; IVH - intraventricular hemorrhage; CCH - corpus callosum
hemorrhages; BSH - brainstem hemorrhages; Pet. hemorrhages - petechial hemorrhages; p

value - x? and Kruskal-Wallis* test; boldface type indicates statistical significance

RESULTS

Table 1. shows basic demographic data, mechanism of in-
jury and associated craniocerebral injuries by group and in
total. In our sample, male gender and traffic accidents as a
mechanism of injury were dominant. The most common
associated craniocerebral injuries were subdural hemor-
rhage (HSD), subarachnoid hemorrhage (SAH) and skull
bone fracture. Statistical comparison of these variables
between groups revealed a significant difference only in
the presence of brain tissue contusions, which were signifi-
cantly more often present (14 contusions) in the group that
survived longer (x> p = 0.003; Kruskal-Wallis p = 0.000,
Mann-Whitney U p = 0.000).

Axonal injury

On a total sample of 36 brains, BAPP immunopositivity
was demonstrated in 32 cases or 88.9%. According to the
observed brain regions, in the parasagittal white matter,
the axonal injury was confirmed in 75% of cases, in the
genu of the corpus callosum 72.2%, in the splenium of the
corpus callosum 77.8% and in the pons 77.8%. According
to the Adams classification of the severity of the axonal
injury, grade 1 of DAI was found in 20 (55.6%) cases, in
nine cases grade 2, and grade 3 in three cases. BAPP immu-
nostaining revealed a fairly even distribution of the axonal
injury through the observed regions of brain tissue, with
a noticeable shift in the expression intensity to the poste-
rior structures of brain tissue and the highest frequency

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):77-82

Variables Total < two hours | > two hours BAPP | Front.(N) | CCG (N) CCS(N) | Pons (N)
(36 cases) | (17 cases) (19 cases) p + 15 8 8 7

ﬁgs ()é')ears): median | 51 (15_81) | 45(19-81) | 54(18-81) 0302 ++ 10 16 17 9

: 9 et 2 2 3 12

ex:

male 30(833) | 15(882) | 15(789) 0472 0 o 10 8 8

female 6(16.7) 2(11.8) 4(21.1) BAPP - beta amyloid precursor protein; Front. — parasagittal

Mechanism of injury: white matter of the frontal lobe; CCG - genu of corpus callo-

) ’ sum; CCS - splenium of corpus callosum; + - weak positivity;
drlver/passenger 12(33.3) 7(41.2) 5(26.3) ++ — typical positivity; +++ — strong positivity; 0 - negative
pedestrlar? _ 10 (27.8) 4(23.5) 6(31.6) 0372 BAPP immunoexpression
motorcyclist/cyclist 8(22.2) 4(23.5) 4(21.1)
fall from height 4(11.1) 2(11.8) 2(10.5)
blow to the head 2(5.6) 0(0.0) 2(10.5) . e e .
Glasgow coma score: of strong immunopositivity in the pons region
<8 30(83.3) 14 (82.4) 16 (84.2) 0.475 (Table 2, Figure 1). Spearman’s correlation
9-12 6(16.7) 3(17.6) 3(15.8) test confirmed a weak relationship between
AssCraniolnjuries: the presence and intensity of axonal injuries
ﬁ?g'al fractures 22 5276?) 13 0(306)‘5) ! 25 ((1708'59)) 8?23 in the parasagittal white matter of the frontal
HSD 30 (83.3) 14 (82.4) 16 (84.2) 0881 lobe and the anterior parts of the corpus cal-
SAH 28(77.8) | 14(824) 14.(73.7) 0.532 losum (r = 0.395), and a moderately strong
ICVCHH 3? Egg'zi 162 (275056)) 151 ((2567:39)) g'ggg association between the posterior parts of the
BSH 4(11.1) 3(17.6) 1(5.3) 0238 corpus callosum and the rostral region of the
Contusions 18 (50.0) 4(23.5) 14 (73.7) | 0.003 (0.000%) brainstem (r = 0.627).

Pet. hemorrhage 11 (30.6) 5(29.4) 6(31.6) 0.888 In the group of deceased that survived up to

two hours, PAPP immunostaining showed the
presence of a DAI in 14 brains (82.3%), while
in the group where the deceased survived
more than two hours, BAPP immunopositiv-
ity was present in 18 of 19 cases (94.7%). The
shortest survival period in which fAPP im-
munostaining confirmed an axonal injury was about 20-25
minutes, in three cases. The first case was a 30-year-old
man, a cyclist, with a weak expression in the splenium of
the corpus callosum (+) and a typical immunopositivity in
the pons (++). Second case was a 35-year-old male, pedes-
trian, with weak immunopositivity in the white matter of
the frontal lobe (+), typical through the corpus callosum
(++) and very strong in the pons (+++). The third case
was a 34-year-old man, a car driver, with a verified axonal
injury in the frontal white matter (++), splenium of the
corpus callosum (+), and pons (+++) (Figure 2). In the first
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Figure 1. BAPP immunopositivity in the pons of a deceased who sur-
vived trauma for 50 hours; numerous, almost parallel-oriented, varicose
thickened axons; a 54-year-old male, cyclist; BAPP immunostaining,
40 x magnification
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Figure 2. BAPP immunopositivity in the pons of deceased who sur-
vived trauma for 20-25 minutes; there are pronounced axonal bulbs
and more discreet axonal varicosities that extend through the pons; a
34-year-old male, car driver; BAPP immunostaining, 40 X magnification

two cases, there were similar associated craniocerebral in-
juries: fracture of the roof and base of the skull, HSD, SAH,
intraventricular hemorrhage and brainstem hemorrhage,
with petechial hemorrhage in the white matter and corpus
callosum in the first case. In the third case, in addition to
the axonal injury, less pronounced HSD and SAH were
found. When comparing the efficacy of BAPP immunos-
taining in the both groups, there was no statistically signifi-
cant difference between observed regions (Table 3). The ¥
test showed statistical significance between the presence of
petechial hemorrhages in the parasagittal white matter of
the frontal lobes and the axonal injuries in the anterior part
(genu) of the corpus callosum (p = 0.023) but the associa-
tion of petechial hemorrhages with the axonal injury in the
white matter of the frontal lobes has not been confirmed
(p = 0.064). The association of PAPP immunopositivity
expression in the brainstem with diffusely disseminated
and interhemispheric/perimesencephalic localized SAH
was found (p = 0.035).

Table 3. Comparison of BAPP immunopositivity in the observed brain
regions by groups

BAPP Front. (N) CCG (N) CCS (N) Pons (N)
<2h>2h | <2h>2h | <2h>2h|[<2h>2h
+ 8 7 2 6 2 6 2 5
++ 5 5 7 9 11 6 5 4
+++ 0 2 1 1 0 3 7 5
0 4 5 7 3 4 4 3 5
9] 0.557 0.290 0.095 0.547
0.706* 0.051* 0.283* 0.394*

BAPP - beta amyloid precursor protein; Front. - parasagittal white matter of
the frontal lobe; CCG - genu of corpus callosum; CCS - splenium of corpus
callosum; + — weak positivity; ++ - typical positivity; +++ — strong positivity;
0 - negative 3 APP immunostaining; p - x* test, *Kruskal-Wallis test

In the control group (five males and five females, aged
21-77 years), six died of natural causes, three due to as-
phyxia and one of the consequences of stab wounds to the
chest, without verified mechanical head injuries. Brain tis-
sue immunostaining for BAPP was negative in all observed
brain regions in all ten cases.
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DISCUSSION

Over two-thirds of the victims with DAI are active work-
ers. Men in traffic accidents are the most common casual-
ties. This is in line with the results of other studies on DAI
and craniocerebral trauma [12, 13]. The measured GCS
values in the vast majority of casualties in this research
indicated severe craniocerebral injury. The remaining,
smaller number of cases with more favorable GCS (9-12)
showed milder forms of DAI. Although not statistically
significant, such distribution of GCS values is quite con-
sistent with the fatal injury outcome and views that GCS
is one of the indicators of severity of craniocerebral in-
jury and recovery outcome predictor [14, 15]. In severe
craniocerebral injuries with a fatal outcome, we most of-
ten saw a polymorphic pathomorphological image: skull
fractures, various types of intracranial hemorrhage, and
brain contusions with associated diffuse injuries of brain
tissue, including axonal injuries. The available literature
describes links between intraventricular hemorrhage and
the presence of an axonal injury in the corpus callosum
and pons [16]. In our study, such results were not con-
firmed and there was a significant association between
DAT and most of the observed associated craniocerebral
injuries. The connection between the expression of the
axonal injury in the pons with SAH (interhemispheric and
perimesencephalic), as well as diffusely spread SAH is dis-
tinguished. Similar results are described in recent studies
[17, 18] which emphasizes the need for further research
on whether this type of SAH can serve as a marker of se-
vere DAI already in the initial phase of diagnosis (CT) and
treatment of these patients. In forensic terms, this could
indicate a very similar mechanism of injury by shearing
forces of different layers of brain tissue and accompanying
blood vessels. The association of petechial hemorrhage
in the white matter of the frontal lobes and the axonal
injury in the anterior segment of the corpus callosum,
in this study, was not followed by the same relationship
between petechial hemorrhage and axonal injury in the
same localization (white matter of the parasagittal frontal
region), although the significance level (p = 0.064) is at the
very border of significance. These results do not contradict
current views on the connection between microbleeds and
axonal injuries [19, 20], but also do not confirm them with
certainty. Reasons for this may be found in inconsistent
research methodologies, the method of measuring the
severity of certain types of injuries, etc. From the forensic
point of view, cases where the axonal injury is a solitary
craniocerebral injury are especially interesting. There were
only two such cases in our study; the first is a 19-year-old
young man, a car driver who survived for about 50 min-
utes, with a very strong immunopositivity in the brainstem
and weak expression in the frontal white matter. The other
was a 50-year-old man, a driver who survived six and a
half hours, with typically pronounced immunopositivity
in the corpus callosum and brainstem while a weak APP
immune reaction was found in the frontal white matter.
However, in both cases, there were associated injuries of
other organ systems (contusions of lung tissue, fractures
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of long bones, lacerations of the liver, etc.) which were not
necessarily fatal but certainly contributed to the fatal out-
come. We believe that the strong expression of the axonal
injury in the brainstem in the first case, as well as the typi-
cal expression of the axonal injury through the brainstem
and corpus callosum in the second case, can be considered
as the immediate cause of death within the experienced
polytrauma. No significant differences were found be-
tween the observed groups in terms of the prevalence of
associated craniocerebral injuries, except in the case of
brain contusions. Brain contusions were significantly more
common in the group that survived longer. The probable
explanation is that brain tissue contusions develop as a
function of time and often progress in the posttraumatic
period. In that way, the minor contusion injury, seen at
the beginning, spreads over time and becomes easier to
see visually. This expansion of the contusion focus was
registered during the first 12 hours, sometimes the first 3-4
days after the injury, in which microvasculature lesions in
the contused region and the release of transcription factor
1 and nuclear factor kappa B play an important role [21,
22, 23]. Expression of BAPP immunopositivity on a total
sample close to 90% confirms the view of Gentleman et al.
[11] that DAI is almost a regular finding in the case of a fa-
tal blunt force head injury. In casualties that survived up to
two hours, the immunopositivity is only slightly lower, but
still over 80%, so we did not establish a significant differ-
ence between the observed groups. This study confirmed
that BAPP immunostaining showed high sensitivity and
efficacy in detecting axonal injuries in persons who died
in a period much shorter than two hours. The shortest
survival period with a positive PAPP immune reaction was
about 20-25 minutes, confirmed in three cases. All three
cases had been associated with various focal craniocerebral
injuries. A similar short survival period in which BAPP
immunostaining was successfully obtained is reported by
Hortobagyi et al. [24].

The distribution of PAPP immunopositivity is fairly
even throughout the observed regions of the brain, which
corresponds to the notion of axonal injury as a diffuse
cerebral injury. However, it is evident that the expression
of PAPP immunopositivity increases from the anterior to
the posterior structures of the brain (weak positivity is
most common in the frontal white matter, typical through
the corpus callosum and strong in the rostral parts of the
brainstem). This finding is expected given the vital impor-
tance of brain regions such as the brainstem and corpus
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The limitations in this study were the relatively small
total sample and the suboptimal number of different lo-
calizations from which brain tissue samples were taken for
specific immunostaining. Data on the presence of axonal
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CONCLUSION
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EkcnpecuBHOCT M aucTpubyumja 6eta ammnongHoOr NPeKypPCopHOr NPOTEUHCKOT
MMYHOMapKepa Yy A0Ka3nBakby AndY3He aKCOHCKe nesmje

Hann6op Heguh', Bnagumunp Munuja?, Agnc Cannxberosuh’

'3aBop 3a cyAcky meauumHy Penybnuke Cpncke, bama Jlyka, BocHa v XepLerosuHa;
2KnuHuuky LeHTap BojBoauHe, LieHTap 3a cyacky MeauLIMHy, TOKCUKONOTUjy 1 MoneKynapHy reHeTnky, Hosu Capg, Cpbuja;
YHnBep3uTeT y CapajeBy, MegnumHcku dpakyntet, MHCTUTYT 3a cyncky meguuuHy, CapajeBo, bocHa u XepLerosuHa

CAXETAK

YBog/LUurmb [udy3Ha akcOHCKa Ne3uja rma BaxHy ynory y ca-
BpPEMeHOj HeypoTpayMu, Y KNMHUYKOM Kao 1 GOpeH3NYKOM
acnekTy. [ocebaH 113a30B je HeHO OKa3VBatbe y CUTyalimjama
KpaTKor HaJpKrB/baBatba KpaHroLepebpanHe NoBpese, UCNog
[Ba caTa.

Linmb oBor pafa je yTBpAUTY ePUKaCHOCT MYHOXICTOXEMMCKOT
60jerba 6eTa aMUIOUAHOr NPeKypcopHor npotenHa (BAPP) y
NMOCTMOPTASIHOj ANjarHOCTMLIM aKCOHCKeE Ne3uje KOA HafKnBIba-
Bakba MOBpefe raBe Kpaher o fiBa caTa, heroBy ekcnpecujy 1
ANCTPUOYLMjy KPO3 MOXAHO TKBO CMPTHO CTPaAanmXx.
MeTope Y30pak of 36 CMPTHO CTpaganux, ogpacie gobu, oba
nona, y akLenepaumjcko-geLenepaLmjckum mexaHm3amMmma,
NofesbeH je y iBe rpyrne: yMpav Ao fiBa caTa 1 yMpAu nocne
BULLE Of ABa caTa of nospehmBatba. IMyHOXMCTOXeMMjCKIM
60jerbeM y30paka MOXAaHOT TKMBa (GppoHTanHa napacaruTanHa
6ena maca, reHy 1 CrIeHVjyM KOpMycC KNlasio3yMa, poCcTpasiHy
[e0 MoHca) perncTpoBaHa je SAPP NO3UTUBHOCT aHaNU3MpPaHnX

Ball: https://doi.org/10.2298/SARH210728094N

ncevaka. [lobujeHun nogaum obpaheHn cy meToaama Aeckpur-
TUBHE 1 MHPepeHUMjaHe HenapamMmeTpujcke CTaTUCTHKE, ca
HMBOOM CTaTUCTUYKe 3HayajHocTu p < 0,05.

Pesynrtatu SAPP uMyHono3nTBHOCT noTBpheHa je Koa 88,9%
cnyyajeBa (82,3% ympnux fo aBa cata 1 94,7% ympnux nocne
BULUE oA fBa caTa). BAPP nMyHOMO3UTMBHOCT Ce MojayaBa Ka
3aAtbVM CTPyKTypama mo3ra. Hajkpahu nepuop Hagxuerba-
Batba Ca feTektoBaHOM BAPP umyHonosutrsHowhy je 20-25
MUWHYTa, y TpY ciyyaja. YoueHa je noBesaHocT BAPP ekcnpecuje
y MOXAaHoM cTabny ca nHTepxemmcdepryHo/neprmeseHeda-
NINYHOM cybapaxHouaanHom xemoparujom (p = 0,035).
3aksbyuak SAPP nMyHOXVCTOXeMUjCKO 6ojere nokasyje edu-
KaCHOCT y AoKa3vBatby Avdy3He akCOHCKe Nie3unje Koa HampKu-
B/baBaa Kpaher o nona cata. iHTepxemmchepuyHo/nepume-
3eHUedannyHo NoKanM3oBaHa cybapaxHouganHa Xxemoparuja
MOXe yKa3uBaTh Ha Texke popMe Ardy3He akCOHCKe nesuje.
KrbyuHe peun: kpaHuoLepebpaHa Tpayma; Andy3Ha akcoHCKa
ne3wja; CMPTHU NCXOoA; 6eTa aMUNOVAHN NenTug
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SUMMARY

Introduction Posttraumatic splenic cysts are most commonly the result of blunt force trauma to the
abdomen. They usually develop from subcapsular or intraparenchymal hematomas and are typically
asymptomatic. Diagnostics includes clinical history and radiological imaging procedures. Surgical treat-
ment is the only curative modality of treatment.

Case outline A 43-year-old female patient, without comorbidities, was admitted to the health institu-
tion for additional diagnostics and surgical treatment. Laboratory test results were within the reference
ranges, while serological test results for hydatid disease were negative. An abdominal CT examination
was subsequently performed confirming a splenic cyst positioned in the central part of the spleen. After
a laparoscopic partial pericystectomy of the cyst, we identified another smaller cyst of the spleen. Ac-
cording to the estimation of the surgical team, the intraoperative appearance of the remaining tissue of
the spleen was less than a third of the entire spleen. The decision was taken to perform a splenectomy
in the best interests of the patient, bearing in mind the possibility of complications

Conclusion Accurate diagnosis of posttraumatic splenic cysts remains a challenge, despite state-of-the-art
radiological imaging procedures that are applied. In addition to the well-known modalities of treatment,
the laparoscopic surgical approach, i.e., minimally invasive treatment, should be the one of choice, if the
situation allows it. The laparoscopic approach is a diagnostic and therapeutic method whose effect can
especially be observed when the intraoperative finding differs from the preoperative radiological finding.

Keywords: spleen; splenic cyst; laparoscopy; partial pericystectomy

INTRODUCTION

Posttraumatic or secondary splenic cysts (SSC)
are most commonly the result of blunt force
trauma to the abdomen. According to the lit-
erature, the prevalence of SSC is 75-80% of all
splenic cysts [1]. They usually develop from
subcapsular or intraparenchymal hematomas.
They are also called pseudocysts, as there are no
epithelial cells in their outer wall, which is the
main difference from true splenic cysts [1, 2].

These cysts are typically asymptomatic, al-
though, in larger cysts, symptoms may occur in
the form of abdominal discomfort especially in
the left upper quadrant, occasional pain, nau-
sea, and other nonspecific symptoms [2].

Diagnostics includes clinical history and
abdominal ultrasonography; however, some
more data can be obtained with computer-
ized tomography (CT) and nuclear magnetic
resonance imaging (NMRI) of the abdomen.
Nevertheless, caution is advised, given that, as
data available in current literature indicates,
around 10% of splenic cysts are misdiagnosed.
Differential diagnostics are most often consid-
ered: abscesses, hematomas, and primary cysts
of the spleen [3, 4].

The only curative modality of treatment is
surgical treatment, which can include less radi-
cal procedures through a minimally invasive
approach, as well as splenectomy [1, 5].

The aim of this paper is to present an op-
erating technique, with an emphasis on the
importance of the intraoperative finding in
reaching a decision on definitive treatment of
posttraumatic splenic cysts.

CASE REPORT

This report presents a 43-year-old female pa-
tient, in good general health, without comor-
bidities, who was admitted to our department
for additional diagnostics and management
complaining of indeterminate abdominal
symptoms. The clinical history showed that she
had an allergy to iodine and contrast agents and
that she had a skiing accident four years earlier.
Several weeks after, a splenic cyst (4 x 3 cm)
was diagnosed by abdominal ultrasound ex-
amination. Since then, throughout the regular
check-ups, the cyst showed an increase in size
compared to the previous examination. Prior
to hospitalization, the patient felt symptoms in
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the form of discomfort and non-specific pain in the upper
left quadrant of the abdomen, especially during physical
activity.

Upon admission, an abdominal ultrasound was per-
formed, which confirmed the finding of a cystic mass in
the central part of the spleen. Laboratory test results were
within the normal ranges. Serological test results for hyda-
tid disease were also negative. An abdominal CT examina-
tion was subsequently performed confirming a splenic cyst
which was 7 x 6 cm in size and predominantly positioned
in the central part of the spleen, with the intracystic fluid
density of 23 Hounsfield units (HU) (Figure 1).

After the diagnostic procedures were completed, a deci-
sion was made to carry out surgical treatment. Bearing in
mind the experience of many years in minimally invasive
splenic surgery, the strategy was to perform partial peri-
cystectomy.

With the patient under general anesthesia, pneumoperi-
toneum was created with the use of the Veress needle. The
patient was previously placed in the right lateral position
in relation to the operating table. After the placement of
working ports on the sites typical for this type of proce-
dure, and after the introduction of the laparoscope, apart
from a large splenic cyst with marked white discoloration
of the capsule, as compared to the parenchyma. First, cyst
puncture and the aspiration of the cyst content were per-
formed. Next, partial pericystectomy with the removal of
the cyst wall was carried out, up to the margin of healthy
splenic tissue (Figure 2), using a harmonic scalpel (Ethicon
Endo-Surgery, Inc, Cincinnati, OH, USA).

Then, to the surprise of the surgical team, a new cyst
was identified laterally to the site of the previous cyst and
towards the splenic hilum. This cyst was smaller, with the
same characteristics as the larger one, and with no com-
munication with the previous cyst (Figure 3).

The second cyst was treated in the same way as the first
one. According to the estimation of the surgical team, the
intraoperative appearance of the remaining tissue of the
spleen was less than a third of the entire spleen. The deci-
sion of the team, at that moment, was to complete the pro-
cedure as planned preoperatively. However, a small amount
of fresh blood appeared in the cavity of the larger cyst,
and on the inner wall of the larger cyst. The decision was
taken to perform a splenectomy in the best interests of the
patient, bearing in mind the high possibility of bleeding.
Laparoscopic splenectomy was performed in the standard
manner, with the use of the aforementioned laparoscopic
harmonic scalpel for dissecting the ligament system of the
spleen and sealing the short gastric arteries. The vascular
elements of the hilum were managed with an endovascu-
lar stapler (EndoGIA, Autosuture, Covidien, Mansfield,
MA, USA). After complete mobilization and separation
from the surrounding structures, the spleen was placed in a
polyethylene bag for extraction (EndoCatch II, Autosuture,
Covidien), within which the destruction and fragmenta-
tion of the remaining splenic tissue was performed, with
the use of surgical instruments. The fluid aspirated from
both cysts, parts of the cyst walls and the remaining splenic
tissue were sent for pathohistological (PH) examination.

