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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

the Journal of the Serbian Medical Society founded in 1872, and with first
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may not be offered or be under consideration for publication elsewhere. Articles
must not have been published elsewhere (in part or in full).

The submitted manuscripts are forwarded by the Editorial Board to reviewers
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remarks. The final decision on acceptance of the article for publication is made
by the Editor-in-Chief.

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

The articles are printed in the English language with an abstract both in
English and Serbian, or in the Serbian language, Cyrillic alphabet, with an ab-
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Authors accept full responsibility for the accuracy of all content within the
manuscript. Material in the publication represents the opinions of the authors
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SUMMARY

Introduction/Objective The aim of this study was to determine the changes in concentrations of urea,
creatinine, uric acid, proteins, aspartate aminotransferase (AST), creatine kinase (CK), and salivary amylase
in saliva samples collected before, immediately after, and 30 minutes after physical activity performed
during basketball and mixed martial arts (MMA) training.

Methods Twenty-two athletes, 11 basketball players and 11 MMA fighters, 18 men and four women,
aged 15-24 years, participated in the study. Saliva samples were collected using sterile saliva containers
(Salivette®) from all participants before training (sample 1), immediately after (sample 2), and 30 minutes
after training (sample 3). The levels of all investigated biomarkers were measured spectrophotometrically
using a biochemical analyzer.

Results Statistically significant differences were present among samples 1, 2, and, 3 in the concentrations
of urea, AST, and CK in samples collected from MMA fighters (Friedman test). Among three samples taken
from basketball players, the significant differences were not observed for the analyzed parameters. When
concentrations of all diagnostic markers were compared between basketball and MMA independently for
samples 1, 2, and 3, statistically significant differences (Mann-Whitney U-test) existed in concentrations
of urea, uric acid, proteins, and AST.

Conclusion Based on the results of the present study, the influence of the exercise on the levels of
salivary diagnostic markers, such as urea, AST, and CK, is more evident during MMA than basketball
training. Saliva composition of MMA fighters and basketball players differ in terms of levels of urea, uric
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INTRODUCTION

Physical activity, unique physiological stress,
triggers a systematic series of neuroendocrine
and immune events directed at bringing the
system back to a state of homeostasis. Various
physiological changes occurring in the human
body during physical exercise contribute to
accommodating the increase in physiological
demands. Two major neuroendocrine stress
response arms are the hypothalamic-pitu-
itary—adrenal and the sympathetic-adreno-
medullary axis, with both axes modulating
the function of immune system [1, 2]. Immune
and stress responses work together to combat
exercise stress.

While blood samples have historically been
used to measure numerous parameters, indi-
cators of physiological and pathological pro-
cesses in the organism, many of them could
be analyzed in a much easier, less complex,
and completely non-invasive way in the saliva
samples [3, 4]. Saliva has been used to exam-
ine hydration, electrolyte status, stress, and

immune responses during and after physical
activity [5, 6, 7].

The salivary glands are under the control of
the autonomic nervous system, parasympathet-
ic cholinergic nerves and sympathetic adren-
ergic nerves. The type of activated autonomic
receptor, salivary flow rate, and intensity and
duration of stimulation to the glands can influ-
ence saliva composition. During prolonged and
intense exercise, due to the increased sympa-
thetic stimulation, reduced salivary flow rate is
expected. Qualitative and quantitative changes
are described by the increased concentration
of total protein, cortisol, and hormones in sa-
liva during the stressful period, as well as by
the alterations in ionic composition of the
saliva [5-8]. Immediately after intense physi-
cal activity, saliva remains viscous for some
time, although the control of saliva secretion
is no longer under sympathetic nervous sys-
tem. These changes are primarily explained
by mouth breathing during physical activity,
dehydration of the organism, and increased se-
cretion of salivary mucin [6-9]. After physical
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activity, the secretion of saliva is under

Table 1. Distribution of the participants and their characteristics among the groups

control of t.he .paras'ympat'hetlc nervous oot ] c Feele BMI Nturpt?er of | Training
system, which is active during the period P 2 (Mean +5SD) | (Mean + SD) pfrlugg; duration
f rest, an h ms h
of rest, and as these two systems havean g g 11 11 males | 16542103 | 217 %149 5 [120 minutes
antagonistic effect, increased secretion of 7 males
the saliva, decreased protein concentra- | MMA 1| pomcios | 21:82£183 | 2375+273 3 90 minutes
tion, and increased serosity are present.
: iy yarep Total 22 | J8males | yq 161306 | 2273+238 - -
Physical activity of any type may have 4 females

implications for the immune system [10].
Changes in salivary secretion and com-
position and the alteration of the immune function that
occur during intense physical activity may lead to the
development of pathological changes. The occurrence of
upper respiratory tract infections could be associated with
systemic changes due to reduced immune response, as well
as the lack of protective role of saliva in athletes due to
reduced lubrication and IgA concentration [11, 12].

By measuring the levels of certain biomarkers in saliva
samples, it is also possible to monitor changes in other
organs whose functions may be affected by the intense
physical activity. Among these biomarkers, the enzymes
creatine kinase (CK), lactate dehydrogenase (LDH), or as-
partate aminotransferase (AST) stand out as parameters
that determine skeletal muscle injury and tissue damage in
the muscles [13]. Previous studies reported changes in the
levels of AST, CK, and LDH in saliva samples after intense
exercise during different sports [14, 15].

The aim of this study was to determine the changes
in concentrations of urea, creatinine, uric acid, proteins,
AST, CK, and salivary amylase in saliva samples collected
before, immediately after, and 30 minutes after physical
activity performed during basketball and mixed martial
arts (MMA) training. The null hypotheses were the follow-
ing: (1) there are no statistically significant differences in
the concentration of the mentioned biomarkers in saliva
samples collected before, immediately after, and 30 min-
utes after training, regardless of the sport; (2) there are
no statistically significant differences in the concentra-
tion of the biomarkers in saliva samples collected before,
immediately after, and 30 minutes after intense physical
activity, within each sport separately; and (3) there are no
statistically significant differences in the concentration of
the biomarkers