‘ DOI: https://doi.org/10.2298/SARH211010103M
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Figure 2. Image of partial pericystectomy and biopsy material sam-
pling

Figure 3. Intraoperative image of the spleen after the treatment of
both cystic lesions

PH analysis confirmed a definitive finding of second-
ary pseudocysts of the spleen. The cyst walls were without
epithelial tissue, and the cyst content without any special
characteristics, while the remaining splenic tissue was also
histomorphologically normal.

Postoperative recovery was uneventful. The patient
was discharged from hospital on the third postoperative
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Splenic cyst following trauma, the intraoperative decision on definitive management

day with prescribed prophylactic antibiotic treatment and
postoperative immunization.

All procedures performed were in accordance with the
ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
Written consent to publish all shown material was obtained
from the patient.

DISCUSSION

SSC comprise around 2/3 of all splenic cysts, and blunt
abdominal trauma is considered to be the main cause of
their formation. Most of them (80%) are unilocular; mul-
tilocular cysts are a rare finding [1, 6].

In our patient, the formation of the secondary cyst was
linked to a previous abdominal trauma, similar as the
most cases reported in literature. What makes this case
characteristic is the fact that, despite the use of the mod-
ern imaging diagnostic, the second splenic cyst remained
unnoticed.

SSC are not common and usually remain undetected,
since they are mainly (30-60%) asymptomatic [7].

The diagnostics of these lesions should, in addition to
the data obtained through anamnesis, include serological
tests for hydatid infection, especially in endemic areas, as
well as modern radiological imaging procedures, such as
CT and NMRI [4, 8].

Surgical treatment presents the only safe and efficient
treatment modality. Besides the complete splenectomy;,
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there are also less radical surgical procedures, such as de-
capsularization, unroofing, partial pericystectomy, and, to
a certain extent, partial splenectomy [1, 8, 9].

There are data in the literature on the effectiveness of
sclerotization with alcohol as well as on percutaneous
treatment known as PAIR (puncture, aspiration, injection,
reaspiration) [10, 11]. The insight into the effectiveness of
these techniques is limited to a small number of case re-
ports, without larger series and without data on long-term
follow-up of patients treated in this way.

Most authors suggests that caution is necessary in ap-
plying these procedures due to a high recurrence rate
and the possibility that the cyst could be a diagnostically
unrecognized parasitic cyst, which is why these methods
should be reserved for patients in whom surgical treatment
is contraindicated or who refuse surgery [1, 5, 7].

Accurate diagnosis of posttraumatic splenic cysts re-
mains a challenge, despite widely available state-of-the-
art radiological imaging procedures. In addition to the
well-known treatment modalities, the laparoscopic surgi-
cal approach should be also considered. The minimally
invasive approach is at the same time a diagnostic and a
therapeutic method, and such an approach is particularly
effective when the intraoperative finding differs from the
preoperative radiological finding. Finally, minimally in-
vasive surgery offers excellent cosmetic results compared
to open surgery. The cosmetic effect should not be the
most important deciding factor, but is an important detail,
especially in younger people.
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MocTTpaymatcKa uucra cnesmHe, MHTpaonepaTUBHa O4/1yKa O AEd)VIHMTMBHOM

TpeTMaHy
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CAMETAK

YBop NocTTpaymaTtcke Uucte cnesuHe Hajuelwhe cy nocneavua
Tyne TpayMe abgomeHa. O61YHO HacTajy 13 CymKancynapHUX 1
VHTpanapeHXMaTo3H1X XeMaToMa 11 YrlaBHOM Cy acCMMTOMaT-
cKe. [lnjarHocTnka obyxBata MCTopujy 601ecTvi U paguosoLLKe
npouenype cHUMaba. XMpypLUK/ TPETMaH je jeanHN NoTIyHU
MOAANMTET Nneyetba.

Mpukas 6onecHnka bonecHyua ctapa 43 roguHe, 6e3 Komop-
6vanTeTa, NpUMIbeHa je y 3ApaBCTBEHY yCTaHOBY 360r foaaT-
He AnjarHOCTUKe 1 XMPYPLUKOT Nleyersa. Pesyntatu nabopato-
PUjCKUX MCNUTUBaka 6unu cy y pedepeHTHUM BPeAHOCTUMA,
[OK Cy pe3y/TaTii CEpONOLLKIX TECTOBA 3a X1AATUAHY bonect
6vnu HeratmeHu. MNpernea abpomeHa KOMMjyTepPU30BaHOM TO-
Morpadujom je NOTBPAMO LMCTY Ce3nHe Koja ce Hanlasuna y
LieHTpanHoM Aeny crie3uHe. HakoH nanapockoncke napuujanHe
nepuLMCTEKTOMMjE YOU€EHa je jOLU jefiHa Matba LICTa CnesnHe.

DOI: https://doi.org/10.2298/SARH211010103M

lMpema MHTpaonepaTBHOj MPOLIEHN XUPYPLLKOT TUMa, OCTaTaK
TKUBa Crie3uHe je 610 Makby of jenHe TpehiHe cnesunHe. [loHeta
je opnyKa pa ce yunHM cnneHekTommja y Hajbosbem nHTepecy
6onecHuKa, Umajyhu y Bugy moryhe komnnuvkaupyje.
3akmyyak [peunsHa gujarHosa NOCTTpaymaTCKMUX LnCTa
cNesrHe oCTaje 13a30B, YNPKOC MPUMEHW HajcaBpeMeHUjuxX
paguonoLwKyx npoueaypa. Mopes Ao6Po No3HaTX MofjanuTeTa
neyetba, 1anapoCcKoNCK1 XUPYPLLKW NPUCTYM, K0 MUHUMAJTHO
MHBa3NBHU TpeTMaH, Tpebano 6u aa byae n3bop, ako cutyaumja
TO [03BOJbaBa. JlanapocKonckmn NpucTyn je AnjarHoCTUYKa u
Tepanujcka MeTofa Yuju ce edbekat nocebHO MOXe younTy Kaga
Ce VHTpaornepaT!BHU Hasla3 pasnvKyje of npeornepaTMBHOr
PaAMOIIOLLKOT Hanasa.

KrmbyuHe peun: cie3nHa; umcTa cnesrHe; nanapockonuja; nap-
LmjanHa nepuunucTekToMmmja
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Risk factors and treatment approach for
subarachnoid hemorrhage in a patient with nine
intracranial aneurysms
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SUMMARY

Introduction In about one-third of the patients with aneurysmal subarachnoid bleeding, multiple intra-
cranial aneurysms are confirmed. Risk factors such as female sex, smoking, hypertension, and age over
60 tend to be associated with multiple aneurysms. In this paper, we also discuss family predisposition
and the treatment approach for multiple cerebral aneurysms.

Case outline Here, we present a case of a 64-year-old female patient, with spontaneous subarachnoid
hemorrhage that had nine intracranial aneurysms. The patient was treated for hypertension for a long
time, excessive smoker, and two of her nearest members of the family died from intracranial bleeding.
The patient was fully conscious, without any neurological impairment. Subarachnoid bleeding was diffuse
and neither brain-computer tomography finding or digital subtraction angiography could not suggest
the source or location of bleeding among nine presented aneurisms. Magnetic resonance imaging had
to be done, and the T1W fast spin-echo sequence showed a 9 mm large ruptured an aneurysm at the
basilar tip, after contrast application, beside others. Three days after the insult, endovascular embolization
was done and two basilar aneurysms were excluded from the circulation, including the one that bled.
Conclusion The patient had the majority of risk factors for multiple intracranial aneurysms. Knowledge
of the family predisposition of multiple intracranial aneurysms allowed us to make a proper diagnostics
of a patient’s descendant and reveal a new patient.

Keywords: risk factors; subarachnoid hemorrhage; multiple intracranial aneurisms

INTRODUCTION

Even after a serious therapeutic breakthrough
in recent decades, mortality and morbidity in
patients with aneurismal spontaneous sub-
arachnoid hemorrhage (SAH) remain unac-
ceptably high. Overall case fatality is usually
around half of the cases, although there are
some novel studies that present in-hospital
mortality much lower [1]. In more than one-
third of the patients with SAH, multiple intra-
cranial aneurysms are reviled [2] which usually
makes their treatment difficult.

It is believed that the risk factor for the for-
mation of multiple aneurysms is identical to a
single intracranial aneurysm. It seems that both
external factors and genetic are of significance
with the insult. Magnetic resonance imaging
(MRI) plays an important role in the diag-
nostic workup of SAH patients with multiple
aneurysms, while endovascular embolization
could be the therapeutic option in the major-
ity of the cases. Other adverse events can com-
plicate SAH, like electrocardiographic (ECG)
changes caused by electrolyte disbalance [3].
Abnormal ECG changes in patients with acute
SAH are as high as 65%, and if fluctuate from
one abnormal change to another are usually as-
sociated with a poor outcome [4].

CASE REPORT

A 63-year-old woman was admitted with a
severe headache, vomiting, and stiff neck. She
was fully conscious, without any neurologi-
cal deficit. Initial computer tomography (CT)
brain scan revealed diffuse SAH, Fisher grade
III (Figure 1).

Figure 1. Initial brain computed tomography scan
demonstrates diffuse subarachnoid hemorrhage and
aneurism-like formation in front of the pons
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Figure 2. Echocardiography of the patient presented with bradycardia 35 per minute and prolonged QT interval

Figure 3. Digital subtraction angiography of the magistral cerebral
vessels and postembolization finding; A - digital subtraction
angiography of the branches of the left internal carotid artery; two
aneurysms are revealed: one on supraclinoid segment of the internal
carotid artery at the ostium of the anterior communicant arteria, and
the second smaller at the bifurcation of the middle cerebral artery with
the dimension of the 2.5 mm; B - digital subtraction angiography of
the branches of the right internal carotid artery; three aneurysms are
revealed: one on supraclinoid segment of the internal carotid artery,
the biggest one at the bifurcation of the internal carotid artery with
the dimension of the 6 mm; C — multiple aneurysms, four of them, on
the tip of the basilar artery; D - postembolization finding - complete
embolization of the ruptured and nearby aneurisms

The patient has been treated for arterial hypertension
for 20 years, smoking 15 cigarettes a day for four decades,
with intracranial bleeding in family history. The patients’
father and brother died from massive intracranial bleed-
ing. MRI of the patient’s son revealed an aneurysm, also.

ECG findings revealed sinus bradycardia and prolonged
QT interval (Figure 2). The serum finding showed low
values of potassium throw all the periods of hospitaliza-
tion ranging from 2.6 to 3.4, while serum finding showed a
normal level of sodium. Therefore, getting sufficient potas-
sium was imperative during therapy, and we managed it
through Ringer lactate solution administration, 2000 ml,
and an ampule of potassium chloride once a day.

‘ DOI: https://doi.org/10.2298/SARH201208084K

Figure 4. Magnetic resonance angiography of the brain T1W FSE
sequence reveals an exact aneurysm that has ruptured (A) compared
to unruptured (B)

The patient was treated with Mannitol solution 125 ml
every six hours during and corticosteroids Lemod Solu
40 mg every eight hours for three days, analgesics, and
antihypertensive therapy as amlodipine and ramipril in a
dose of 5 mg in the morning.

Digital subtraction angiography (DSA) revealed nine an-
eurysms (Figure 3), four on the tip of the basilar artery (BA)
(Figure 3 A), three on the right internal carotid artery(ICA)
(Figure 3B), one on the left ICA and one on the bifurcation
of the left middle cerebral artery (Figure 3C). Neither the
deposit of blood clot in the brain CT, nor the shape or size
of an aneurysm displayed on the DSA, and could not point
out an exact aneurysm that had ruptured.

Therefore, we have examined the patient using the
Philips Ingenia 1.5-T magnet resonance scanner (Phillips,
Amsterdam, The Netherlands). Sequence Bleck blood T1-
weighted 3D VWi was obtained using a flow-sensitized
3D fast spin-echo technique (T1W FSE) and it showed a
9 mm ruptured aneurysm at the basilar tip, after contrast
application (Figure 4) where the intramural high signal and
intimal flap were observed. Next to it, also at the basilar tip,
two more unruptured aneurysms were located. Three days
after the insult, endovascular embolization was done and
two of the basilar aneurysms were excluded from the circu-
lation (Figure 3D). After the intervention, the patient was
fine, without any neurological deficit nor complications.
An antiplatelet therapy — acetilsalil acid was administrated
in a dose of 100 mg a day after the intervention.

She was released from the hospital 10 days after hemor-
rhage. The other six aneurysms are to be treated several
months later after the patient had fully recoved.

The patient gave her informed consent about this pub-
lication.

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):87-90



Risk factors and treatment approach in a patient with nine intracranial aneurysms

DISCUSSION

Newly published studies present a typical patient with SAH
and multiple aneurysms as a female, with a history of hy-
pertension [5] and smoking [2].

In any of reviewed studies [6, 7], dealing with multiple
aneurysms there were no more than five or six saccular
cerebral aneurysms in one patient, but highly significant
association between the presence of multiple aneurysms
and hypertension, cigarette smoking, family history of
cerebrovascular disease, female sex, and postmenopausal
state in female patients was found. Nine aneurysms in one
patient is a number unique for our case report. In these
large studies, the authors did not consider family predispo-
sition. We managed to link the deaths caused by intracra-
nial bleeding of two closest relatives of the patient (father
and brother) to actual hemorrhage and recommended a
MRI to the patient’s son that also revealed an aneurism.

Each of the factors that correlate with SAH in multiple
cerebral aneurysms has either unexplained or unsatisfying
explained role in the pathogenesis of the cerebral aneu-
rysms or their rupture. Nowadays we accept the etiology of
it as multifactorial, with environmental factors as a major,
but also genetic one as important.

The possible role of smoking in the pathogenesis of the
aneurysm formation or SAH could be explained by serum
elastase/a, -antitrypsin imbalance or increased elastase ac-
tivity of cigarette smokers [8]. These can not be taken aside
from the role of inflammatory and cell adhesion molecules,
enzymes and hormones, and other cerebral proteins that
affect cerebral vessels and damage it, which is crucial for
the formation and rupture of aneurysms [9]. Smoking is
connected to a transient increase of the blood pressure
for a few hours and it could play an important role in the
rupture of an aneurysm. A bimodal pattern of SAH occurs
in the morning and the evening [10] when cigarette smok-
ing and alcohol use usually displays its peaks.

Solid majority of the SAH patients are hypertonic [11].
One interesting hypothesis tries to find a connection be-
tween chronic arterial hypertension (HTA) and the forma-
tion of the aneurisms. Initiation of the effecting HTA is
injuring the endothelium, occlusion of the vasa vasorum,
and disruption of the synthesis of elastin and collagen.
Subsequently, intima thickens, tunica media displays
foci of necrosis and internal elastic lamina degenerates.
These structural changes in the arterial wall cause a fo-
cal weakening in the arterial wall with resultant bulging.
In an unselected series of 737 aneurysm patients, authors
confirmed that hypertension and female sex are positive
risk factors for multiple cerebral aneurysms [12].

Female sex is also of significance in multiple intracra-
nial aneurism etiology, as the large study shows: women
exhibited higher rates of bilateral (6.8% vs. 2.6%, respec-
tively, p < 0.05) and multiple (11.5% vs. 5.2%, respectively,
p < 0.05) aneurism comparing to man [13].

Family predisposition for multiple intracranial aneu-
rysms was not debated widely in the literature. Neverthe-
less, by reviewing the literature we managed to find a few
papers dealing with this issue. In a huge study group of

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):87-90

8680 asymptomatic patients, results showed that aneu-
rysms were found in the general population of 6.8% ris-
ing to 10.5% in those with a family history of SAH [14].
Multiple aneurysms were more common in the familial
group than in the sporadic group, in one recent study
that compared a group of patients with two first-degree
relatives with SAH and a group of patients without it.
Interestingly, the age at the time of rupture was similar
between relatives usually in the fifth or sixth decade [15].

The specific genes involved have not yet been identi-
fied. A good trace to this breakthrough could be its cer-
tain association with some genetic disorders that exhibit
some syndromes or diseases. Some of them are more of-
ten associated with multiple intracranial aneurysms like
Marfan syndrome, polycystic renal disease, Rendu-Osler—
Weber syndrome, pseudoxanthoma elasticum, Klippel-
Trenaunay-Weber syndrome, type III collagen deficiency,
and fibromuscular dysplasia.

In multiple intracranial aneurismal cases where SAH
occurs, it is impossible to always determine which aneu-
rysm has bled, a fact of essential importance in further
therapy. Brain CT and DSA usually present well known
radiological signs and by following them and using a
simple algorithm that is based on aneurysm location it is
possible to identify the site of aneurysm rupture in 97.5%
of cases [16]. Also, some morphologic and hemodynamic
parameters can identify the ruptured intracranial aneu-
rysm in patients with multiple intracranial aneurysms [17,
18]. Nevertheless, new radiologic techniques have found
their purpose in dealing with this particular issue. One of
the MR pulse sequences, spin-echo plays a major role in
determining a ruptured aneurysm. T1W images are also
required for assessing the degree of contrast enhancement
on postcontrast scans [19]. On the other hand, conven-
tional postcontrast 3D T1-weighted TSE sequences are
more adequate in detecting unruptured cerebral aneurism
[20]. So, in our case report, the TIWESE sequence enables
us the adequate treatment of the patient.

Hyponatremia is the most common electrolyte abnor-
mality seen in patients with aneurysmal SAH, presented
in more than a half of the patients, and it is usually present
owing to syndrome of inappropriate antidiuretic hormone
secretion [21]. Its impact on patients outcomes remains
questionable [22].

In this case levels of sodium were normal, while hypo-
kalemia was noticed. Its cause may be complex, involving
both potassium losses from the body and intracellular
shifts of potassium. SAH often causes a prolongation of
the corrected QT (QTc) interval during the acute phase.

Our therapy of the patient consisted, among other med-
ications, of application of potassium chloride inside a solu-
tion of Ringer. The embolization of an aneurysm is the first
treatment option for the multiple intracranial aneurysms,
especially if the bleeding spot is at the posterior part of the
circle of Willis. Skillful and experienced neuroradiologist,
besides technical precondition, is a must.

Conflict of interest: None declared.
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daKTopu p13nKa U Tepanmnjcku Nnpuctyn 60aecHUKy ca cybapaxHomaanHom
Xemoparujom u ca AeseT MHTPAKPaHMjaNHUX aHeYpU3MU

Anekcangap Koctuh', Cawa Puctuh? AnekcaHgpa Apauku-Tpenkuh? BecHa Hukonos!, Hebojwa CrojaHosuh!

'KnuHnukm uenHTap Huw, KnuHuka 3a Heypoxupyprujy, Huw, Cpbuja;

2KnuHuukn uentap Huw, Lientap 3a paguonorujy, Huw, Cpbuja

CAXETAK

YBop Y TpehunHm cnyyajeBa 6onecHUKa ca aHeypri3ManHUm
cybapaxHOUgHUM KpBapetbem noTBphEeHo je NpucycTBO Bu-
LeCTPYKMX MHTPaKpaHujanHux aHeypusmu. Kog myntunamx
LiepebpanHux aHeypramu GakTopn pUsmKa Cy KEHCKU noi,
nyleme, XunepreH3unja 1 CTapocT npeko 60 roguHa. Y oBom
pagy cMo ANCKyToBann o pakTopuMa pr3mnKa, MOPOANYHOj npe-
AMCNO3ULMjU N MPUCTYMY NeYeHy BULLECTPYKMX LiepebpanHimx
aHeypr3Mu.

Mpuka3s 6onecHuKa MpeactaB/baMo ciyyaj bonecHuLe ctape
64 roAnHe, ca CMOHTaHUM CybapaxHOMAHUM KpBapeHEeM, Koja
je umana geBeT MHTpPaKkpaHujanHux aHeypusmu. OHa ce gyxe
BpeMe fleumnna of X1nepTeHsnje, NpeKoMepHo je NyLunna, a iBa
Hajonmxa unaHa NopoavLe ympna cy of MHTpaKkpaHujanHor
KpBapema. Ha npujemy je 6onecHuua 6una noTnyHo cBecHa,
6e3 1KaKkBMX HeyporoLKyx owTehera. CybapaxHOUAHO KpBa-

DOI: https://doi.org/10.2298/SARH201208084K

pekse je 61no gudy3HO U HUTK Hana3 KOMMjyTepcKe TOMOrpa-
duje mo3ra, HATW JUruTanHa CynTpakLyMoHa aHrnorpaduja
HMCY YKa3uBann Ha MecTo KpBapekba, Tj. Ha TO Koja je oA feBeT
aHeypusmu KpBapeha. [lakne, Tpebano je ypaauTtn cCHUMarbe
MarHeTHOM pe3oHaHLoM, a TTW 6p3u cnnH-exo HM3 NoKa3ao
je pa je pyntypupana aHeypusma gujametpa 9 mm Ha BpXy
6a3unapHe aptepuje. Tpu faHa HaKOH KpBapetba ypaheHa je
eHAoBacKynapHa embony3alumja v iBe 6asunapHe aHeypriame
Cy UCKIJbyyeHe 13 LypKynauuje, kpeapeha n Hekpaapeha.
3akbyuak OBaj peTku cyyaj 6o je npaheH BehrHom dakTopa
pV31Ka 3a Pa3Boj BULLIECTPYKMX MHTPaKPaHWjaIHUX aHeypr3MU.
3Hatbe 0 MOPOANYHOj NPeANCMNO3NLMjN HACTaHKa BULLECTPYKMX
WHTPaKpaHWjasHX aHeypu3my yCMepuno Hac je oTKprBay
HOBOT NaLujeHTa — 60NeCHNYMHOT CUHa.

KmbyuHe peun: GpakTopu pr3mka; cy6apaxHoMgHO KpBapetbe;
BULLECTPYKE MHTPaKpaHujasiHe aHeypusme
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SUMMARY

Introduction Significant cranial defects result from a decompressive craniectomy following head trauma,
malignant brain edema, intracranial hemorrhage, or resection of tumor affected bone. Unrepaired cranial
defects are not just a tremendous esthetic problem. The underlying brain is unprotected, prone to injury,
and this state can lead to the so-called “syndrome of the trephined” with mood instability, headaches,
and even a neurological deficit. Currently, there is no widely accepted uniform technique of cranial vault
shape restoration. Combining 3D technology with the use of polymethylmethacrylate is a challenging
field that can bring good functional and aesthetic results and, in the case of smart design, become
efficient, low-cost technology. We offer a possible solution to a problem that would be acceptable in
neurosurgical practice.

Case outline We present a 37-year-old male patient with a massive hemicranial defect as a consequence
of previous decompressive craniectomy following severe craniocerebral injury the previous year.
Together with engineers from the appropriate 3D modeling studio, we have designed a two-part
mold by laser printing technology using biocompatible advanced polyamide. We made a customized
polymethylmethacrylate graft intraoperatively using this mold and achieved good aesthetic results.
Conclusion Reports of 3D printing assisted cranioplasties are growing, describing different techniques
and cost- estimation. We hope to introduce a low-cost and simple method for repairing a skull defect.
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INTRODUCTION

With first records dating over 3000 years B.C.,
cranioplasty is one of the oldest neurosurgi-
cal procedures aimed at restoring cranial vault
integrity. The benefit to the patients is unques-
tionable since results concern not only esthet-
ics and mechanical protection of intracranial
structures but affect a considerable amount of
subjective disturbance and even lead to regres-
sion of neurological deficit. Although as old as
the first attempts of neurosurgery, there is no
widely accepted uniform technique performing
a cranioplasty. Materials currently used differ
and can be autografts or more commonly used
in modern neurosurgery - allografts.

CASE REPORT

We present a 37 years-old-male, who was ad-
mitted to our clinic for an elective cranioplasty
procedure, 13 months following surgery after
a traffic accident. Initial surgery included the
evacuation of acute subdural hematoma and
decompressive craniectomy due to malignant
brain edema. Neurological status on admission
revealed mild right-sided hemiparesis, and the
patient-reported occasional headaches and
light dizziness. Local status included clearly
manifested massive bone defect, deformity of

the skull contour, without active skin infection
or any skin efflorescence (Figure 1).

Routine non-enhanced computed tomog-
raphy (CT) scan of the head was performed,
using a bone window to build a 3D model,
and data were further used for modeling by
digital sculpting relying on symmetry and ge-
ometry present on the other half of the skull.
Preoperative design, planning and modeling
are conducted in selected studio for 3D mod-
eling (Voxellab D.O.0.©, Belgrade, Serbia).
The model was furbished using ZBrush 2021°
(Pixologic©, Los Angeles, CA, USA). Based on
the implant model, a 3D model of two-sided
mold was created using Rhinoceros 6° soft-
ware (McNeel©, Seattle, WA, USA). Finally,
manufacturing of a two-part mold by selective
laser sintering (3D printing) technology was
conducted, using biocompatible PA2200 mate-
rial (advanced polyamide 12) on Formiga P110
Velocis®” (EOS©, Krailling, Germany) device
with a resolution of 0.1 mm per layer, on 170°C
ensuring high-level precision of construction
and surface quality. The manufacturing process
and material are certified for use in the medical
and food industries. The material is biocompat-
ible according to EN ISO 10993-1. The manu-
factured parts are isotropic and temperature-
stable up to 163°C. Post-production of molds
included sandblasting with glass and ceramic
beads for maximum removal of unsintered

Received  MpummeHo:
January 11,2021

Revised - PeBusnja:
November 14, 2021

Accepted - MpuxeaheHo:
November 15, 2021

Online first: November 17, 2021

Correspondence to:

Ivan M. BOGDANOVIC

University Clinical Centre of Serbia
Clinic of Neurosurgery

Dojranska 16/10

11000 Belgrade

Serbia

ivanbg83@gmail.com



92

E_L QTN =

Figure 1. Patient with large hemicranial defect before surgery

Figure 2. Two-part polyamide mold made by laser printing technology
and the resulting polymethylmethacrylate graft shaped by manual
mold compression

powder and raising the quality of surfaces, and additional
polishing of the inner surfaces of the mold for easier sepa-
ration of the mold and the implant. Time consumed for
3D modeling, printing, and post-production processing
was eight days, and the estimated cost per patient was
€550-€600.

Since preoperative check-up revealed no absolute
contraindications for operation, such as hydrocephalus,
brain swelling, or infection, using 3D printed prefabri-
cated molds, polymethylmethacrylate cranioplasty was
performed. The same skin incision was used, and soft
tissue dissection from the dura was carefully conducted.
An evident impression of the left hemisphere and tissues
above were noted. Significant adhesions of the inner dura
to the arachnoid were found, and since it was the domi-
nant hemisphere, no further dissection was performed,
and no central tenting sutures could have been placed.
The mold was sterilized prior to surgery in a standard au-
toclave at 134°C for 20 minutes and unpacked during the
operation following all sterile procedures. Two packings of
Poly(methyl methacrylate) (PMMA) (Gentafix, Teknimed
s.a.s. Vic-en-Bigorre, France) were used for molding an
implant intraoperatively. Molds were soaked with sterile
saline and used for fabricating a final prosthesis. After the
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Figure 3. 3D computed tomography cranial reconstruction after the
operation

Figure 4. Restoration of head shape after the operation - pleasurable
esthetic result

initial phase and achieving enough hardness not to deform,
the mold was opened, allowing final stages of polymer-
ization to occur outside of the mold and thus avoiding
deformation of mold or implant. Multiple punctuations
were made in the implant, allowing evacuation of potential
fluid collection, as well as soft tissue ingrowth, obliterating
potential epidural space (Figure 2). Fixation was achieved
using CranioFix® (Aesculap©, Center Valley, PA, USA),
epicranial drain was left in place, and soft tissue recon-
struction was performed in anatomical layers. There were
no intraoperative complications during prosthesis mold-
ing or implantation. After surgery, aesthetic results were
obvious, and the patient was without new neurological
deterioration (Figures 3 and 4). Initial CT scan demon-
strated epidural effusion of non-blood liquid, without com-
pressive effect (Figure 5). Local punction was performed,
and fluid, which was a mixture of blood and saline, was
drained. Following punction, an immediate control scan
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Figure 5. Epidural effusion following surgery

was performed, which showed no liquid or blood remnants
in epidural space. No further complications were noted.
During the 12 months follow-up, hemiparesis regression
was confirmed. The patient also reported the withdrawal
of subjective complaints.

Written consent was obtained from the patient to pub-
lish all the shown material. This study was conducted ac-
cording to the institutional standards on ethics.

DISCUSSION

Attempts to restore the integrity of the skull are as old as
neurosurgery. According to literature, defects larger than
6-10 cm? subject to reconstruction, and those larger than
50 cm?, or more than 12 cm in axis should subject to cus-
tom-made cranioplasty [1-4]. Indications for reconstruc-
tive surgery concern not only aesthetic and social expecta-
tions of the patient but also the improvement of cerebral
protection. Relieving cortex of soft tissue compression and
restoration of normal cerebrospinal fluid circulation and
venous blood return leads to neurologic improvement and
diminishing of a group of symptoms counted in the syn-
drome of the trephined [5]. So far, many techniques and
materials were tested, but still, no uniform procedure is
established.

Many conditions result in cranial defects. The most
common reasons are decompressive craniectomies due to
intracranial hematoma, malignant edema or hemispheric
ischemic lesions, comminution fractures or resection of
tumor affected bone. Plenty of reports regarding this op-
eration emphasize the use of bone graft preserved subcu-
taneously or in the bone bank. Still, this only provides a
solution in cases of unfractured bone, excluding patients
with wounds over bone flap, making them especially prone
to infection and possibility of implantation under abdomi-
nal skin, since numerous cranial trauma cases also require
general surgery operation. It is also an important fact that
many, especially the third world and developing countries,
have no bone banks. Despite all fulfilled conditions, there
are still risks of bone graft resorption, especially in chil-
dren, or infection and the consequent need for new opera-
tion. Younger age, bone flaps larger than 75 cm?, and shunt
dependency are recognized risk factors for bone resorption
[6]. Even in the absence of resorption, initial damage or
intraoperative drilling can cause a skull-graft mismatch,
creating a significant esthetic defect. In the end, the exact
discrepancy can be seen only intraoperatively.
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Since World War II, the use of artificial materials is be-
coming more frequent. Characteristics expected to meet
are biocompatibility, inertness, radiolucency, rigidity, but
the material should also be light, non-magnetic, simple for
handling and placement, and with low thermal conduc-
tivity [7, 8, 9]. Currently, most used alloplastic materials
encompass metals, acrylic materials, plastics, and hydroxy-
apatite as representative of bioceramics [4]. A number of
papers concerning allograft cranioplasty grows, but large
studies comparing different materials with official recom-
mendations are lacking. Data describing hydroxyapatite
use, show good bio integration, demonstrating osteocon-
ductive capabilities, making it particularly interesting for
the pediatric population, but also showing a higher chance
of prosthesis fracture and dislocation, as well as signifi-
cantly higher price per piece [4]. Usage of titanium in cra-
nioplasty offers good quality and persistence but is not
flawless. Its fabrication is more complicated [7]. Patient’s
complaints of thermal conductions are well noted, with
some series even reporting a higher incidence of infection
in these patients compared to those operated using PMMA
[4]. It is also important to emphasize that titanium offers
minimal potential for an intraoperative correction [7]. Still,
the main concern for health systems is a relatively high
price, ranging $3000-$5000 [1, 4, 8, 10, 11].

Reports of 3D printing assisted cranioplasties are grow-
ing, describing different techniques and cost-estimation.
Using PMMA offers many advantages over other materials.
Significantly lower cost comparing to titanium makes it
affordable to most health systems. Simplicity in use, low
thermal conductivity, and the possibility for intraoperative
modification make it especially helpful in reconstructive
surgery. Still, it requires additional use of fixation hardware
and develops high temperatures during polymerization,
carrying a risk of thermal damage to surrounding tissues.

Methods described in literature differ significantly in
every step of fabrication and implantation of the graft.
Some authors propose the utilization of previously pre-
pared and sterilized prosthetics, stating the lower price,
shorter operation time, reduction of blood loss, and lower
infection rate [7, 12]. One must consider that using pre-
made PMMA grafts requires plasma or ethylene-dioxide
sterilization, which is not widely available, increasing price,
but more importantly diminishing the possibility of intra-
operative correction [7, 13]. Further differences concern
the method of obtaining the final prosthesis. Although
printing a prosthesis model, followed by making a plaster
cast and additional molding of PMMA final graft is pos-
sible, we find it unnecessary and too complicated since it
can result in significant mold and prosthesis deformation
[7,9]. Using one-side mold achieves precise curvature but
makes it almost impossible to achieve the exact volume of
the graft, fill the trephine holes, and bares risks of uneven
and bumpy inner side of the graft [1, 10]. Direct print-
ing of two-sided mold allows immediately obtaining not
only correct contour and shape, but also thickness of the
bone and therefore better fixation and durability. Despite
some studies stating the possibility of mold deformation
during sterilization, we did not encounter such problems
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[1]. Screw-assisted molds and those designed in such a
manner that so that PMMA can be poured into them
complicate opening of the mold and allowing final stages
of polymerization of the PMMA to occur outside of the
mold, avoiding sticking and deforming of both mold and
prosthesis [10, 11].

Precise recommendations regarding the timing of the
operation are still to be established. Current studies attri-
bute a higher rate of hydrocephalus in early cranioplasty
(< 90 days) following trauma, but also find a higher inci-
dence of extra-axial effusion in delayed procedures [4]. We
address epidural effusion seen in our case to inability to
place central tack-up sutures due to dura-arachnoid scar-
ing, arising from the late-term of the operation.

Although technically undemanding, skull reconstruc-
tion still carries risks of early and late postoperative com-
plications [4, 5, 9, 10]. The overall rate of complication
differs, usually raging 5-25% [9, 13]. We would like to
emphasize, in particular early postoperative care, including
mandatory CT scan. As seen in our case, brain hemisphere
atrophy presents a risk for fluid collection and extra-axial
hematoma, without evident neurological deterioration,
further endangering the patient. Even in good result
months following the surgery and esthetically satisfying
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Kpal-monnacmxa NONMMETUZIMETAKPUTIATOM KOpMI.I.IhEI-bEM WHAUBUAYANIU30BaHOT
Kanyna Ha4yntbeHor TP0AMMEH3UOHA/IHUM LWWTamMmnavyem

VBaH borpaHoBuh'?, Ounun Munucasmbesuh', AnekcaHaap Musbkosuh', Hematba JoBaHoBuh', PocaHpa Mnuh'?
'YHUBep3NTETCKM KNMHIYKN LeHTap Cpbuje, KnuHika 3a Heypoxupyprijy, beorpag, Cpbuja;

YHusep3uTeT y Beorpapy, MegnumHckn dakynter, beorpag, Cpbuja

CAMETAK

YBoa [ledekTn nobarbe YeCTo HacTajy Kao NocneamLa AeKoM-
NPEeCVBHIX KPaHMEKTOMMja HaKoH KpaHuoLiepebpanHe nospe-
fie, MaIMrHor efjema Mo3ra, HTpakpaHujaaHOr KpBapetba Uin
pecekuuje KocTn 3axBaheHe Tymopom. KpaHujaniu gedekTu
KOjU HYCY penapripaHn HUCY CaMo 3HayajaH ecTeTcKu npobnem.
Mo>xaHo TKIBO je y TakBUM ClyyajeB1Ma He3alwTnheHo, noa-
NOXHO NoBpeAama 1 0By 60NeCHNLM NMOHEKAA UCTOIbaBajy
KapaKTepucTUyaH CUHAPOM KOju Ce OANINKYje HecTabunHo-
why pacnonoxeta, rMaBobo/bama, Na Yak 1 HeYPOJTOLWKNM
Aeduuntom. TpeHyTHO He MOCTOoju WNPOKO npuxBaheHa n
CTaHAapAn30BaHa TeXHKKA NiacTrke nobare. KombuHoBare
TexXHomnormje TPoOAMMEH3VOHa/He LWTamne ca ynotpebom nonu-
MeTuMeTaKpuiaTa NpeAcTaB/ba anTepHaTMBY, Ca 3Ha4ajHUM
noTeHLMjanom 3a fobpe ecteTcke 1 GyHKLMOHaNHE pe3ynTaTe,
ca CMatbeHUM TPOLLKOBKMa n3page. Osfe npukasyjemo jefHo
Ofi peLLetba Koje 61 Morno 61TV NPUXBAT/bYBO Y HEYPOXMPYPLL-
KOj npakcu.

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):91-95

Mpukas 6onecHunka MpeacraBbamo 37-roguilkber MyliKapLa
Ca MacVBHUM XeMUKpPaHUjanHum AedeKTom nocine gekomrnpe-
CVIBHE KpaHMEKTOMYje yurtbeHe 300r TellKe KpaHuoLepebpar-
He noBpefe roauHy faHa paHuje. 3ajefHo ca MHXetbepuma 13
CTyAvja 3a TPOAMMEH3MOHANHO MOLENNPakbEe, AU3ajHUPanu
CMO [ABOAEJTHY KaJyr TEXHOJONjOM JIaCePCKOT LTamMMakba Ko-
purcTehn 6uokoMnaTMGUHY HanpeaHU nonvammg. Tokom came
onepaLuje CMO 3aTUM HanpPaBWAY MHAUBUAYAN30BaHN NOMU-
MEeTUIMETAKPUIATHX rpadT Npema OBOM Kanyny v NOCTUMIN
Jobpe ecTeTcKe pesynTarte.

3aKsbyvak KpaHnonnactmke HaumkeHe y3 nomoh TexHomnoruje
TPOAVMEH3VOHANTHOT LTaMMakba Cy CBe BULLe y yrnoTpebu v Beh
Cy OMuMcaHe pasnuunTe TEXHVKe, Maja joLl YBeK HICY BpojHe.
Hapamo ce pa hemo onncaHUM HaYHOM YBECTU PeNnaTBHO
jedTuH 1 jegHoCTaBaH, anu epeKTrBaH MeTO[ 3a penapauujy
nedekra nobatbe.

KrbyuHe peun: KpaHWeKTOMYja; KpaHMOMIacTuKa; AepeKT o-
6atbe; MONMMETUNMETAKPUIAT; TPOAUMEH3MOHAHO LTaMMakbe
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Internal carotid artery “donut” aneurysm treated
using DERIVO flow-diverting stent
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SUMMARY

Introduction Intracranial aneurysms with a radiological sign of a donut are a medical priority and have
been described in a small number of cases. This radiological sign occurs in aneurysms in which there
is partial thrombosis inside aneurismal sac and circular laminar flow between the aneurismal wall and
the thrombus in its center. Consequently, there is a central contrast-filling defect of the aneurysm sac
observed on different angiographic imaging methods.

Case outline We present a 35-year-old female patient admitted for examination due to frequent head-
aches, visual disturbances on the left and loss of sight on the right eye. Digital subtraction angiography
(DSA) showed an aneurysm on the right internal carotid artery measuring 25.6 x 25 mm, while neck
measured 11 mm and included part of the C6 and C7 segments. Treatment decision was made that
placing a flow-diverting stent across the aneurysm neck would be most beneficial in this case. After the
procedure, the patient was discharged in the same general condition as she was before admission to
the hospital. Seven months after the intervention, she reported for her first DSA control examination.
Normal position of the left A1 segment was demonstrated, suggesting shrinkage of the aneurysm sac.
An improvement of vision on both eyes was stated.

Conclusion: We present a patient with a “donut”aneurysm on the internal carotid artery, successfully
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treated with a flow-diverting stent.

Keywords: “donut” aneurysm; DERIVO stent; digital subtraction angiography (DSA)

INTRODUCTION

Intracranial aneurysms with a radiological sign
of a donut are a rarity and have been described
in several cases. In this paper, we present a case
of a “donut” aneurysm on an internal carotid
artery treated with a DERIVO embolization
device (DED).

CASE REPORT

A 35-year-old female patient was admitted for
examination due to frequent headaches, visual
disturbances on the left and loss of sight on the
right eye. On non-enhanced computed tomog-
raphy and computed tomography angiography
examinations, giant aneurysm with centrally
positioned thrombus was diagnosed (donut
shape aneurysm) on the right internal carotid
artery (ICA). Digital subtraction angiography
(DSA) showed an aneurysm on the right ICA
measuring 25.6 x 25 mm, while the neck mea-
sured 11 mm and included part of the C6 and
C7 segments. The aneurysm sac was directed
upwards and medially, dislocating supraclinoid
segments of the left ICA. The right ICA itself
was narrow in diameter throughout its whole
course, especially around the neck of the an-
eurysm. Proximal diameter of the ICA was 3.2

mm, with pre-aneurysmatic narrowing with
radius drop to 1.9 mm, while the distal part
measured 2 mm. The right A1 segment was
aplastic and the right anterior cerebral artery
(ACA) was filling from the left A1 segment,
which was elevated due to the compressive ef-
fect of the aneurysm.

Treatment decision was made that the po-
sitioning of a flow-diverting (FD) stent across
the aneurysm neck would be most beneficial
in this case. The patient was prescribed with
a loading dose of dual antiplatelet therapy
four days prior to intervention, consisting of
clopidogrel (Plavix, Sanofi Winthrop Industrie,
Paris, France) 75 mg twice per day, and ace-
tylsalicylic acid (Aspirin, Bayer, Leverkusen,
Germany) 100 mg per day. Under conditions of
general anesthesia, a DED (Acandis, Pforzheim,
Germany) measuring 4.5 x 30 mm was then
placed using both push and pull techniques,
in order to maximize the radial force of the
stent. Flow-diverting effect was demonstrated
immediately on post-procedural angiograms
(B3 degree of occlusion by O’Kelly-Marotta
classification [1]). The patient was discharged
in the same general condition she was before
admission to the hospital.

Seven months after the intervention, the
patient reported for her first DSA control ex-
amination. An improvement of vision on both



Internal carotid artery “donut”aneurysm treated using DERIVO flow-diverting stent

Figure 1. Pre-treatment angiograms; (A) antero-posterior, (B) lateral view of the right internal carotid artery (ICA) show a giant aneurysm with
a“donut sign”on the right ICA, which appears narrow, with pre-aneurysmatic stenosis and very thin post-aneurysmatic diameter of the vessel;
the right A1 is not showing; (C) antero-posterior view of the left ICA demonstrates both anterior cerebral arteries filling from the left A1, which

is elevated due to compressive effect of the aneurysm

Figure 2. Post-procedural angiograms; (A) antero-posterior and (B) lateral position view of the right internal
carotid artery show stasis of the contrast inside the aneurysm sac (grade B3 by O’Kelly-Marotta classification)

Figure 3. Control digital subtraction angiography after seven months; (A) antero-posterior, (B) lateral position view of the right internal carotid
artery; there is no aneurysm filling; (C) antero-posterior view of the left ICA; A1 segment is falling to its normal state due to aneurysm shrinkage

eyes was stated. Control DSA was performed under con-
ditions of local anesthesia on Monoplane Axiom Artis
AX (Siemens, Munich, Germany). Selective right inter-
nal carodit artery catheterization was performed with 5F
SIM2 diagnostic catheter (Terumo, Tokyo, Japan) and 7
ml of Omnipaque350 (GE healthcare, Chicago, IL, USA)
contrast agent was administrated for angiograms, while
for the 3D in space sequence we applied 12 ml of contrast
in two-second intervals. Angiogram of the left carotid ar-
tery was taken from the common carotid artery (CCA)
with 10 ml of contrast and with the application of digital
compression on the right CCA. No communication be-
tween the sides and normal position of the left A1 segment
was demonstrated, suggesting shrinkage of the aneurysm
sac. Both ACAs were filled exclusively from the left ICA.
Angiograms of the right carotid circulation performed
selectively from the ICA showed that the aneurysm was
completely excluded from the circulation with preserved
patency of the parent blood vessel. Supraclinoidally, the
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right ICA still remained dislocated closer to the medio-
sagittal line, but was gradually falling back to its normal
position.

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

DISCUSSION

Phenomenon of “donut sign” or “donut aneurysm” was
first described in 2014 by Van Rooij et al. [2]. This radio-
logical sign occurs in aneurysms in which there is partial
thrombosis inside the aneurismal sac and circular laminar
flow between the aneurismal wall and the thrombus in
its center. Consequently, there is a central contrast-filling
defect of the aneurysm sac on different angiographical
imaging methods. So far, this rarity has been described in
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only several cases of ruptured and unruptured aneurysms,
both in carotid and posterior circulation [3-6].

Several methods have been used in treating this type
of aneurysm: microvascular dissection and clipping, or
endovascular treatment (stent-assisted coiling, combined
treatment with Woven EndoBridge and coils and FD stent
in two cases) [2, 3, 4, 6]. Microsurgical direct-clipping gi-
ant aneurysms needs adequate craniotomy and visualiza-
tion of the parent artery and its branches with minimal
parenchymal retraction and minimal manipulation of the
adjacent neurovascular structures. Giant aneurysms which
have wide neck and complex anatomy of the surrounding
vessels cannot be clipped directly. In these cases, it is neces-
sary to use other therapeutical methods [7]. Proximal trap-
ping (Hunterian ligation / proximal occlusion) is a relatively
simple and well-established procedure technique that has
been used in an attempt to divert flow away from the aneu-
rysm and to induce thrombosis. Proximal trapping could
be used only after the patient is able to successfully tolerate
a balloon test occlusion (BTO). The risk of ischemic com-
plications exists even in patients with negative BTO, and its
rate is as high as 33% [8, 9]. Bypass after complete trapping
can be done as a low-flow bypass (50 ml/min) or a high-
flow bypass (> 50 ml/min), double-barrel bypass, and in
situ bypass with grafts derived either from the radial artery
or the saphenous vein. Hemorrhagic complications occur
in 7.5% of patients treated with bypass (2.5% of patients
treated with FD), and postoperative ischemic complications
occur in 15% of FD and bypass groups respectively (5% of
patients treated with FD). The rate of complete aneurysm
occlusion at six months was 42.5% in the FD group and
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95% in the surgical group (p < 0.0001), and early bypass
thrombosis occurred in 15% [8]. Kiselov et al. [8] evaluated
patients postoperatively with diffusion-weighted images
to detect clinically silent ischemia. Brasiliense et al [10]
reported silent ischemia after procedure in 62.7% cases.

Based on up-to-date experience, endovascular treat-
ment has been proven to be the method of choice. In cases
with large aneurysms with mass effect and partial throm-
bosis, recanalization after coiling is expected in a high
percentage of cases [2, 11]. FD stents have proven to be
an effective alternative to coiling, but they had several im-
portant disadvantages, such as a lack of immediate effect,
need for antiplatelet therapy, and relatively long latency for
aneurysm exclusion to take place [12, 13].

Evolution of the FD devices over the years have dimin-
ished the complication rates in recent years [13]. DED is
a second-generation FD stent composed of 24 wires made
of nitinol and radio-opaque platinum core that are folded
back at the distal end, thus providing a network consist-
ing of a total of 48 wires. At the proximal and distal end,
there are three markers of iridium and platinum, for bet-
ter visualization [14, 15]. These technical features result
in improved radio-opacity and occlusion rate, as well as
reduced incidence of adverse events [13, 16].

In our case, immediately after the implantation of the
DED, the flow in the aneurysm sac was reduced, leading
to graduate progressive aneurysm exclusion from the cir-
culation and reduction of its compressive effect on nearby
anatomical structures.
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AHeypu3ma yHyTpaLbe KapoTuaHe apTepuje no Tuny ,KpodHe“ TpeTUpaHa
nomohy cteHTa IEPUBO 3a npeycmepaBare NPOTOKa

[Iparocnas Hectoposuh', Virop Hukonuh*3, CeetnaHa Munolwesuh-Megenuua', AnekcaHgap JaHuhujesuh? lopaH Tach??

'YHuBep3uTeTCKN KNHUYKK LeHTap Cpbuje, LieHTap 3a pagnonorujy 1 MarHeTHy pesoHaHLly, beorpag, Cpbuja;
2YHUBeP3NTETCKM KNMHUYKY LeHTap Cpbuje, KnuHuka 3a Heypoxupyprujy, beorpag, Cp6uja;

3YHneep3uTet y beorpagy, MeguunHcku pakyntet, beorpag, Cpbuja

CAMETAK

YBop VIHTpakpaHujanHe aHeypr3me ca PagnoNOLWKNM 3Ha-
KOM KpodHe cy MeaNLMHCKI NPYOPUTET 1 JOCaf Cy onmcaHe
y Manom 6pojy cnyyajeBa. OBaj paAgvoioOLWKM 3HaK ce jaB/ba
y aHeypu3mama rge nocToje napuujanHa Tpombo3a yHyTap
aHeypwu3maTcke Bpehe 1 UMpKynapH/ naMMHaPHU TOK KPBHU
n3mehy 3mfa aHeypur3me 1 LieHTpanHor Tpomba. Mocneanyxo,
Ha Pa3NMYUTVIM aHIMOTPAGCKMM BU3yenr3aLlMOHM MeToama
NOCTOjU LieHTpanHn AedeKT y Nykbery aHeypr3me KOHTPACTHUM
CPeACTBOM.

Mpuka3s 6onecHukKa lNpegctaBbamo 6onecHuy ctapy 35
rofvHa, MPYMJbeHY Ha UCMUTKBaHbE 360r YecTrX rMaBobosba,
BU3YENHUX CMETHM Ha NeBOM OKY 1 rybuTka Braa Ha AeCHOM
oKy. [lurutanHa cynTpakuuoHa aHrnorpaduja nprikasana je
aHeypur3My Ha AeCHOj YHYTpaLlkb0j KapOTUAHOj apTepujy, Koja
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je mepuna 25,6 X 25 mm, foK je npomep BpaTa 6o 11 mm
1 06yxBaTao je feo cermeHara L6 n LI7. OgnyyeHo je fa 6u
no3unuMoHNpatrbe CTeHTa ca epekToM NpeycmepaBama Npo-
TOKa NPeKo BpaTa aHeypu3me 61no Hajbosbe y OBOM Ciyyajy.
HakoH npouepype 6onecHuua je oTnywWwTEHa HENPOMEHEHOT
onwrer ctarba. CeflaM MeceL HAKOH UHTepPBeHLje 6onecHuLa
je npum/beHa Ha NPBY KOHTPOJTHY AUFUTANIHY CYNTPaKLVIOHY aH-
ruorpadujy. JleBu cermeHT A1 ce BpaTMo y HOpManHy no3uuujy,
cyrepuwwyhu cmexxypaBame aHeypuamaTtcke Bpehe. Takohe,
6onecHuLa je HaBena Nobosbluakbe BrAa Ha 06a oKa.
3akmyyak lMprkasyjemo 6onecHNLy ca aHeypu3Mom obmKa
KpodHe Ha AieCHOj YHYTpaLUHb0j KaPOTUAHO] apTepujy, yCnewwHo
TPETMPaHOj CTEHTOM 3a NpeycMepaBatbe MPOTOKa.

KmbyuHe peun: aHeypusma no tiny ,KpodHe”; cteHT JEPUBO;
AVriTanHa cynTpakLMoHa aHrnorpaduja
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Idiopathic granulomatous mastitis — new approach
in operative treatment

Milan Ranisavljevi¢, Nenad Solaji¢, Ferenc Vicko

Oncology Institute of Vojvodina, Sremska Kamenica, Serbia;
University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia

SUMMARY

Introduction Idiopathic granulomatous mastitis (GM) is described as a very rare, non-lactating, chronic
mastitis that occurs primarily in women of childbearing age. Significant clinical problem related to GM is
the diagnostic differentiation from breast cancer. Less advanced forms of GM can be successfully treated
with limited surgical excisions and radical treatment is recommended only for the most extensive forms.
Case report First examination of the patient, by the surgeon at Oncology Institute of Vojvodina was in
December 2018, when initial suspicion of breast cancer was set up. Core needle biopsy was performed
and after histopathological (HP) analysis, confirmation of GM was obtained. The patient was initially of-
fered Prednisone and Methotrexate therapy, which she refused and accepted only surgical treatment.
Surgical treatment was performed few weeks after needle biopsy and consisted of performing a nipple
spearing mastectomy with excision of the orifices of all fistulous ducts and their primary sutures. The HP
findings of the operative specimen confirmed the diagnosis of GM. While there were no signs of dieses
relapse, patient was suggested secondary reconstruction of the left breast. Twelve months after the pri-
mary operation, secondary breast reconstruction was performed with the interposition of a contoured
silicone implant into a muscle pocket in a standard manner.

Conclusion Nipple spearing mastectomy with secondary breast reconstruction is esthetically satisfactory
treatment for patients with locally advanced GM.

Keywords: idiopathic granulomatous mastitis; nipple spearing mastectomy; secondary breast recon-
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INTRODUCTION

Idiopathic granulomatous mastitis (GM) is de-
scribed as non-lactating chronic mastitis that
occurs primarily in women of childbearing age,
but could be found in patients many years after
breast feeding. Kessler and Wolloch [1] have
tirst described this rare illness in 1972. Since
the clinical and radiological imaging of GM
are similar to the breast cancer, it could lead to
misdiagnosis before the final histopathological
(HP) diagnosis.

Many authors suggested that possible eti-
ology of GM include breast infection with
microbes, autoimmune disorders and hyper-
prolactinemia [2]. Uncertain etiology leads to
non-optimal treatment for GM and included
watch and wait strategy, antibiotics, steroids
and surgery as earliest and most widely used
therapy [3-8]. In cases when GM is localized
in only one part of the breast, local excision is
used and radical treatment is recommended
only for the most extensive forms, when all
breast tissue is involved [2, 3, 5].

CASE REPORT

First examination of the patient by the sur-
geon at the Oncology Institute of Vojvodina
was in December 2018, when initial suspicion

of breast cancer was set up. In history patient
has one child (nine years old), non-smoker,
with a negative family history of breast cancer.
Ultrasound findings supplied by the patient are
characterized as BI RADS 5 in the left breast.
On clinical examination in the left breast, at the
border of the lateral quadrants a tumor mass,
about 5 cm in diameter, was palpated, which
protrudes and deforms the skin of the breast
with three active fistulous ducts (two located in
upper medial quadrant and one periareolar in
the same quadrant) from which the clear secre-
tion is conducted (Figure 1).

Core needle biopsy was performed a few
days after the clinical examination and HP
analysis of the specimen, which confirmed the
GM diagnosis (Figure 2).

After a core needle biopsy, a few more fistu-
las were produced (in upper lateral quadrant),
with pronounced inflammation of the left
breast skin, and per os antibiotics (augmentin
+ metronidazole) were included in the therapy.
The inflammatory process affected almost all
of the breast tissue except the area just below
the nipple areola complex.

After the inflammatory process calming
down and spontaneous closing of the fistulous
ducts in upper lateral quadrant, the patient per-
formed tests for tuberculosis, sarcoidosis and
Wegener’s granulomatosis, and all of them were
negative. Smears taken from fistulous ducts
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Figure 1. Clinical findings one day before the operation; three active
fistulous ducts; palpable tumor masses in lateral quadrants of the left
breast (approximately 5 cm in diameter)

Figure 3. Clinical findings after the surgery and removing the drains;
stitches on the sites from excided fistulous canals; two incisions on
the border of the breast and abdominal skin are from drains; vital skin
flap, after performing nipple spearing mastectomy with nipple areola
complex preservation

were negative on bacteria and fungi. The patient was ini-
tially offered Prednisone and Methotrexate therapy, with
the presentation of all possible positive and negative effects
of the proposed therapy, which she refused and accepted
only surgical treatment.

Surgical treatment was performed few weeks after the
HP conformation of the diagnosis and consisted of per-
forming a nipple areola complex spearing mastectomy with
excision of the orifices of all fistulous ducts and their pri-
mary closing with adsorptive stitches (Vicryl 5-0, Ethicon,
Ethicon Inc., Raritan, NJ, USA). Intraoperative, many clear
collections of 2-5 centimeters in diameter were found
within the breast tissue, with a pronounced inflammatory

Figure 2. Histopathological findings of granulomatous mastitis; A -
preserved lobular architecture of the mammary gland (lower left) and
an abscess rimmed by granulomatous inflammatory infiltrate (upper
right); hematoxylin and eosin, 20 x; B — a granuloma containing nu-
merous giant cells protruding into a duct; hematoxylin and eosin, 20 x

component, which blended with the surrounding healthy
breast tissue. The operative wound was drained with two
21 Gauge drains. Operative wound (radial incision on
the border of lateral quadrants) is closed with adsorptive
stitches (Vicryl 5-0).

Antibiotic was not used in postoperative treatment
while there were no signs of operative wound infection.

After reducing the secretion on the drain bags, and re-
moving the drains, the patient was discharged from hos-
pital for further home treatment. Local findings after the
operation are shown on Figure 3. Definitive HP analysis
of operative specimen confirmed GM (Figure 2).

After the operation, the patient was regularly monitored
by the surgeon on a monthly basis.

Since there were no signs of disease relapse (12 months
after primary operation), the patient was suggested second-
ary reconstruction of the left breast with silicone breast
implants. Postoperative breast ultrasound finding was
without signs of disease in the left breast.

Secondary breast reconstruction was performed with
the interposition of a contoured 530 cc silicone breast im-
plant (Mentor Medical Systems B.V, Leiden, Netherlands)
into a muscle pocket made of a large pectoralis mayor and
serratus anterior muscle in a standard manner with libera-
tion of breast skin from muscles.

One year after the secondary operation there are no
signs of local relapses and patient is very satisfied with
esthetical results (Figure 4).

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

Figure 4. Clinical findings after the secondary reconstruction using silicone breast implants; postoperative clinical finding one month after the
operation; reconstructed breast is smaller than the healthy one; in this operative treatment, we have not made contralateral breast reduction
since the patient has shown no interest in performing that procedure
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DISCUSSION

According to our findings, this was the first case of sec-
ondary breast reconstruction using contoured silicone
implants in GM treatment.

Both surgical and nonsurgical (antibiotic therapy, oral
steroids, observation) treatments have been advocated as
the first-line treatments of GM [3-8]. Because the clinical
and imaging features of GM are very similar to those of
breast carcinoma, tissue biopsy remains the gold standard
to confirm the diagnosis [9].

Li [10] believes that GM is self-limiting disease with
good prognosis and suggests that conservative manage-
ment with close surveillance would be the best treatment
modality. In his study, 50% of the patients had spontane-
ous complete resolution of disease after 14.5 months and
did not relapse. When compared to other therapeutically
modalities, observation therapy has the longest recovery
time causing physical and emotional pain [8, 10].

GM is mostly represented like breast infection with
large abscesses and antibiotics (a combination of amoxicil-
lin and metronidazole) are usually used, but many studies
have shown no benefit of this therapeutic model [6, 9, 11].
Many authors have found that GM is in some cases related
to anaerobic Corynebacterium infection [12. 13, 14].

Some researchers believe that the pathogenesis of
GM may be an autoimmune response to the secretion of
mammary ductal proteins, so they use steroids to treat
GM and some positive results have been achieved [10, 15].
Complete clinical and radiological regression was observed
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in 63% of the patients when using methylprednisolone
(0.5 mg/kg/day for four weeks) but with high recurrence
rate (31%) and longer recovery time [15]. Steroid therapy
also has a notable problem that it may have side effects at
high doses. Immunosuppressive therapy is recommended
for patients who have relapsed after steroid therapy and
have steroid resistance or unbearable side effects, but the
therapeutic effect of methotrexate remains unclear [6].
Otherwise, best recovery time is shown after the use of
methylprednisolone and surgery (one month) versus us-
ing only steroid therapy (six months) (p = 0.001) [16, 17].

In terms of recurrence and post-treatment recovery,
surgery has been one of the main treatments since GM
was first reported, and studies including surgical resection
as a first-line treatment showed significantly superior re-
sults compared with steroid therapy alone [3, 5, 6, 16, 17].
Possible surgical treatments include breast conserving sur-
gery and mastectomy (depending on the size of involved
breast tissue with GM [3, 5, 6, 16, 17]. Like nonsurgical
treatment options, surgery, as well, has some disadvantag-
es, primarily bad postoperative aesthetic effect and loss of
breastfeeding. After the breast conservative surgery, recur-
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Performing nipple spearing mastectomy with second-
ary breast reconstruction using silicone breast implants is
aesthetically satisfactory treatment for patients with locally
advanced GM. Further studies are needed to confirm this
hypothesis.
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Mauonatcku rPaHy/10MaTO3HU MaACTUTUC —

MunaH PanucaBmesuh, HeHag LLonajuh, Oeperu Buuko
WHcTnTyT 33 oHKonorujy BojsoauHe, Cpemcka KameHuua, Cpbuja;

YHuBep3uteT y HoBom Cagy, MeguuuHckn daxyntet, Hosu Cap, Cpbuja

CAXETAK

YBoga Vgnonatcku rpaHynomato3Hn mactutuc (FTM) nsysetHo
je peTka BpcTa XpOHUYHe ynasne Aojke Koja ce 061YHO jaBba
Kog, >keHa HakoH nopohaja. 3HauajaH AndepeHLrjanHo gujar-
HOCTWUKIM Npobnem Kog 'M je To LUTO KNMHWUYKKM UMUTHPA Kap-
urHom fojke. Mame ¢popme M ycneLlHo ce Mory TpeTnpatu
OrpaHNyeHrM ekcLM3mjamMa, a paguKaHy TPETMaH NpenopyyeH
je camo y cnyyajeBrMa eKCTEH3UBHUX GOPMM Koje 3axBaTajy
Behu Aeo TKMBa AojKe.

Mpukas 6onecHuka MpBu nperneq 6onecHuLe of cTpaHe
xupypra Ha MHcTuTyTy 3a oHKonorujy BojsogunHe 6o je y
Leuembpy 2018. rogvHe, Kaga je nocTaB/beHA MHULMjaNHa
CyMHba Ha NMoCTOjare KapLMHOMa JIeBe [ojKe, C 0631POoM Ha
KNMHWYKK Hana3. YpaheHa je urneHa 6uorcuja Tymopcke mace,
a NaTOXMCTOMOLWKW Hafa3 rosopuo je y npunor M. bonecHuum
je nHuupjanHo noHyheHa Tepanuja NPeaHN30HOM U MeToTpe-
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HOB NPUCTYN XUPYPLIKOM Neyery

KCaToM, KOjy je OHa ofi6vna 1 NprXBaTia jeAVHO OMnepaTmB-
HY TpeTMaH. Onepauuja je yunteHa HeKONMKO Hefesba HakoH
urneHe buoncuje, Kapa je n3BefeHa CyrnkyTaHa MacTeKToMuja
ca npe3epBaLjomM KOMMneKca apeone 1 mamuse y3 ekcumsujy
CBVX OTBOPA GUCTYNO3HUX KaHasa 1 FMXOBY MPUMapHy CyTypy.
[laToxncToNoLWKM Hana3 onepaTMBHOM MaTepujaia MOTBPAMO je
anjarHo3sy 'M. C 063vpom Ha To fia Hije foLwwno Ao penanca 6o-
NeCTV HaKoH 12 MeceL of NprMapHe onepavyje, bonecHnuu je
NPeasioxKeHO Aa Ce 13Befe CeKyHAapHa PeKOHCTPYKLMja fieBe
[ojKke. V3BeeHa je KOHTYpYPaHUM CUAMKOHCKM MMMIAHTOM
Koju je mnacmpaH y MUWAHK Lien Ha CTaHAapAaH HaumH.
3aksmpyyak CynkyTaHa macTeKTomuja y3 CeKyHAAPHY PEeKOH-
CTPYKUMjy [IOjKe eCTETCKU je MPKXBaT/bUB TPETMAH Kog bonec-
HILA Ca NOKaNHO y3HanpeaoBanum obnvkom M.

KrbyuHe peun: navonatcky rpaHysioMaTo3H1 MacTUTUC; CYMKY-
TaHa MaCTeKTOMMja; CeKyHAAPHa PEKOHCTPYKLMja AojKe
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SUMMARY

Introduction Early breast cancer is usually treated with breast conserving surgery followed by radiation
treatment. Whole breast irradiation is standard of care so far, but currently there is an increasement in
accelerated partial breast irradiation for selected patients which showed many advantages. The aim of
this paper is to present the implementation of the accelerated partial breast irradiation in Oncology
Institute of Vojvodina.

Case outline A 54-year-old woman was referred to radiotherapy after breast conserving surgery. After
she met all of the inclusion criteria, she underwent accelerated partial breast irradiation with 38.5 Gy in
10 fractions. Active breathing control device was used during the treatment and cone beam computed
tomography was performed before each fraction for the purpose of target position control. She termi-
nated therapy in good health condition with only adverse effect of mild radiation dermatitis of irradiated
area. On the first follow up, she was without any symptom or sign of disease or complication.
Conclusion Accelerated partial breast irradiation is safe and effective. Radiation oncologist should be
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encouraged to implement this technique.

Keywords: breast cancer; radiation therapy; accelerated partial breast irradiation

INTRODUCTION

In EU countries incidence of breast cancer
is 109.8/100,000 per year and mortality rate
is 38.4/100,000. Serbia has incidence rate of
60.8/100,000, and each year there are 4000—
4600 new cases diagnosed [1]. Early breast
cancer is usually treated with breast conserv-
ing surgery (BCS) followed by radiotherapy.
Whole breast irradiation (WBI) is commonly
given in 5-6 weeks and 45-50 Gy is delivered.
Boost dose (10-16 Gy) is given to the tumor
bed in most patients, after many studies have
confirmed its benefit [2]. Although it is well
established that radiation therapy (RT) after
BCS decreases local recurrence and improves
overall survival, in practice we are faced with
the fact that patients are discouraged from long
treatment duration and there are many logisti-
cal issues: distance from RT facility, lack of beds
in RT units, lack of transportation, social care
issues, etc. [3]. For all mentioned, an interest to
shorten treatment duration was born.

Accelerated partial breast irradiation (APBI)
is a type of RT when radiation fractions are giv-
en more than once per day and it’s based on the
fact that the most of tumor recurrences are at or
near the tumor bed. Patient selection should be
strict: histology of invasive ductal carcinoma,
size = 2 cm (T1), over 50 years old, negative
surgical margins > 2 mm, no lymphovascular
invasion, positive hormonal receptor status and
BReast CAncer gene negative [4, 5, 6].

The main goal of this paper is to present ex-
ternal beam RT technique of APBI through the
presentation of the first case of this kind per-
formed at the Oncology Institute of Vojvodina.

CASE REPORT

A 54-year-old woman was referred to a radiolo-
gist for regular annual breast examination at the
Oncology Institute of Vojvodina. In the low-
medial quadrant of the left breast ultrasound
examination revealed an impalpable B RADS
4 lesion and CORE biopsy was performed.
Histology showed invasive ductal carcinoma,
no other specification type, grade 3 and, after
the tumor board review, the patient underwent
BCS. Definitive histology was invasive ductal
carcinoma, grade 2, pT1bNO without lympho-
vascular invasion, hormone receptor positive
and HER 2 negative, Ki-67 was 30%. five clips
were placed in tumor bed. The patient decided
to decline adjuvant chemotherapy and continue
with anastrozole and RT as the tumor board
recommended. She fulfilled all of the criteria
for APBI and after signing written consent she
started with preparation for external beam RT.
For the reason that tumor was left-sided, medi-
ally located to be more precise, it was decided
to use Active Breathing Control device (ABC,
Elekta Crawley, Crawley, UK) during the treat-
ment (Figure 1).
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Figure 1. Active breathing control device (ABC, manufacturer Elekta
Crawley, Crawley, UK)

She was scanned in supination with breast immobilizing
device (Wing-board, Civco Medical Instruments Co Inc.,
Orange City, IO, USA). Eighty percent of maximum inhale
volume was used as the reference line for further radio-
therapy daily treatment fractions. First step in delineation
was to define surgical cavity which includes surgical clips
and change in surrounding tissues. Clinical target volume
(CTV) was created as expansion of 15 mm around the
surgical cavity and planning target volume was created by
adding a 5 mm margin to the CTV (Figure 2).

Skin, lungs, heart, and contralateral breast were con-
toured as organs at risk. Dose prescription was 38.5 Gy in
five days (two daily fractions of 3.85 Gy) [3]. Treatment
planning (volumetric arc therapy) was performed by treat-
ment planning system Monaco v 5.11 (Elekta Crawley) by
two medical physicist and dose-volume histograms was
analyzed together with two radiation oncologists. All of
the organs at risk received radiation doses within tolerance
limits [4] (Figure 3).

Treatment was image-guided, cone beam computed
tomography (CT) was performed before each fraction

Figure 2. Target structures for accelerated partial breast irradiation:
surgical cavity (red), clinical target volume (green), planning target
volume (blue)

to ensure that target position was correct. Matching was
done for bone structures and for soft tissue separately for
every fraction. Up to 5 mm shift was allowed for target
position and correction was automatically performed by
the software XVI (Elekta Crawley), installed on the accel-
erator. During the treatment, radiation dermatitis grade
I occurred at the third fraction in the irradiated area and
afterwards the patient treated the affected skin with emul-
sions. Erythema persisted until the end of the treatment.
Performance status of the patient was ECOG 1 (Eastern
Cooperative Oncology Group) during entire treatment,
and she did not experience any other complication. Two
weeks after the end of therapy, irradiated breast skin was
completely healed, the patient was feeling well without any
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health disturbances. At first follow-up, two months after
radiotherapy termination, she was feeling well, without
any signs of disease or complications.

DISCUSSION

During the past decades, breast cancer radiotherapy moved
towards reducing treatment duration. First, START A
and START B studies have showed that post-lumpectomy
RT in duration of three weeks is safe and effective [7, 8].
Second, good cosmetic results were evident. These find-
ings enabled other radiation treatment schemes. Interstitial
brachytherapy was the first developed APBI technique
[9]. After positive results of long term follow up studies,
this technique was accepted in experienced centers as
comparable to WBI in terms of efficacy and toxicity [9,
10]. Furthermore, there is a novel approach to delivery of
APBI - image guided breast brachytherapy that maintains
a high level of precision by using breast immobilization via
breast compression and image guidance [11]. Irradiation
of tumor bed immediately after surgical procedure was
investigated in TARGIT A and ELIOT study [13, 14].
Due to the controversies of some aspects of these studies,
intraoperative RT is not currently widely accepted.

Baglan was the first to initially describe external beam
radiotherapy based APBI [14]. It can be performed as “sim-
ple” 3D RT, intensity modulated radiotherapy, volumetric
arc therapy, with photons, electrons or as proton therapy.
External beam APBI technique starts with identification
of tumor localization before BCS inside the breast and
translating this information into current imaging data set
[15]. Total safety margin from tumor in all six directions
should be at least 2 cm. For tumor delineation, first step
is to define surgical cavity on CT scans, which includes
surgical clips and change in surrounding tissues or tumor
cavity according to ultrasound or magnetic resonance
imaging, and second step is delineation [16, 17]. In the
presented case, surgical cavity was defined using visible
tive clipses on CT scans.

The main advantage of external beam RT APBI is that it
is non-invasive, the treatment does not depend on manual
skills of the staft that performs therapy and quality assur-
ance issues are simpler compared to brachytherapy. Dose
homogeneity is better compared to brachytherapy and
balloon catheter techniques. On the other hand, defin-
ing surgical cavity is a potential problem and substantial
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In conclusion, it needs to be emphasized that APBI is
a cost-effective technique. Treatment costs are reduced
and the patient gets back to their normal activities sooner.
Radiation oncologist should be encouraged to implement
this technique, especially in low- and middle-income
countries with limited resources.
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MmnnemeHTayuja akuenepucaHe napuujanHe upagujaumje gojke y UHctutyty 3a

OHKonorujy BojsoauHe

Onugepa VBaHoB'?, JeneHa JinumnHa'? bopucnasa Metposuh'?, JeneHa Tpuekosuh', MiunaHa MapjaHosuh'?

"MHcTuTyT 33 oHKonorujy BojsoauHe, Cpemcka Kamenuua, Cpbuja;

2Ynneep3utet y Hosom Cagy, MeguuuHckm dpakyntet, Hosu Cag, Cpbuja;
*YHueep3uTtet y Hosom Cagy, lMpupoaHo-matemaTinuku dakynter, lenaptmaH 3a ¢pu3uky, Hosun Cag, Cpbuja

CAMETAK

YBogp NowTegHa onepaumja fojKe y3 pagnoTepanujy je cTaH-
fapAHV NPUCTYN Y fleyetby paHor KapuyHoma fojke. [lo caaa
je Hajuewhe 6rna NpumerMBaHa Upaavjaurja Lene fojke,
mehyTuMm, CBe BULLE je y ynoTpebu akuenepricaHa napuujanHa
npapmjauuja, Koja je nokasana 6pojHe NpegHOCTH KO cenek-
TOBaHMX NauujeHara.

Linsb oBor paga je npukas nmnnemeHTaumja akyenepmcaHe
napuuvjanHe npagujaunje gojke y MHCTUTyTy 3a OHKOMOrnjy
BojsogmHe.

Mpuka3s 6onecHuka Ko 54-roguilitbe XeHe je NHAUKOBaHa
papnoTepanuja fojke HakoH nowwTeaHe onepauyje. C 0631pom
Ha TO Aa je UCMyHWNa CBe KpUTepUjyMe, OfTyU€eHO je Aa Ce Cnpo-
Befie akuenepuncaHa napuvjanHa npagvjauuja gojke ca 4o3om

Srp Arh Celok Lek. 2022 Jan-Feb;150(1-2):104-107

38,5 rpeja y 10 dppakuuja. Y ToKy pagnotepanuje cBakoaHeB-
HO je KopulwheHa akTUBHa KOHTpoOIa Ancatba nomohy ypehaja
1 KOMMjyTepu3oBaHa ToMmorpaduja Kynactum rnosbem pagm
KOHTpOJie no3uunje mete. bonecHuua je 3aBpLunna Tepanujy
y AOOPOM OMLUTEM CTakby, Ca jeANHUM HEXerbeHUM eheKTOM y
BUAY 6naror paamjauoHoOr JepMaTuTica pagmpaHe peruvje.
Ha npBoj KOHTponu HWje MMana HujefaH CUMMITOM UK 3HaK
601ecTu, HUTU KOMMNKALILjY.

3aksbyyak AkLienepucaHa napuuvjanHa upagujaunja gojke je
6e36esHa 1 epumKacHa. PagmjaLiMoHIM OHKONO3MMa ce Npeno-
pyuyje nMmniemeHTaLmja oBe TEXHUKeE.

KmbyuHe peun: KapyMHOM A0jKe; pagunoTepanija; akLenepu-
CaHa napuujanHa upagujauuja fojke
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SUMMARY

Gluten-related disorders are a heterogeneous group of clinical entities caused by intolerance to wheat,
rye, and barley flour components. They occur in 3-5% of genetically predisposed persons and, based on
pathogenic and clinical features, are classified into celiac disease, non-celiac gluten sensitivity, and wheat
allergy. There are also specific entities such as dermatitis herpetiformis or gluten ataxia, which can occur
either within the celiac disease or independently. This article based on the current knowledge shows
the basic details of the pathogenesis, clinical expression, diagnosis, and treatment of these disorders.

Keywords: celiac disease; wheat allergy; non-celiac gluten sensitivity; gluten ataxia; dermatitis herpeti-

formis

INTRODUCTION

Gluten-related disorders (GRDs) cover a
group of heterogeneous immune-mediated
clinical conditions triggered by the ingestion
of wheat, rye, and barley flour [1, 2, 3]. GRDs
are in second place among the most frequent
food intolerances. They affect about 3-5% of
the genetically predisposed human population
[4-7]. Classification of GRDs based on varia-
tions in pathogenesis and clinical expression
identifies celiac disease, non-celiac gluten sen-
sitivity, and wheat allergy [1-4, 8]. As a specific
manifestation of the celiac disease or specific
clinical entities within the GRDs, gluten ataxia
and dermatitis herpetiformis are separated [1,
8-13]. Underlying the pathogenesis of the ce-
liac disease, dermatitis herpetiformis, and glu-
ten ataxia is the immune system’s response to
gluten intake, IgE-mediated and/or non-IgE-
mediated immune response in wheat allergy,
and stimulation of the innate immunity with
direct cytotoxic effects of gluten and some non-
immunological mechanisms in non-celiac glu-
ten sensitivity [1-4, 8, 14]. The basis of the treat-
ment of GRDs is a gluten-free diet [1-4, 8, 15].

CELIAC DISEASE

Celiac disease (CD) is a lifelong systemic au-
toimmune disorder induced by gliadin and
related prolamins of wheat, rye, and barley

[1, 16, 17]. Prevalence is about 1% of the gen-
eral population of European, North African,
Indian, and Middle Eastern origin with appro-
priate genetic foundation [18]. The frequency
of CD is more common among close relatives
of the diseased, especially those of the first line
(~10%) and in patients with other autoimmune
diseases (3-10%), such as diabetes mellitus type
I, autoimmune thyroiditis, Sjogren’s syndrome,
Addison’s disease, autoimmune liver diseases,
juvenile idiopathic arthritis, myasthenia gravis,
systemic lupus erythematosus, psoriasis, dilated
cardiomyopathy, and others [4, 19]. Multiple-
major prevalence of the CD is also recorded in
the IgA selective deficit, as well as in Down,
Turner, and Williams syndrome [20, 21].
Gluten-sensitive enteropathy is one of the
most common findings in patients with CD.
This type of enteropathy is nonspecific, affects
the small intestine and recedes after switching
to a gluten-free diet. Enteropathy in patients
with CD can be symptomatic and asymptom-
atic, and various extraintestinal manifestations
and complications are possible [16, 17, 22].
There is no doubt that there is a significant
influence of genetic factors in the appearance
of CD and its hereditary nature. HLA class II
genes have the central role, but it is almost cer-
tain that there is influence of other gene loci
as well [1, 23]. HLA DQ2 haplotype is identi-
fied in about 90% and HLA DQ8 haplotype
in about 10% of patients with CD [23, 24,
25]. However, the disease expression, besides
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genetic predisposition and exposure to gluten, also requires
the influence of other external factors [1, 23, 26]. Gliadin
peptide hydrolysate binds to the HLA class II glycoproteins
on antigen-presenting cells (APC) inducing the activation
of intestinal CD4+ T-lymphocytes which, by secreting pro-
inflammatory cytokines, lead to inflammation of the small
intestinal mucosa [23]. This process is preceded by tissue
transglutaminase-mediated deamination of the glutamine
residue of gliadin hydrolysate, which increases the affin-
ity of their bonding with HLA DQ2 and DQ8 molecules
[23]. Humoral immunity also plays a significant role in
the pathogenesis of CD, which is confirmed by the pres-
ence of autoantibodies to reticulin, endomysium, tissue
transglutaminase, and other body structures [22, 23]. The
duodenum and the proximal part of the jejunum are most
often affected by changes [23]. According to the modified
Marsh criteria, inflammation of the small intestinal mu-
cosa is classified into infiltrative, infiltrative-hyperplastic,
and destructive [27]. Destructive enteropathy is addition-
ally classified into partial, subtotal, and total.

The symptomatic form of the disease has two modes
of clinical presentation (classical and non-classical) and is
less frequent compared to the asymptomatic form [1]. In
the classical clinical presentation, chronic diarrhea, mal-
absorption, and secondary malnutrition are most often
observed, while in the non-classical form, extraintestinal
manifestations such as isolated hypertransaminasemia,
constipation, iron deficiency anemia, chronic fatigue,
abdominal pain, aphthous stomatitis, short stature and
delayed puberty, infertility, enamel hypoplasia, decreased
bone density (osteopenia or osteoporosis), polyneuropathy,
alopecia, epilepsy, depression, anxiety, and others are most
common [1, 17, 23, 28, 29]. Newborns and young children
usually have the classic clinical form of the disease, unlike
older children and adults. [23]. In CD diagnosed too late or
treated inadequately, very serious complications are pos-
sible, such as “cell crisis” in children of the youngest age,
i.e., total gastrointestinal insufficiency followed by severe
hydro-electrolytic and nutritive disbalance, or T-cell small
intestinal lymphoma, intestinal adenocarcinoma, ulcerative
jejunoileitis and refractory sprue in adults [23, 30].

The main way to diagnose CD is enterobiopsy with sub-
sequent pathohistological analysis of the small intestinal
mucosa [31]. According to the latest recommendations
of the European Society for Pediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) defined in 2010,
this procedure is necessary not only in patients with symp-
toms and/or signs corresponding to CD, but also with pres-
ent IgA antibodies to tissue transglutaminase (AtTG) above
100 U/ml, positive anti-endomysial antibodies and “celiac
HLA® (DQ2 and/or DQ8) [32, 33]. The diagnosis of CD
could be verified by the clinical recovery and AtTG disap-
pearance after introducing a gluten-free diet [16]. Such at-
titude in the CD diagnostics is based not only on high sensi-
tivity and specificity of IgA AtTG as a serological marker of
the disease (> 95%) but also on a highly significant correla-
tion of their titer with the degree of small intestinal mucosa
damage, as well as on the almost unavoidable (> 98%) pres-
ence of HLA DQ2 and/or DQ8 [16]. Serological indicators
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of the disease, such as autoantibodies to endomysium and
tissue transglutaminase, and antibodies to deaminated
gliadin peptides, have high sensitivity and specificity, but
not an absolute diagnostic validity [16]. Therefore, they
are primarily used in the detection of asymptomatic and
atypical forms of the disease, as well as in the assessment
of the consistency of elimination diet in cases with the al-
ready verified disease [32]. The latest ESPGHAN criteria
recommend gluten provocation test and subsequentional
patohistological analysis for confirmation or exclusion of
CD in cases where gluten-free diet was introduced before
enterobiopsy, in cases where patohistological findings were
not typical, and in cases where samples for patohistological
analysis were too small or inadequate for final decision.
This procedure should not be conducted before the sixth
year of life and during puberty because of the negative in-
fluence on permanent teeth and growth [16, 31].

Because CD is a lifelong disorder, the gluten-free diet
is the foundation of successful treatment [1, 16, 33]. Some
additional treatment such as supplementation of iron and
folates as well as other vitamins and microelements could
be required especially during the initial phase of treat-
ment. Restriction of lactose intake may also be required
in some patients [34]. Semi-elementary and/or additional
parenteral nutrition, edema removal, and stabilization of
the water-salt balance could be required in patients with
severe forms of the disease. Sometimes, short-term gluco-
corticoid therapy is used [35].

GLUTEN ATAXIA

Gluten ataxia (GA) is one of the most frequent and se-
rious gluten-induced autoimmune neurological diseases
with clinical presentation mainly in the middle and late
adult age [1, 9, 10]. It occurs as a result of damage to the
cerebellum as one, and sometimes the only manifestation
of the CD [8, 36]. Gluten-induced ataxia also occurs in
the absence of CD [37, 38]. Antibody cross-reactivity may
be one of the mechanisms involved in GA pathogenesis
because of the similarity between gluten proteins and an-
tigenic epitopes on Purkinje cells [36]. Diagnostic delay
leads to an irreversible loss of Purkinje cells, followed by
permanent neurological damage [8, 39]. GA is most often
manifested with dysarthria, pyramidal dysfunction, gait
problems, limb ataxia, pyramidal dysfunction, altered eye
motion, progressive loss of stability, and inability to stand
straight [8, 9]. Less than 10% of GA patients have gastro-
intestinal symptoms and about one-half have small intes-
tinal histology compatible with CD [39]. Immunoassays
of patients with GA show positive IgA and/or IgG antiglia-
din antibodies, presence of antibodies to TTG2 (from the
gut), and TTG6 (from brain tissue) [8]. In most patients at
the time of diagnosis, brain magnetic resonance revealed
cerebellar atrophy [8, 9]. GA therapy involves a rigorous
gluten-free diet throughout life, which reduces disability
and prevents further progression of the disease [8, 9, 39].
When the diet does not give satisfactory results, immuno-
suppressive drugs can be used [37].
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DERMATITIS HERPETIFORMIS

Dermatitis herpetiformis (DH) is an autoimmune skin
disease that usually occurs within CD and manifests with
blistering rash and cutaneous IgA deposits. It may present
at any age, but it predominantly presents in middle-aged
persons [1, 13, 25]. It was found to be more frequent in men
than in women, contrary to other autoimmune diseases,
but some recent studies point out that sex imbalance may
reduce with incising age, and may not be so profound [40].
Also, an Italian large study revealed interesting findings of
the high prevalence of DH within the pediatric population,
which is usually underreported [13]. DH is characterized by
cutaneous lesions that are polymorphic in nature, relapsing
and itching, localized on the face, shoulders, knees, elbows,
buttocks, and sacral region. Typical CD HLA haplotypes
(DQ2 and DQY) are usual for patients with DH. Although
the gastrointestinal symptoms in DH are rare and mild, a
higher number of intraepithelial lymphocytes and celiac-
type intestinal atrophy are present in almost 70% of patients
with apparently normal biopsy findings. Tissue transgluta-
minase (TTG2) specific autoantibodies could be found in
the small bowel mucosa and serum of patients with DH and
CD, but skin biopsy in DH shows typical TTG3-(epidermal
transglutaminase) targeted IgA antibodies [13]. Strict and
timely introduced lifelong gluten-free diet alleviates cutane-
ous symptoms, improves enteropathy symptoms, and mini-
mizes the risk for complications, especially small intestinal
B-cell lymphoma [17]. For the same patients, Dapson helps
ease itching and controls the development of cutaneous
lesions [17, 41].

WHEAT ALLERGY

Wheat allergy (WA) is IgE-mediated and/or non-IgE-
mediated allergic adverse reaction to wheat proteins.
According to clinical manifestation, WA can be divided
into (1) classical form of food allergy with the involvement
of gastrointestinal tract, skin, and possibly respiratory
tract, (2) inhalant allergy (Baker’s asthma and rhinitis), (3)
wheat-dependent, exercise-induced anaphylaxis (WDEIA),
and (4) contact urticaria. In Europe, the reported preva-
lence of WA is 3.6% for all ages [8].

WA is characterized by the following symptoms: skin
rash, wheezing, itching, and swelling in the mouth, nose,
eyes, and throat (typical IgE-mediated allergy symptoms),
gastrointestinal symptoms like cramps, bloating, diarrhea,
but WA can sometimes manifest itself with anaphylactic
shock. Allergens that most commonly trigger WDEIA are
alfa-amylase inhibitors and a subtype of grain protein, w-5
gliadin [8, 42].

In establishing WA on wheat proteins can be measured
by specific IgE antibodies and skin reactions. An oral prov-
ocation test is usually required to confirm the diagnosis
since the level of specific IgE antibodies and skin reac-
tions exhibit low specificity and sensitivity. A double-blind
placebo-controlled trial is considered a gold standard for
the diagnosis of food allergy but, in clinical practice, the
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reduction in symptoms associated with a wheat-free diet
indicates that WA is present. In those who have exhibited
wheat-induced anaphylaxis, oral provocation should never
be done [8, 14].

Usually, patients with WA are not allergic to other cereal
prolamines in rye, barley, and oats, and their diet is less re-
strictive than that in CD. Elimination of wheat products is
the basis of treatment of WA. In children with predominant
gastrointestinal manifestations, as with other food allergies,
75% of wheat tolerance develops in adolescence [14, 17].

NON-CELIAC GLUTEN SENSITIVITY

In the past decade, non-celiac gluten sensitivity (NCGS)
has received growing attention. Studies report that preva-
lence ranges 0.63-6% due to the challenging diagnosis [4,
42, 43]. The diagnosis of NCGS is established when CD
and WA are excluded, and the same improvement in ex-
traintestinal and gastrointestinal symptoms is observed
after the introduction of a gluten-free diet [1]. Also,
symptoms display significant overlap with irritable bowel
syndrome. Although CD and NSGS may have similar
symptoms, a careful retrospective investigation revealed
that there are some differences in the clinical presenta-
tion between NCGS patients and CD patients. nutrient
deficiency, malabsorptive symptoms, and autoimmune
diseases are rarer in NCGS patients than in CD patients.
Abdominal discomfort, bloating, meteorism, diarrhea,
‘foggy mind, fatigue, headache, and joint pain are most
commonly reported as symptoms in patients with NCGS
[4]. The pathogenesis of the disease is not clear, but some
explanations include the activation of the innate immune
response and mediation of the immunological system [44].
Regarding genetic susceptibility, HLA-DQ2 and HLA-
DQ8 haplotypes could be found in half of the patients
with NCGS, which is lower than that in CD patients, but
not as low as in the general population [45]. NCGS fre-
quently occurs in parents, siblings, and children of patients
with CD, predominantly in females [46]. Serological tests
show that more than half of the patients with NCGS have
anti-gliadin antibodies (AGA) IgG antibodies in circula-
tion, which disappear after gluten withdrawal. In clini-
cal practice, physicians have to be aware that AGA IgG is
not a reliable serologic marker for NSGS because it can
be detected in various autoimmune diseases, and among
healthy people as well [47]. Although gluten and other
protein components of grain cereals (a-amylase trypsin
inhibitor) can be responsible, they are not the only ones
that could cause symptoms. Some grains and cereals are
rich in fermentable oligosaccharides, disaccharides, mono-
saccharides, and polyols (FODMAPs), which can cause
gastrointestinal symptoms as well. Intake of food with low
levels of FODMAPs can lead to a significant reduction in
symptoms even if gluten has not been eliminated from the
diet. Although groceries without gluten often have low
levels of FODMAPs, patients recognized as NCGS suffer
from irritable bowel syndrome with symptoms resulting
from consuming FODMAPs rather than gluten [17].
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For now, the diagnosis is still based only on the ex-
clusion of CD and WA in addition to the double-blind
placebo-controlled study, which is ideal but not always
possible in clinical practice [17]. Starting a gluten-free diet
establishes improvement in most patients, but the diet does
not need to be strict, because inadvertently introduced
traces of gluten usually do not cause symptoms [4, 8]. It is
still unknown whether NCGS is a permanent condition in
all patients [48, 49, 50].

CONCLUSION

GRDs make a heterogeneous group of clinical entities
caused by genetically determined intolerance to wheat,
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CAXETAK

Mopemehaju Be3aHu 3a FyTeH Cy XeTeporeHa rpyna KnmHnuY-
KMX EHTUTETA KOjW HaCTajy yCnef HenoaHoLWeHa KOMMOHeHa-
Ta MLUEHVYHOT, jeUMEHOT 1 paXKeHOT bpallHa 1 UCMosbaBajy ce
06MYHO KO FeHeTCKM NpefucroHnpaHnx ocoba. Ha ocHoBy
MaTOreHETCKUX W KIIMHNYKUX KapaKTepUCTrKa Knacudukyjy ce
Ha LenmnjauyHy 6onect, aneprujy Ha nieHMYHo 6PaLLHO 1 Helje-
NjayHy OCET/bUBOCT Ha ryTeH. Kao cneunduuHm eHTuTeTH,
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NPYICYTHN y OKBUPY LiennjayHe 6onectu unw 6es re, nsasajajy
Ce MyTeHCKa aTakcuja 1 XxepneTnopmHmn iepMaTuTuc. Y oBoM
unaHky, 6asMpaHom Ha CaBpeMeHUM Ca3HatbiMa, NpYKasaHu cy
OCHOBHW ieTasby BE3aHU 3a NaToreHesy, KNNHNYKY ekcnpecujy,
AVjarHoCTVKY 1 Tepanujy oBrx nopemehaja.

KmbyuHe peun: uenujauHa 6onect; rnyTeHcKa aTakcuja; xep-
neTMPopMHM AePMaTUTUC; anepruja Ha MieHNYHo BpaLlHo;
HeLenmnjayHa rnyTeHCKa CEH3UTVBHOCT
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SUMMARY

Intravesical BCG (Bacillus Calmette-Guerin) therapy represents the therapy of choice for intermediary-
and high-risk non-muscle invasive bladder cancers after transurethral resection. However, up to 40% of
these patients do not show adequate response to the therapy (BCG failure) and 15% of them experience
the progression of the disease to muscle-invasive bladder cancer. In such cases, radical cystectomy is
indicated. Studies suggest that early radical cystectomy in patients with BCG failure is followed by better
survival compared to delayed radical cystectomy. The prediction of response to BCG therapy could en-
able early identification of patients on which this therapy would have no effect and who should undergo

early radical cystectomy.

Keywords: bladder cancer; intravesical BCG therapy; BCG failure; radical cystectomy

INTRODUCTION

Non-muscle invasive bladder cancers (NMIBC)
are malignant urothelial bladder cancers that
do not invade the detrusor. NMIBC are di-
vided into pathological subcategories — Ta and
Tis (which are limited to urothelium) and T1
(which invades lamina propria) [1]. After trans-
urethral resection of bladder tumor (TURBT),
T1 and Tis tumors are much more likely to
cause recurrence or disease progression.

In order to assess the individual risk for pro-
gression of the disease, several scoring systems
and tables of risk have been developed [2]. The
choice of the adequate modality of treatment is
made on the basis of risk groups. For the low-
risk tumors, it is recommended to use one dose
of intravesical chemotherapy immediately after
TURBT. For the intermediate-and high-risk tu-
mors, it is recommended to use adjuvant BCG
intravesical therapy after TURBT, during the
period of 1-3 years, depending on the level of
risk [3].

Up to 40% of patients with intermediate-
and high-risk NMIBC do not show adequate
response (absence of refractory disease after the
first or the second induction cycle of BCG) to
the therapy (BCG failure) and 15% of patients
experience the progression of the disease to
muscle-invasive bladder cancer [4]. Early rad-
ical cystectomy is indicated for patients who
did not show the adequate response to BCG
therapy. Ninety-two percent of patients with
BCG failure reach two-year survival if radical
cystectomy is performed in a period shorter
than two years since the beginning of BCG
therapy. If radical cystectomy is performed
later than two years since the beginning of BCG

treatment, two-year survival rate falls down to
only 56% [5]. Since the postponement of radi-
cal cystectomy is accompanied by significantly
lower survival rate, the proper identification of
patients who have a high risk of BCG failure is
crucially important.

UNSUCCESSFUL RESPONSE TO
INTRAVESICAL BCG THERAPY - BCG
FAILURE

BCG failure is defined as recurrence or persis-
tence of urinary bladder carcinoma of high-
grade during or after BCG therapy [3]. The ap-
pearance of low-grade relapses during or after
BCG therapy does not represent a BCG failure.
Having in mind the heterogeneity of bladder
tumors that show BCG failure, they are fur-
ther classified into three specific types: BCG-
refractory, BCG-relapse, and BCG-intolerant.

BCG-refractory condition is defined as the
impossibility of achieving disease-free state or
as persistence of high-grade urinary bladder
carcinoma six months after the initiation of the
adequate BCG treatment [6].

BCG-relapse tumors represent high-grade
tumors which reappear after the disease-free
status is attained, upon the completion of BCG
therapy. BCG-relapse failure may be sub-clas-
sified as early (during the first 12 months from
the initiation of BCG therapy), intermediary
(12-24 months from the initiation of therapy),
and late (after more than 24 months) [3].

BCG-intolerant state represents the per-
sistence of the disease when adequate BCG
therapy cannot be applied because of its side
effects and complications [6].
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BCG-unresponsive tumors encompass all BCG-
refractory and some BCG-relapse tumors (TaT1/HG tu-
mors which reappear in the period of six months from
the completion of BCG therapy or the appearance of car-
cinoma in situ (CIS) in the period of 12 months from the
completion of BCG therapy). BCG-unresponsive patients
are a sub-group of patients with the highest risk of recidi-
vism and disease progression, so the continued adminis-
tration of BCG therapy would have no effect on them [6].

PREDICTORS OF RESPONSE TO BCG
IMMUNOTHERAPY

Predictors of response can be divided into clinical-path-
ological, molecular, and genetic. Studies of interrelation
between clinical-pathological factors and disease pro-
gression/recurrence risks enabled the creation of a scor-
ing system for disease progression and recurrence risk
assessment. European Association of Urology (EAU)
NMIBC 2021 scoring model enables risk assessment only
in relation to disease progression, but not in relation to
recurrence [2]. On the other hand, Club Urolégico Espaiol
de Tratamiento Oncologico (CUETO) prediction model
enables both progression and recurrence prediction af-
ter 12 intravesical BCG instillations, administered in the
period of five to six months after TURBT. This model in-
corporates seven clinical-pathological parameters: T stage
(Ta, T1), grade (G1, G2, G3), number of tumors (< 3, > 3),
concurrent carcinoma in situ, presence of recurrent tu-
mors, age (< 60, 60-70, > 70), sex [7]. In comparison to
the European Organisation for Research and Treatment
of Cancer (EORTC) model, recurrence risk assessed on
the basis of 2006 CUETO model (based on six clinical-
pathological factors) is lower for all risk groups, while the
risk of progression is lower only for high-risk patients. This
points to the protective effect of BCG therapy. Additional
studies confirmed that CUETO model is more accurate,
although it has been noted that both models overestimate
the progression and recurrence risk for high-risk patients
[7, 8]. Seeing that EORTC prediction model is based upon
the results of the trials where the patients were predomi-
nantly treated with intravesical chemotherapy, its reliability
for the prediction of BCG-failure is limited. Conversely,
the shortcoming of the CUETO model is the fact that it is
based upon the results of the trials where the patients were
predominantly treated with adjuvant BCG therapy over the
period of one year. For that reason, this model does not
allow for a clear prediction of response to BCG therapy in
high-risk patients, since they should receive BCG therapy
during three years [9].

Many authors studied immunomodulatory effects of
sex hormones and their influence on the effect of BCG
therapy. The studies upon which the CUETO model is
based have shown that female sex represents an important
recurrence predictor [8].

A trial from 2007, which included 805 patients with
high-grade Ta, T1, or CIS treated with intravesical BCG
therapy, showed gradual attenuation of therapy response

‘ DOI: https://doi.org/10.2298/SARH210928009R
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connected with age [10]. Despite this, BCG shows higher
efficacy than intravesical chemotherapy for patients older
than 70 years with TaT1 tumors of intermediary and high
risk [11].

Ferro et al. [12] detected that obesity is significantly
connected with an increased risk of recurrence (hazard
ratio, HR: 5.33) and progression (HR: 2.52) of disease in
patients with T1G3 tumors.

Smoking has a proven immunosuppressive effect, due
to which it can represent one of the additional factors sus-
pected of having an impact on the effect of intravesical
BCG therapy [13].

In a study from 2020, De Jong et al. [14] examined the
connection between sub-staging T1 and the occurrence
of BCG failure. In relation to the degree of invasion of
lamina propria, T1 tumors are divided into two groups -
microinvasive and extensively invasive. Extensive invasion
of lamina propria was statistically significantly related to
the occurrence of BCG failure (p = 0.002) [14]. In a study
by Herr et al. [15], residual T1 tumors were detected in
26% of patients after a second-look TURBT (indicated for
high-risk tumors four to six weeks from the initial resec-
tion). Despite the administration of BCG therapy, disease
progression to muscle invasive bladder cancer was detected
in 82% of patients from this group. These data imply that
for a certain number of patients with high-grade T1 tu-
mors and residual T1 tumors after a second-look TURB
an early cystectomy is a better therapeutic strategy than
BCG therapy and other bladder-sparing strategies [16].

Inflammatory response triggered by the cellular im-
mune system is the basis of anti-tumor effect of BCG
immunotherapy [16]. Several authors assumed that the
determination of a patient’s capability to generate an ad-
equate immune response would be an important predictor
of response to BCG therapy. Multivariate analysis showed
that interleukin-2 (IL-2) level in urine represents an inde-
pendent prognostic factor for the occurrence of response
to BCG therapy [17]. In a study authored by Saint et al.
[18], patients with urinary IL-2 concentration below 27 pg/
umol of creatinine after the induction cycle of BCG therapy
had a statistically significantly higher risk of recurrence in
comparison to the patients with higher values (p = 0.0009).
Kaempfer et al. [19] analyzed the expression of genes for
IL-2 in mononuclear cells of peripheral blood during BCG
therapy, by analyzing the appearance of IL-2 messenger
RNA (mRNA). By comparing the patients with remission
and with relapse of the disease, they noticed a statistically
significantly higher level of IL-2 mRNA induction in pa-
tients with remission (p = 0.0001). Multivariate analysis
showed that IL-2 mRNA induction has also been associ-
ated with the prolonged disease-free period (p = 0.0001)
[19]. IL-8 is also a potential biomarker of response to BCG
therapy. A study from 2017 showed with statistical signifi-
cance that recurrence-free survival (RFS) was shorter in pa-
tients with higher levels of IL-8 in comparison with patients
who had lower levels of this cytokine (14 months vs. > 78.4
months, p = 0.004) [20]. Programmed death-ligand 1 (PD-
L1) is a transmembrane protein which can be expressed
on the surface of a tumor and tumor-infiltrating immune
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cells. Patients with CIS treated with adjuvant BCG therapy
display an increased expression of PD-L1 in the group of
BCG non-responders in comparison to BCG responders
(p = 0.035; OR: 0.1204; CI 95%: 0.0147-1.023) [21]. The
proteins of the cell cycle (TP53, retinoblastoma protein,
and Ki-67) have also been analyzed as potential immuno-
histochemical predictors of response to BCG therapy. A
meta-analyses from 2016 and 2018 showed the connection
of the TP53 and Ki-67 hyperexpression with the disease
progression in NMIBC patients [22].

Genetic polymorphisms may influence the response on
intravesical BCG therapy. Polymorphisms of nucleotide
excision repair genes, characterized by the appearance of
variant alleles XPA, XPC, ERCC6, XRCCI, and ERCC2,
are associated with the decreased RFS in patients who
underwent BCG therapy [23]. A systemic review from
2016 points out that polymorphisms of IL-6 and IL-4
genes are associated with an increased risk of recurrence
during BCG therapy, while polymorphisms of IL-8 and
tumor necrosis factor-a genes are statistically associated
with the decreased risk of recurrence [24]. Decobert et al.
[25] point out that the appearance of two variant alleles of
the natural resistance-associated macrophage protein gene
(NRAMP-1) is statistically significantly associated with
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the decreased RFS in patients who received BCG therapy.
Although the detection of genetic polymorphisms has sig-
nificant potential for predicting response to BCG therapy,
these results should be further confirmed.

CONCLUSION

The prediction of response to BCG therapy could enable a
better selection of patients for this type of therapy, as well
as the early identification of patients on which this therapy
would have no effect and who should undergo early radical
cystectomy. Clinical practice showed that, most commonly
used, clinical-pathological parameters are often insufficient
in relation to the prediction of response to BCG therapy.
Therefore, a large number of studies are now focusing on
molecular and genetic predictors. Cytokines, among which
IL-2 in particular, and also the studies with immunobhis-
tochemical markers (in particular PD-L1/PD-1) show
promising results. Further research and inclusion of new
clinical-pathological predictors, as well as larger studies on
molecular and genetic markers, are necessary in the future.
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MpepukTopu oarosopa Ha BCG Tepanujy Koa KapumHoma moKpahHe 6elunke

6e3 3axBaTarba muwmnhHor cnoja

Munat PagosaHoBuh'2, Munow Metposuh', Besbko LanTpuh'2, Anekca 3y6enunh?
'YHMBEP3NTETCKM KNUHIYKM LeHTap Cpbuje, KnuHika 3a yponorujy, beorpag, Cp6uja;

2Ynusepautet y beorpaay, MegnunHcku akyntert, beorpag, Cpbuja

CAXETAK

WHTpaBe3ukanHa BCG (Bacillus Calmette-Guerin) umyHoTtepa-
nvja npefcTaBsba Tepanujy n3bopa Kog KapLmHomMa MoKpahHe
6elumke 6e3 3axBaTatba MULLMAHOT Cll0ja yMepeHorT 1 BUCOKOT
pvi3uKa nocsie TpaHCypeTpanHe pecekumje. MehyTum, Ko yak
40% oByix 60necH1Ka 130cTaje ofrosop Ha BCG Tepanujy (eHrn.
BCG failure), a kop 15% Hux gonasm fo nporpecuje 6onectu 'y
KapLyHom MoKpahHe 6elurke ca 3axBaTatbeM MULLMAHOT Cloja.
Kop 6onecHuKa Koju HUCy ogroBopunu Ha BCG Tepanujy uHau-
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KOBaHa je paguKanHa umctektomuja. lNpumeHa paHe pagukanHe
LMCcTEKTOMMje Ko OBUX 6oniecHKa npaheHa je 60/brM Npexu-
B/baBatbeM Yy OAHOCY Ha OANIOXKEHY PaguKaHy LUCTEKTOMM]Y.
MpepvKuwmja ogroBopa Ha BCG Tepanujy 6u omoryhuna pany
upeHTrduKaLmjy bonecHnKa Kog Kojux oHa He 61 nmana epekTa
1 KOji1 61 3aXTeBaN NPUMEHY paHe pafiMKasiHe L CTeKTOMUje.
KmbyuHe peun: kapLiHoMm MoKpahHe 6eLLmKe; MHTpaBe3uKasHa
BCG Tepanuja; n3octaHak ogropopa Ha BCG; pagunkanHa umc-
TekToMuja
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmema pyKonuca YpeSHUIITBY YaCOMM-
ca ,CpICcKM apXuB 3a IeIOKYITHO TeKapcTBo“ (CA)
cBU ayTopH Tpeba Aa MpounuTajy YOyrcTBO 3a ayrope
(Instructions for Authors), rae he nponahu cBe morpedue
nHopMaluje 0 MUCaby U IPUIIPEMU Paja y CKIaxy
ca cTaHfapauMa yacomnmnca. Beoma je BaykHo ja ayTo-
pu npunpeMe paj npemMa JaTUM IPONO3UNjaMa, jep
YKOIMKO pyKomuc He Oyfe yckinal)eH ¢ 0BUM 3aXTeBUMa,
Ypenuumrso he ooty M OXOMTH HeroBO IMy6Iu-
KoBame. PajoBu o6jaBbeny y CA ce He XOHOpapuury.
3a yranke xoju he ce o6jaButu y CA, camoM noHynom
panga CprckoM apXuBy CBM ayTOpH paja MpeHoce CBoja
ayTopcKa IpaBa Ha M3gaBava yaconuca — Cprcko me-
KapcKo IPYLITBO.

OIIIITA YIIYTCTBA. CA o6jaB/pyje pagoBe Koju 5o
cajia HUCY HUTTIe 00jaB/beHN, Y LIeMOCTU UM AeIOM, HUTHU
npuxBahenu 3a o6jaBpuBame. CA 06jaBbyje paoBe Ha
€HITIECKOM U CPIICKOM je3uKy. 360r 607be JOCTYITHOCTHU
u Behe IMTHPAaHOCTY IIpeNopydyje ce ayTopuMa Ja pa-
ToBe CBUX OO/MMKa IIpefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBipyjy cnemehe KaTeropuje pajoBa: yBOJHUIN,
OPUTVHAHM PafIoBY, IPETXOIHA U KpaTKa CaolIITeHha,
puKasy 60NeCHUKa U CTydajeBa, BU/e0-YIaHIIN, CTIMKe
U3 KIMHIYKe MeIMIIMHE, IPETIeHN PajloBH, aKTyeTHe
TeMe, pajioBM 3a PaKCy, PafloBM 13 MICTOPHje MeAVIIHE
U jesuKa MefUIINHe, MeIVNIIMHCKe eTUKe, PeryTaTOPHIX
CTaHZAapfa y MeIVMILMHY, N3BEIITaj) ca KOHTpeca U Ha-
YYHUX CKYTIOBa, TNYHY CTaBOBY, HAPYYEHU KOMEHTa-
P, MICMa YPeJHMKY, IPVMKa3y KIUTa, CTPYYHe BECTH,
In memoriam v gpyru npunosu. OpUrnHaTHA PagoBMU,
IPeTXOfIHA ¥ KPaTKa CaolIITeha, IpUKa3y 60/IecHIKa I
CITydajeBa, BUIO-UIaHIN, CTIVMKe U3 KIVMHIYKe MeIUIIHE,
Iper/iefHN PafloBM U aKTyeTHe TeMe, TyOImKyjy ce mc-
K/bY4MBO Ha €HIJIECKOM je3UKY, a OCTajle BPCTe pajioBa ce
MOTY ITyOIIMKOBATY M1 Ha CPIICKOM je3VIKY CaMo II0 OfTyL
Ypepunmrsa. PajjoBu ce yBeK JOCTaB/bajy ca CaXKeTKOM
Ha eHIJIECKOM U CPIICKOM je3UKy (y CK/IOITy CaMoT PyKo-
mca). TekcT pafia KynaTu y mporpamy 3a o6pajry TekcTa
Word, dourom Times New Roman u BeTN4MHOM CIIOBA
12 Tavaka (12 pt). CBe yeTupu MapruHe IOfeCUTI Ha 25
mim, BeMIIMHY CTpaHNUIe Ha GopMaT A4, a TEKCT KYLIaTH C
IBOCTPYKMM IIPOPEIOM, IeBUM ITOPaBHAKEM U YBIaUeHheM
cBaKor I1acyca 3a 10 mm, 6e3 febema peun (xudenanuje).
He xopucTutu TabynaTope u y3acTOIIHe IIpasHe Kapak-
Tepe (CIlejcoBe) paiy IOpaBHaba TEKCTa, Beh amaTke 3a
KOHTpOJTy OpaBHama Ha ewupy u Toolbars. 3a mpemasax
Ha HOBY CTPaHY JOKyMeHTa He KOPYCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuujy Page Break. Ilocne cBakor 3Haxa
VMHTEPIYHKIIVje CTABUTY CaMo jeflaH IpasaH KapakTep.
AKoO ce y TeKCTy KOPUCTe CIlelyjanHy 3Hauu (cuMo6omn),
kopuctutu pout Symbol. I[Togauu o kopuurheHoj mure-
paTypM y TEKCTY O3HAa4aBajy ce apancKuM OpojeBuma y
yIIacTuM 3arpafama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce TojaBIbYjy Y TeKcTy. CTpaHMIle HyMepucaTu pefioM Y
IIOEEM JIECHOM YTy, ITI04eB Off HaC/IOBHE CTPaHe.

I1py nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce Ipupp-
>KaBaTH je3ndKor cTaugapna American English u xopuctn-

TV KpaTKe 1 jacHe pedeHnlle. 3a HasVBe TeKOBa KOPUCTUTHU
UCK/bY4MBO IreHepryKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpMyKMM HasMBMMa, a IMe VI MeCTO IIPON3-
Bohada Tpeba HaBecTV y 061MM 3arpagama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje CY CIIOj cioBa u 6pojesa,
IIpeL3HO HamucaTy 6poj Koji ce jaB/ba Y CYNIepCKPUITY
wm cynckpunry (amp. *Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITo yobuyajeHo muine KypsusoM (italic), Tako ce u
HaBopy, HIIp. reHn (BRCAI).

YKOMMKO je paf 1eo MarucTapcKe Tese, OMHOCHO JOKTOPC-
Ke jucepranuje, win je ypaheH y OKBUpy HayuHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y HamoMmenu Ha kpajy
Tekcra. Takobe, YKOMMKO je pajj IPETXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTH 3BaHIMYaH HA3MB CKY-
Ia, MeCTO U BpeMe Ofip>KaBarba, Jja /M je pajj U KaKo my6-
NMKOBAH (HIp. VICTY VIV JPYTadyjyl HACTIOB VM CaXKeTaK).

KIMHNYKA NCTPAJKMBAIBA. Knuanyka uctpa-
KUBama ce JeUHNITY Kao MCTpaXMBama yTHUIaja jef-
HOT VTV BUIIe CPECTaBa VM Mepa Ha VICXOJ, 3[paBiba.
Perycrapcku 6poj MCTpaXkuBarmba ce HaBOAM Y TOCTIENHeM
pemy caxeTka.

ETMYKA CATTTACHOCT. Pykonycy o nCTpak/Bamu-
Ma Ha JbyiuMa Tpeba fla cafpske U3jaBy y BUY IIUCAHOT
IPYCTaHKa UCIUTBAHUX 0c06a y CKTafy ¢ XelICHHIIKOM
IIeKIapaIjoM 1 ofo6perbe HaJIeKHOT eTIIKOT ofjbopa
Jla ce UCTpaKUBabe MOXKE 3BECTH I JIa je OHO Y CKIIafy C
IpaBHMM CTaHAapAMMa. EkcriepymMenTanHa ncTpaxupama
Ha XyYMaHOM MaTepujaay U MCIIUTYBamba BPIIIeHa Ha XXIBO-
THbaMa Tpeba Ja cafipke U3jaBy eTUUYKOT 0f60pa yCTaHo-
Be I Tpeba fla Cy Y carllaCHOCTH C IPaBHUM CTaHJapAyMa.

M3JABA O CYKOBY MHTEPECA. Y3 pykomic ce npu-
NaXke MOTIIMCAHA U3jaBa y OKBUPY obpacua Submission
Letter kojoM ce ayTOpH 13jallibaBajy 0 cBaKoM Moryhem
CyKoOy MHTepeca UM HBeroBOM OCYCTBY. 3a HOfaTHe
MHpOpMaIje 0 Pa3IMINTUM BpCTaMa CyKoba MHTepe-
ca TIOCETUTHU MHTepHeT-CTpaHnIly CBETCKOT yApYyKema
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) nop Ha-
31BOM ,,IlonmuTuKa usjase o cykoby uHTepeca“.

AYTOPCTBO. Cse ocobe koje Cy HaBefieHe Kao ayTOpU
pana Tpeba fa ce KkBanmuduKyjy 3a ayropcto. CBaku ay-
TOp Tpeba J1a je yIecTBOBAO HOBOBHO Y PAJIy Ha PYKOICY
KaKo O MOTao Jia IIpeysMe OATOBOPHOCT 3a IIe/IOKyTIaH
TEKCT U pe3y/ITaTe MsHeceHe y pajy. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JOIIPMHOCY KOHIIETIIV)HU pajia, Ko-
Oujamy pesyaTaTa MIN aHAIU3U U TyMadewy pe3ynTara;
IJIaHMParby PYKOIIMCA U/ EBerOBOj KPUTUYKO]j PEBUSU)U
OJf 3HATHOT MHTENEKTyaTHOT 3Ha4aja; 3aBPLUIHOM JJOTEPH-
Balby Bepsyje PyKOIca KOjy ce IPUIPeMa 3a ITaMIIatbe.

AyTopu Tpeba fa IIpuIoKe OINC JOIIPUHOCA TOjeITHAYHO
3a CBaKOT KoayTopa y OKBUpy obpacua Submission Letter.
PuHaHCHpambe, CaKyI/balbe IoflaTaKa MIN FeHePaTHo
HafITefame ICTPaXMBauKe IPyIle CaMI 110 ce61 He MOTy
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oIpaBfiaTy ayTopcTBO. CBY APYTU KOjU CY OTPUHENN
u3pajgu paja, a Koju HIUCY ayTOPM PyKOIuca, Tpebaio
6u na 6ymy HaBefleHM y 3aXBaTHUIIM C ONIMCOM IJIXOBOT
TOIIPMHOCA Pafly, HAPABHO, Y3 MMCAHY IPUCTaHAK.

INTATUJAPU3AM. Ogp 1. janyapa 2019. roguHe cBU
PYKOIIICK TOZIBPTaBajy ce MpoBepy Ha IIarujapusam/
ayromnarujapusam npeko SClndeks Assistant — Cross
Check (iThenticate). PagoBu ko Kojux ce jokaxe Ina-
rujapusaM/ayTonarujapusam 6uhe ogbujenn, a ayropu
CaHKIIMOHVICAHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniy pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paga 6e3 ckpahennua;
IPEUIOT KPaTKOT HAac/lIoBa pajia, IIyHa IMeHa Vi ITpe3yiMeHa
ayTopa (6e3 TUTYyNIa) MHAEKCHpPaHa OpojeBUMa; 3BaHMYAH
Ha3)B YCTaHOBA y KOjUMa ayTOPM pajie, MECTO M p>KaBy
(pemocnenoM Koju ofiroBapa MHAEKCHpPaHNM 6pojeBrMa
ayTopa); Ha JHY CTpaHWIIe HABECTU UMe U TIpe3NMe, afi-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u uMejI agpecy
ayTopa 3ay>KeHOT 3a KOPECTIOH/IEHIIIjY.

CAJKETAK. Y3 opurnHaaam paj, IpeTXOfHO U KPaTKoO
CaoTIIITelbe, IPerIe] IMTepaType, MpyKas crydaja (6omec-
HIKA), Paji U3 UCTOpUje MefULIVHE, aKTYeTHY TeMy, paj
3a pyOpUKY je3VK MeAVI[MHE U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHUIM JOKYMEHTa Tpeba IPUIOKUTHU Caxe-
Tak pafia o6uma 100-250 peun. 3a opuruHaaHe pajfose,
IPeTXOIHO M KPAaTKO CAOIIITe e CaskeTaK Tpeba fla MMa
cnepehy crpykrypy: Yeon/Inmm paga, Metoze pana, Pe-
3y/nTaTH, 3aK/by4aK; CBaKM Off HABeJeHNX CerMeHaTa M-
caTy Kao 1oce6aH Macyc Koju Mounbe 60NI0BaHOM peylt.
Hagectn HajakHUje pesynrare (HyMepruKe BpeTHOCTH)
CTaTUCTIMYKE aHa/M3€e ¥ HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiTeH, Beh Mopa OMTH FUpPEKTHO [OBe3aH ca
pesynTatuMa paja. 3a mpukase 60/IeCHUKA CaXKeTaK Tpe-
6a ma nma cnepehe genose: YBox (y IOCIENBOj pedeHUIIN
HaBecTy Imb), [IpuKkas 6omecHnKa, 3aK/bydak; CErMeHTe
Takobe mucaTy Kao noce6aH macyc Koju nodnie 60m50-
BaHOM pednt. 3a ocTaje TUIIOBE PafjoBa ca)keTaK HeMa
OceOHY CTPYKTYPY.

K/bYYHE PEYMN. Vicnop CakeTKa HaBeCTH Off TPU [0
IecT K/bYYHUX peun vy uspasa. He Tpeba na ce moHa-
BJbajy pedy U3 HAC/IOBa, a KJbYUHe pedr Tpeba ma 6ymy
peeBaHTHe U ONMCHe. Y n360py K/byIHMX pedn KO-
puctutu Medical Subject Headings - MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBO/] HA CPIICKM JE3UMK. Ha tpehoj no peny
CTpaHMLIM JOKYMEHTa IIPUIOKUTH HAaC/IOB pajia Ha CpII-
CKOM je3MKy, IYHa VIMeHa 11 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCUpaHa OpojeBlMa, 3BaHNYaH Ha3UB YCTaHOBA
y KojuMa ayTopu pajie, MecTo u fip>kaBy. Ha cnenehoj -
YeTBPTOj IO pefy — CTPAHUIY JOKYMEHTA MIPUIOKUTH
caxerak (100-250 peun) ¢ K/by4HUM peunma (3-6), 1 TO
3a paZioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha €HITIECKOM
jeauky. [TpeBoz mojMoBa 13 cTpaHe IuTeparype Tpeba ga
Oyze y ByXy cpIcKor jesuka. CBe CTpaHe peyuy UIN CUH-

Tarme 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y LeJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy HasyBe IIPHIO-
ra (tabena, rpaduKoHa, CIIMKaA, CXeMa) YKOIMKO X VIMa,
LeJIOKYTIHM TEKCT Y IbJMMa I JIETEH/Ty Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy 1OffHAC/IOBM Ce IIMIIY BETUKIM
MacHMM cnoBuMa (607y). OpUrMHaIHY paji U IPETXOTHO
U KpaTKo caomliTee 06aBe3Ho Tpebda ga uMajy cnepehe
nopHacnose: YBox (Insb pafia HaBeCTH Kao MOCTIEbY ITa-
cyc YBopa), Metone papa, Pesynraru, Juckycnuja, 3akmy-
vaK, /Iureparypa. [Ipernen nureparype 1 akTyenny TeMy
41He: YBOJI, ofiroBapajyhu nognacmosy, 3akbydax, JIn-
tepaTypa. [IppouMeHoBaHM ayTOp HpernefHOr pajia Mopa
Ta HaBefle Oap meT ayTomnyTara (Kao ayTop MM KOayTop)
pafoBa My6IMKOBaHMX Y YacOMMCHMA ¢ pelieH3njoM. Ko-
ayTopH, YKOJIMKO UX MMa, MOPajy fia HaBeny 6ap jemaH
ayTOIIMTAT pajioBa TaKohe My6IMKOBaHMX Y JaCOIMCHMA C
penensujom. IIpukas ciydaja wam 6onecHKa YuHe: YBOJ,
(Iws papa HaBeCTH Kao IOCIeN b acyc YBopa), [Ipukas
6onecHrka, [luckycuja, JIuteparypa. He Tpeba kopucturu
yMeHa 60JIeCHIIKa, MHMIMjae, HUTK OpojeBe uctopuja 60-
JIeCTH, HAPOUMTO Y WIycTparjama. [1prkasu 6omecHnka
He CMejy MMaTy BUIIIe Off TIeT ayTopa.

ITpurnore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTY Ha
Kpaj PYKOIINCa, a Y CAMOM Te/Ty TeKCTa jaCHO Ha3HAYNTH
MeCTO Koje ce OfIHOCK Ha iaTu mpuior. Kpajmwa nosumuja
npunora 6uhe oxpebena y Toxy npunpeme pajga sa ny6-
NIMKOBambe.

CKPAREHMIE. Kopuctutu camMo Kafia je HEOIIXOTHO,
¥ TO 32 BeOMa JIyrayKe Ha3VBe XeMMjCKUX jefUEberba, Off-
HOCHO HaslBe KOju Cy Kao ckpahenmurie Beh mpemosHar/pu-
Bu (crangapaHe ckpahenune, kao Hnp. [JHK, cuna, XVIB,
ATTI). 3a cBaky ckpaheHUIly IyH TepMuH Tpeba HaBeCTU
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo HIfje CTaH#apHa
jemuania Mepe. He kopuctuty ckpahenniie y Hacnosy.
Vs6eraBatn xopuirheme ckpaheHnIa y caxxeTKy, ajii ako
CY HEOIIXOffHe, CBaKy cKpaheHMIly 06jacHNTY IpU IPBOM
HaBoDemy y TEKCTY.

TEOVIMATHU BPOJEBI. V TeKcTy pafia Ha €HITIECKOM
jesnky, y Tabenmama, Ha TpadMKOHMMA ¥ IPYTVIM ITPUIIO-
3¥Ma JeluMaHe OpojeBe MUcaTy ca TayKoM (HIp. 12.5
* 3.8), a y TEeKCTy Ha CPIICKOM je3MKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3aokpyxutu Ha
jenHy JenuMary.

JEOVUHWITE MEPA. Jly>xuny, BUCUHY, TeXKMHY U 3a1Ipe-
MVHY U3paKaBaTy y MeTPUYKIM jeAuHMIIaMa (MeTap — 11,
kutorpaM (rpam) — kg (g), mirap — ) Wiy BUXOBUM JIeTIo-
BuMa. Temmeparypy uspaxxaparu y cterennMa Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTPUMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOOLIKNX, KIMHNIKIX 1 6MIOXeMMUjCKUX
Mepera HaBOJWUTHU Y METPUYKOM CUCTeMy mpema Meby-
HapOIHOM cucTeMy jemuunia (SI).
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OBVIM PAJTOBA. IlenokynHM pyKonuc pajia KOju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTaK, TeKCT Pajia, CIMCaK JIMTepa-
Type, CBY TIPUIO3Y, OHOCHO TOTIINCY 3a HUX U JIETeHIa
(taberne, cnuke, rpadMKOHM, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VMKYy — MOpa M3HOCUTHU
3a OPUTHHAIHY Pajfl, paji U3 MICTOPHje MeUIIVHE U Tpe-
rnep mureparype o 5000 peyn, a 3a IPETXOZHO U KPATKO
CAOIIITebeE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, pafi 3a
IpaKCy, efyKaTYBHY YWIAHAK U paf 3a pyOpUKY ,,]e3uk Me-
puiyHe 1o 3000 peuy; pajoBY 3a OCTate pyOpuKe MOry
nMary Hajume 1500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6UTH Y popMa-
Ty avi, mp4(flv). Y mpsoM xazipy ¢uamMa Mopa ce HaBecTI:
y HaiHacmoBy CpIICKM apXVB 32 LIeJIOKYITHO TeKapCTBO,
HACTIOB pajia, Ipe3VMeHa U MHUIIVjay IMeHa U CPefEbeT
C7I0Ba CBMX ayTopa paja (He ¢puama), rofuHa uspage. Y
IPYTOM Kafpy MOpa OMTHU YCHUM/bEH TeKCT paja y BULY
arcTpakTa fjo 350 peun. Y mocnenmeM Kapy GpumMa Mory
Ce HaBeCT MMeHa TeXHIIKOT 0cob7ba (pexija, CHUMATeTb,
CBET/IO, TOH, GpoTorpaduja 1 ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy ¢ororpadujy Kao MirycTpauujy npukasa, usjaBy
HOTIIMCAHY Of CBET TEXHIYKOT 0co6/ba fla ce Ofpuyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

IIPVUIO3M PALTY cy tabene, cnuke (pororpaduje, up-
TEXM, CXeMe, IpadVKOHM) M BULIEO-TIPUIO3NL.

CBaka Tabena Tpeba ma 6yge cama 1o ce6y 1ako pas-
ymmpuBa. Hacnos Tpeba oTkyuary usHap taberne, a
objammema ncroy we. Taberre ce 03HavaBajy apancKuM
6pojeByMa mpema pegocneqy HaBobhema y Texcry. Ta-
6erne IpTaTH UCK/BYUNBO y Iporpamy Word, kpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TayHOT 6pOja KOTOHA
u pefoBa Koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nnomohy onnuja Merge Cells u Split Cells -
crajaTi, ogHocHo femmty henuje. Kynatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 6e3 yBradera Tekcra. Kopumrhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH Y IeTeHAM UCIIOF, Tabe-
7e. YKOJIMKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUIOKNUTH
HasuBe Tabea U eTeHAy Ha 00a jesuka. Takobe, y jenny
Tabeny, y OKBUpPY 1cTe henuje, yHeTI U TEKCT Ha CPIICKOM
U TEKCT Ha €HIVIECKOM je3UKy (HMKAKO He IIPaBUTH [iBe
Tabere ca fiBa jesukal).

Ciuke cy cBy 06/ rpadU4Kmx OpyUjIora U Kao ,,CimKe”
y CA ce 06jaBmyjy dororpaduje, ipresxn, cxeme u rpadu-
koHM. C/IMKe 03HaYaBajy ce aparlcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce CKk/bydInBo
pururante ¢pororpaduje (pHO-6eme umm y 60ju) peso-
nynuje Hajmame 300 dpi u dopmara sanica tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIEr KBanuTeTa Hehe ce mprxBa-
TaTy 3a MTaMname!). YKONMMKO ayTopy He MOCeRyjy M
HICY y MoryhHOCTH fia locTaBe gurnTante pororpaduje,
OHJIa OPUTVMHAJIHE CTMKe Tpeba CKeHNPATHU Y Pe30myyjn
300 dpi u'y OpUTMHATHOj BETMYMHN. YKOIMKO je paj Heo-
IIXOJTHO VTyCTPOBATH Ca BUIIle CIMKa, y pany he ux 6uru
00jaB/beHO HEKOJIMKO, a ocTasie he 6utn y e-Bep3uju wiaH-

Ka Kao PowerPoint mpe3eHTanja (cBaka cmka Mopa 6uTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpannje pafa) Mory Tpajaru 1-3
MUHyTa 1 6utn y opmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH ITOCEOHO CUKY Koja 61 Ou/Ia MaycTparja BUeo-
IpHKasa y e-M3hamy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOMMKO je pyKOIMC Ha CPIICKOM je3UKY, IIPUIOKWUTH Ha-
3UBe C/IMKa 1 JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecIM MOTY IITAMIATH y 60ju, anu JofaTHe
TPOLIKOBE IITaMIle CHOCE ayTOPH.

Ipadukonu tpeba ga 6yny ypahennu u focrasbeHn y mpo-
rpamy Excel, ma 6u ce Bupene mpatehe BpefHOCTH pacIio-
pebene o henujama. Vicre rpadukoHe npexonupaTii u y
Word-oB foKyMeHT, rjje ce rpaduKOHN O3HaYaBajy apar-
cknM 6pojeBrMa IpeMa pefociefy HaBohema y TeKCTy.
Csu nopaiy Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopuuthene ckpahennue Ha rpaduxony tpeba
00jacHUTH y JIeTeHU UCTION rpaduKoHa. Y IMITaMIIaHoOj
Bep3Mju WIaHKa BepoBaTHIje je fa rpadukoH Hehe 6urtn
IITaMIIaH y 60ju, Te je 6ojbe u3beraBary kopuinhemwe 60ja
y TpaduKOHMMa, WV X KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKONKO je PYKOIINC Ha CPIICKOM je3UKY, IPUIOXUTH
HasuBe rpaduKOHa Vi JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce HOCTaBIbajy y jpg wiu tiff popma-
Ty. CxeMe ce Mory upTaru u 'y nporpamy CorelDraw wmu
Adobe Illustrator (mporpamu 3a paj ca BeKTOpKMa, KpyBa-
Ma). CBM Iofjaliy Ha CXeMU Ky1iajy ce y donty Times New
Roman, BemmunHa crosa 10 pt. Kopumhene ckpahenuie
Ha cxeMyt Tpeba 06jaCHUTI y JTeTeH/M NCTIOf, CXeMe. YKO-
JIIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUITOXKNTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBectu cBe capajHMKe KOju Cy JOIIPU-
HeJN CTBapamy pajia a He NCIYaBajy MeplIa 3a ayTop-
CTBO, Kao0 LITO Cy 0cobe Koje 06e36ebyjy TeXxHUYKY mo-
Moh, moMoh y nvcamy paja M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa 1 MaTepyjaHa
nomoh, y 061Ky CIIOH30PCTBa, CTUIICHM]ja, TOK/IOHa,
olpeMe, IeKOBa I IpyTo, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHIiu je OITOBOPHOCT ay-
TOpAa, @ IUTUPAHN WIaHIM Tpeba fa Oyay mako IpUCTY-
MavHM YnTaolyMa Jaconuca. Crora y3 caky pedepeHiy
ob6aBe3Ho Tpeba HaBecTyt DOI 6poj uiaHKa (jefHCTBEHY
HIICKY KapaKTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pecdepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
mpeMa pefocieny HaBohema y TekcTy. bpoj pedepenmu
He 61 Tpebano fa O6yne Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOjeM je J03BO/beHO fia uX Oyze go 50, m'y
MeTaaHajusl, Ihe UX je fosBosbeHo o 100. bpoj nurn-
PaHNX OPUTMHATHMX pafioBa Mopa 6uTu HajMame 80%
oJ1 YKyIHOT 6poja pedepeHIu, OfHOCHO 6poj unuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke my6mm-
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Kallyje M WIAHIY MOTyY YBPCTUTH Y pedepeHLie, ayTopu
Cy OY>KHM a UX uuTupajy. Behnua nurupannx naydumx
YlaHaKa He 61 Tpe6ano ga 6yne ctapuja off IeT Tofu-
Ha. Huje 103BOJ/beHO IMTHpabe alicTpaKaTa. YKOIMKO je
OMTHO KOMEHTAPUCATH Pesy/ITare KOjy Cy My0/IMKOBaHN
CaMo y BUJIy alICTPAKTa, HEOIIXOJHO je TO HABECTU Y CAMOM
TeKCTy pajia. Pedpepeniie unanaka koju cy npuxsahenn
3a LITAMIIY, a/Ii1 jOILI HICY 00jaB/beH N, Tpeba 03HAUNTI
ca in press ¥ IPUIOKUTI JOKA3 O IPUXBaTaby pajia 3a
objaB/buBambe.

Pedepenue ce nutnpajy npema Bankysepckom ctumy
(yHudopmmcaHnM 3axTeBrMa 3a PYKOIIVCe KOjI ce Tpe-
Tajy 6MOMeNMIIMHCKIM YacOIICHMa), KO je YCIIOCTaBIO
MebhyHapogHy KOMNUTET ypeFHIMKA MEINIIMHCKUX Jaco-
nca (http://www.icmje.org), unju popmat xopucte U.S.
National Library of Medicine n 6a3e Hay4yHUX IyOIuKa-
nyja. [Tpumepe naBobhema mybnukanuja (41aHaka, Kibura
U IPYTUX MOHOTpadmja, eeKTPOHCKOT, Heo0jaB/beHOT U
Ipyror o6jaB/beHOT MaTepujaja) MOTy ce mpoHahm Ha MH-
TepHeT-CTpanunm http://www.nlm.nih.gov/bsd/uniform_
requirements.html. [IpunukomM HaBobemwa nmureparype
BeoMa je BaYKHO IIPUAPKABaTHU Ce IIOMEHYTOT CTaHAap/a,
jep je To jemaH of HajOUTHUjUX PaKTOpa 3a MHEKCHpalbe
IPUIMKOM KTacudyKaIyje HayYHUX 4acoMca.

ITPOITPATHO ITMCMO (SUBMISSION LETTER). V3
pyKormuc 06aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIM CBU ayTOPY, @ KOjy Caiip>ku: 1) u3jaBy fa paj mper-
XOJIHO HUje MyOIMKOBaH U Jja HUje UCTOBPEMEHO ITOTHET
3a 00jaB/bMBabe Y HEKOM JIPYIOM YacoIVCY, 2) U3jaBy fa
CY PYKOIIVC IIPOYNTAIIY ¥ OFOOPIIN CBU ayTOPY KOjI HC-
IyHaBajy Mepua ayTOpCTBa, 1 3) KOHTAKT MOJATKe CBUX
aytopay pany (agpece, uMmejn agpece, TenedoHe UTH.).
branko obpasar Tpeba mpeyseTy ca UHTEPHET-CTPaHNIIe
vacomuca (http://www.srpskiarhiv.rs).

Taxobe je moTpe6HO FOCTaBUTH KONMje CBUX [HO3BOTIA
3a: perpoayKoBabe IPeTXOfHO 00jaB/beHOT MaTepljaa,
ymorpe6by mwrycrpanuja 1 ob6jaBbuBame nHpopMamja o
HO3HATIM JbYAVMA VIV IMEHOBabe /by KOjU CY JOIIPU-
HeJIV M3pafiyt paja.

YITAHAPUHA, IIPETIUTATA 1 HAKHAJIA 3A OB-
PATY YTAHKA. Jla 6u pan 6mo o6jaB/beH y aconucy
Cpiicku apxue 3a 1enoKyiHo 1eKapcitiéo, CBU ayTOpy KOju
cy nexapu wm cromatonosu u3 Cpbuje Mopajy 61Ty 4ia-
HoBY CPIICKOT JIeKapCKOT APYIITBa (Y CKIafly ca WIaHOM
6. Craryra JIpymTsa) 1 USMMPUTHU HaKHaAy 3a o6pamy
unaHaka (Article Processing Charge) y ussnocy og, 3000 mu-
Hapa. AyTOpu ¥ KOayTOpU U3 MHOCTPAHCTBA Cy Y 06aBesn
Ia ITaTe HaKHaAy 3a obpany wianaka (Article Processing
Charge) y usHocy ox 35 eBpa. YIiara y jefiHoOj KameHaap-
CKOj TofMHM 00yXBaTa M CBe Hape[He, eBeHTYaTHe YWIaHKe,
HoCyIaTe Ha pasMaTparbe y Toj rogyHu. CBI ayTOpy KoOju

IIaTe OBY HAKHAJ[Y MOTY, YKOIMKO TO JKeJle, la MpUMajy
MTaMIIaHO U3Jame Jacomuca. Tpeba HATIOMEHYTH Jja
OBa yIUIaTa Hyje rapaHiyja ga he pay 6utu npuxsahen
u 06jaBibeH y Cpiickom apxusy 3a uenokyiHo 1ekapciieo.
O6aBesa mrahamwa HakHazle 3a 00pafly YWIaHKa He OTHOCK
ce Ha CTyfleHTe OCHOBHMX CTY/¥ja VI Ha TIPETIUIATHMKE Ha
JacoIuc.

YcraHoBe (TIpaBHa TUIIa) He MOTY ITPEKO CBOje MpeTIUIaTe
7la MICITyHe 0Baj yCIoB ayTopa ($uU3IdKor amIa). Y3 pyko-
mc paga Tpeba [OCTaBUTU KOIMje YIIATHUIIA 32 WiaHa-
PUHY U IIPETIVIaTy / HaKHay 3a 00pajy YIaHKa, Kao JoKa3
0 yIUTaTaMa, yKOJIMKO M3/jaBad HeMa eBUACHLINjY O TOMe.
Yacomuc mpuxsara JOHaLuje Off CIOH30pa KOji CHOCE f1e0
TPOILIKOBA M/IV TPOLIKOBE y LIe/IMHN OHUX ayTOpa KOju
Hucy y MoryhHOCTH fia M3Mype HaKHaAy 3a 0Opafy YWiaHKa
(y TaxBuM cry4ajeBuMa HOTPe6HO je YaCOMUCY CTaBUTH
Ha YBUJ OIIPaBJaHOCT TAKBOT CIOH30PCTBA).

CJTAIBE PYKOIIMCA. Pyxomnuc pajia u CBM IPUIO3K Y3
Paji IOCTaBIbajy ce MCKIbYUMBO eNeKTPOHCKM IIPEKO CHCTe-
Ma 3a TIpMjaB/bUBambe Ha MHTEPHET-CTPAHNIV YacOMMca:
http://www.srpskiarhiv.rs

HAIIOMEHA. Paj xoju He ncnymaBa ycloBe OBOT YIIYT-
cTBa He MOXKe 6utu yyheH Ha pereHsujy u 6uhe Bpahen
ayTopMMa Jia ra IoMyHe 1 ucnpase. [IpnpkaBarmeM yyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuT Bpeme
IeIOKYITHOT TIpoIieca 1o 06jaB/biBaba pajia y 4acoIcy,
mTo he MO3UTUBHO YyTULIATH Ha KBAaINTET WIaHAKa U pe-
TOBHOCT M3/Ta’Kerba JacoIInca.

3a cBe fomaTHe MHpOPMaIVje, MOTIMO Jja ce obparuTe
Ha JloJIe HaBefleHe afipece 1 6poj TenedoHa.
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INSTRUCTIONS FOR AUTHORS

Before submitting their paper to the Editorial Office of
the Serbian Archives of Medicine, authors should read
the Instructions for Authors, where they will find all the
necessary information on writing their manuscript in
accordance with the journal’s standards. It is essential
that authors prepare their manuscript according to
established specifications, as failure to do so will result
in paper being delayed or rejected. Serbian Archives
of Medicine provides no fee for published articles. By
submitting a paper for publishing consideration, au-
thors of a paper accepted for publication in the Serbian
Archives of Medicine grant and assign all copyrights to
the publisher - the Serbian Medical Society.

GENERAL INSTRUCTIONS. Serbian Archives of Medicine
publishes papers that have not been, either in their entirety
or partially, previously published, and that have not been
accepted for publication elsewhere. Serbian Archives of
Medicine publishes papers in English and Serbian. For
better availability and citation, authors are encouraged
to submit articles of all types in English. The journal
publishes the following article types: editorials, original
papers, preliminary and short communications, case re-
ports, video-articles, images in clinical medicine, review
articles, current topics, articles for practitioners, history of
medicine articles, language of medicine articles, medical
ethics (clinical ethics, publication ethics) and regulatory
standards in medicine, congress and scientific meeting
reports, personal view articles, invited commentaries,
letters to the editor, book reviews, professional news,
In memoriam and other articles. Original papers, case
reports, preliminary and short communications, review
articles, current topics, video-articles and images in clini-
cal medicine are published in English only, while other
article types may be published in Serbian if the Editorial
Office reaches such decision.

The papers are always submitted with Summary in both
English and Serbian, included in the manuscript file. The
text of the manuscript should be typed in MS Word using
the Times New Roman typeface, and font size 12 pt. The
text should be prepared with margins set to 25 mm and
onto A4 paper size, with double line spacing, aligned left
and the initial lines of all paragraphs indented 10 mm,
without hyphenation. Tabs and successive blank spaces are
not to be used for text alignment; instead, ruler alignment
control tool and Toolbars are suggested. In order to start a
new page within the document, Page Break option should
be used instead of consecutive enters. Only one space fol-
lows after any punctuation mark. If special signs (symbols)
are used in the text, use the Symbol font. References cited
in the text are numbered with Arabic numerals within
parenthesis (for example: [1, 2]), in order of appearance
in the text. Pages are numbered consecutively in the right
bottom corner, beginning from the title page.

When writing text in English, linguistic standard Ameri-
can English should be observed. Write short and clear
sentences. Generic names should be exclusively used for

the names of drugs. Devices (apparatuses, instruments)
are termed by trade names, while their name and place
of production should be indicated in the brackets. If a
letter-number combination is used, the number should be
precisely designated in superscript or subscript (i.e., 99Tk,
IL-6, 02, B12, CD8). If something is commonly written in
italics, such as genes (e.g. BRCAL1), it should be written in
this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, or a
research project, that should be designated in a separate
note at the end of the text. Also, if the article was previously
presented at any scientific meeting, the name, venue and
time of the meeting should be stated, as well as the man-
ner in which the paper had been published (e.g. changed
title or abstract).

CLINICAL TRIALS. Clinical trial is defined as any re-
search related to one or more health related interventions
in order to evaluate the effects on health outcomes. The
trial registration number should be included as the last
line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medi-
cal research should contain a statement that the subjects’
written consent was obtained, according to the Declaration
of Helsinki, the study has been approved by competent
ethics committee, and conforms to the legal standards.
Experimental studies with human material and animal
studies should contain statement of the institutional ethics
committee and meet legal standards.

CONEFLICT OF INTEREST STATEMENT. The manuscript
must be accompanied by a disclosure statement from all
authors (contained within the Submission Letter) declaring
any potential interest or stating that the authors have no
conflict of interest. For additional information on different
types of conflict of interest, please see World Association of
Medical Editors (WAME, www.wame.org) policy statement
on conflict of interest.

AUTHORSHIP. All individuals listed as authors should
be qualified for authorship. Every author should have par-
ticipated sufficiently in writing the article in order to take
responsibility for the whole article and results presented in
the text. Authorship is based only on: crucial contribution
to the article conception, obtaining of results or analysis
and interpretation of results; design of manuscript or its
critical review of significant intellectual value; final revision
of the manuscript being prepared for publication.

The authors should enclose the description of contribution
to the article of every co-author individually (within the
Submission Letter). Funding, collection of data or general
supervision of the research group alone cannot justify
authorship. All other individuals having contributed to
the preparation of the article should be mentioned in the
Acknowledgment section, with description of their contri-
bution to the paper, with their written consent.



INSTRUCTIONS FOR AUTHORS

PLAGIARISM. Since January 1, 2019 all manuscripts have
been submitted via SCIndeks Assistant to Cross Check
(software iThenticate) for plagiarism and auto-plagiarism
control. The manuscripts with approved plagiarism/auto-
plagiarism will be rejected and authors will not be welcome
to publish in Serbian Achieves of Medicine.

TITLE PAGE. The first page of the manuscript (cover sheet)
should include the following: title of the paper without any
abbreviations; suggested running title; each author’s full
names and family names (no titles), indexed by numbers;
official name, place and country of the institution in which
authors work (in order corresponding to the indexed num-
bers of the authors); at the bottom of the page: name and
family name, address, phone and fax number, and e-mail
address of a corresponding author.

SUMMARY. Along with the original article, preliminary and
short communication, review article, case report, article on
history of medicine, current topic article, article for language
of medicine and article for practitioners, the summary not
exceeding 100-250 words should be typed on the second
page of the manuscript. In original articles, the summary
should have the following structure: Introduction/Objec-
tive, Methods, Results, Conclusion. Each segment should
be typed in a separate paragraph using boldface. The most
significant results (numerical values), statistical analysis
and level of significance are to be included. The conclusion
must not be generalized, it needs to point directly to the
results of the study. In case reports, the summary should
consist of the following: Introduction (final sentence is
to state the objective), Case Outline (Outline of Cases),
Conclusion. Each segment should be typed in a separate
paragraph using boldface. In other types of papers, the
summary has no special outline.

KEYWORDS. Below the summary, 3 to 6 keywords or
phrases should be typed. The keywords need not repeat
words in the title and should be relevant or descriptive.
Medical Subject Headings — MeSH (http://www.nlm.nih.
gov/mesh) are to be used for selection of the keywords.

TRANSLATION INTO SERBIAN. The third page of
the manuscript should include: title of the paper in the
Serbian language; each author’s full name and family name
(no titles), indexed by numbers; official name, place and
country of the institution in which authors work. On the
fourth page of the manuscript the summary (100-250
words) and keywords (3-6) should be typed, but this refers
only to papers in which a summary and keywords are com-
pulsory. The terms taken from foreign literature should be
translated into comprehensible Serbian. All foreign words
or syntagms that have a corresponding term in Serbian
should be replaced by that term.

If an article is entirely in Serbian (e.g. article on history of
medicine, article for “Language of medicine,” etc.), captions
and legends of all enclosures (tables, graphs, photographs,
schemes) — if any — should be translated into English as well.

STRUCTURE OF THE MANUSCRIPT. All section head-
ings should be in capital letters using boldface. Original
articles and preliminary and short communications should
have the following section headings: Introduction (objective
is to be stated in the final paragraph of the Introduction),
Methods, Results, Discussion, Conclusion, References.
A review article and current topic include: Introduction,
corresponding section headings, Conclusion, References.
The firstly named author of a review article should cite
at least five auto-citations (as the author or co-author of
the paper) of papers published in peer-reviewed journals.
Co-authors, if any, should cite at least one auto-citation of
papers also published in peer-reviewed journals. A case
report should consist of: Introduction (objective is to be
stated in the final paragraph of the Introduction), Case
Report, Discussion, References. No names of patients,
initials or numbers of medical records, particularly in il-
lustrations, should be mentioned. Case reports cannot have
more than five authors. Letters to the editor need to refer
to papers published in the Serbian Archives of Medicine
within previous six months; their form is to be comment,
critique, or stating own experiences. Publication of articles
unrelated to previously published papers will be permitted
only when the journal’s Editorial Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be
placed at the end of the manuscript, while in the body of
the text a particular enclosure should only be mentioned
and its preferred place indicated. The final arrangement
(position) of the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for
very long names of chemical compounds, or as well-known
abbreviations (standard abbreviations such as DNA, AIDS,
HIV, ATP, etc.). Full meaning of each abbreviation should
be indicated when it is first mentioned in the text unless
it is a standard unit of measure. No abbreviations are al-
lowed in the title. Abbreviations in the summary should be
avoided, but if they have to be used, each of them should
be explained when first mentioned in the text of the paper.

DECIMAL NUMBERS. In papers written in English, in-
cluding text of the manuscript and all enclosures, a decimal
point should be used in decimal numbers (e.g. 12.5 + 3.8),
while in Serbian papers a decimal comma should be used
(e.g. 12,5 + 3,8). Wherever applicable, a number should be
rounded up to one decimal place.

UNITS OF MEASURE. Length, height, weight and volume
should be expressed in metric units (meter — m, kilogram -
kg, gram - g, liter — 1) or subunits. Temperature should be in
Celsius degrees (°C), quantity of substance in moles (mol),
and blood pressure in millimeters of mercury column (mm
Hg). All results of hematological, clinical and biochemical
measurements should be expressed in the metric system
according to the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript
- title page, summary, the whole text, list of references, all



INSTRUCTIONS FOR AUTHORS

enclosures including captions and legends (tables, photo-
graphs, graphs, schemes, sketches), title page and summary
in Serbian - must not exceed 5,000 words for original
articles, review articles and articles on history of medicine,
and 3,000 words for case reports, preliminary and short
communications, current topics, articles for practitioners,
educational articles and articles for “Language of medicine”,
congress and scientific meeting reports; for any other sec-
tion maximum is 1,500 words.

Video-articles are to last 5-7 minutes and need to be
submitted in the flv video format. The first shot of the
video must contain the following: title of the journal in the
heading (Serbian Archives of Medicine), title of the work,
last names and initials of first and middle names of the
paper’s authors (not those of the creators of the video), year
of creation. The second shot must show summary of the
paper, up to 350 words long. The final shot of the video may
list technical staff (director, cameraman, lighting, sound,
photography; etc.). Video-articles need to be submitted along
with a separate summary (up to 350 words), a single still/
photograph as an illustration of the video, and a statement
signed by the technical staff renouncing copyrights in favor
of the paper’s authors. To check the required number of
words in the manuscript, please use the menu Tools- Word
Count, or File-Properties-Statistics.

ARTICLE ENCLOSURES are tables, figures (photographs,
schemes, sketches, graphs) and video-enclosures.

TABLES. Each table, with its legend, should be self-explan-
atory. The title should be typed above the table and any
explanatory information under the table. Tables should be
numbered in Arabic numerals in order of citation in the
text. Use MS Word, the menu Table-Insert-Table, inserting
the adequate number of rows and columns. By the right click
of the mouse, use the options Merge Cells and Split Cells. Use
Times New Roman, font size 12 pt, with single line spacing
and no indent to draw tables. Abbreviations used in tables
should be explained in the legend below each respective table.

If the manuscript is entirely in the Serbian language, tables and
corresponding legend should be both in Serbian and English.
Also, the table cells should contain text in both languages
(do not create two separate tables with a single language!).

FIGURES. Figures are all types of visual enclosures, and
photographs, schemes, sketches and graphs are published as
‘figures’ in the Serbian Archives of Medicine. Figures should
be numbered in Arabic numerals in order of citation in the
text. Only original digital photographs (black-and-white
or color), of minimum 300 dpi, and jpg or tiff format, are
acceptable (small, blurry and photographs of poor qual-
ity will not be accepted for publishing!). If authors do not
possess or are not able to provide digital photographs,
then the original photos should be scanned in 300 dpi,
and saved in original size. If a paper needs to be illustrated
with a considerable number of figures, several figures will
be published within the paper, and the rest will be avail-

able in the electronic version of the paper as a PowerPoint
presentation (every figure needs to be numbered and be
accompanied by legend). Video-enclosures (illustrations
of a paper) can last 1-3 minutes and are submitted in the
flv format. Along with the video, a still/photograph repre-
sentative of the video is also needed, as it will be used as a
placeholder in the electronic version of the paper, and as
an illustration in the printed version.

If the manuscript is entirely in the Serbian language, pho-
tographs and corresponding legend should be both in
Serbian and English.

Photographs may be printed and published in color, but
possible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the text.
The text in the graphs should be typed in Times New Roman.
Abbreviations used in graphs should be explained in the
legend below the respective graph. In the printed versions of
papers, graphs are generally published in black-and-white;
therefore, it is suggested to avoid the use of colors in graphs,
or to utilize colors of significant difference in brightness.

If the manuscript is entirely in the Serbian language, graphs
and corresponding legend should be both in Serbian and
English.

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vectors,
curves, etc.). The text in the schemes should be typed in Times
New Roman, font size 10 pt. Abbreviations used in schemes
should be explained in the legend below the respective scheme.
If the manuscript is entirely in the Serbian language, schemes
and corresponding legend should be both in Serbian and
English.

ACKNOWLEDGMENT. List all those individuals having
contributed to preparation of the article but having not met
the criteria of authorship, such as individuals providing
technical assistance, assistance in writing the paper or run-
ning the department securing general support. Financial
aid and all other support in the form of sponsorship, grants,
donations of equipment and medications, etc., should be
mentioned too.

REFERENCES. The reference list is the responsibility of
the authors. Cited articles should be readily accessible to
the journals readership. Therefore, following each refer-
ence, its DOI number and PMID number (if the article
is indexed for MEDLINE/PubMed) should be typed.
References should be numbered in Arabic numerals in order
of citation in the text. The overall number of references should
not exceed 30, except in review articles, where maximum
of 50 is acceptable, and in meta-analysis, where up to 100
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references are allowed. The number of citations of original
articles must be at least 80% of the total number of references,
and the number of citations of books, chapters and literature
reviews less than 20%. If monographs and articles written by
Serbian authors could be included in the reference list, the
authors are obliged to cite them. The majority of the cited
articles should not be older than five years. Use of abstracts
as references is not allowed. If it is important to comment
on results published solely in the form of an abstract, it is
necessary to do so within the text of the article. The references
of articles accepted for publication should be designated as
in press with the enclosed proof of approval for publication.

The references are cited according to the Vancouver style
(Uniformed Requirements for Manuscripts Submitted to
Biomedical Journals), rules and formats established by
the International Committee of Medical Journal Editors
(http://www.icmje.org), used by the U.S. National Library of
Medicine and scientific publications databases. Examples
of citing publications (journal articles, books and other
monographs, electronic, unpublished and other published
material) can be found on the web site http://www.nlm.nih.
gov/bsd/uniform_requirements.html. In citation of references,
the defined standards should be strictly followed, because
it is one of the essential factors of indexing for classification
of scientific journals.

SUBMISSION LETTER. The manuscript must be ac-
companied by the Submission Letter, which is signed by
all authors and includes the following: 1) statement that
the paper has never been published and concurrently
submitted for publication to any other journal; 2) state-
ment that the manuscript has been read and approved by
all authors who have met the criteria of authorship; and 3)
contact information of all authors of the article (address,
email, telephone number, etc.). Blank Submission Letter
form can be downloaded from the journals web site (http://
srpskiarhiv.rs/global/pdf/Submissionletterform FINAL.pdf).

Additionally, the authors should submit the following copies
of all permits for: reproduction of formerly published mate-
rial, use of illustrations and publication of information on
known people or disclosure of the names of people having
contributed to the work.

MEMBERSHIP FEE AND SUBSCRIPTION RATES.
In order to publish their article in the Serbian Archives of
Medicine, all authors and co-authors, medical doctors and
doctors of dental medicine, must be members of the Serbian
Medical Society (according to the Article #6 of the Statute
of the SMYS) for the year in which the manuscript is being
submitted. All authors pay an “Article Processing Charge”
for the coverage of all editing and publishing expenses.
Domestic authors pay 3,000 RSD, and those from abroad
€35. The editing and publishing fee is required for substan-
tive editing, fact and reference validations, copy editing,
and publishing online and in print. An author who had
already paid the fee can have more articles submitted for
publishing consideration in the year the fee was paid. All

authors who pay this fee may;, if they desire so, receive the
printed version of the journal in the year when the fee is
paid. Please note that the payment of this charge does not
guarantee acceptance of the manuscript for publication and
does not influence the outcome of the review procedure,
in accordance with good publishing practice. The journal
accepts donations from sponsors to create a sum for pay-
ment reductions or waivers for authors unable to cover the
Article Processing Charge (a justification of the inability
to pay should be provided in such cases).

The requirement for paying the Article Processing Charge
does not apply to students or to journal subscribers. Insti-
tutions (legal entities) cannot by their subscription cover
this condition on behalf of the authors (natural persons).
Copies of deposit slips for membership and Article Pro-
cessing Charge should be enclosed with the manuscript.
Foreign authors are under no obligation to be members of
the Serbian Medical Society. All the relevant information
can be obtained via email address of the Editorial Office
(office@srpskiarhiv.rs) and on the journal’s web site (http://
srpskiarhiv.rs/en/subscription/).

SUBMISSION. Our online submission system will guide
you through the process of entering your article details
and uploading your files. All correspondence, including
notification of Editorial Office, requests for revision and
Editor’s decision will be sent by e-mail.

Please submit your manuscript and all enclosures via:
http://www.srpskiarhiv.rs.

NOTE. The papers not complying with these instructions
will not be reviewed and will be returned to the authors
for revision. Observing the instructions for preparation
of papers for the Serbian Archives of Medicine will shorten
the time of the entire process of publication and will have
a positive effect on the quality and timely release of the
journal’s issues.

For further information, please contact us via the follow-
ing address:

ADDRESS:

Serbian Archives of Medicine
Editorial Office

Kraljice Natalije 1

11000 Belgrade

Serbia

Phones: (+381 11) 409-2776, 409-4479
E-mail: office@srpskiarhiv.rs

Website: www.srpskiarhiv.rs
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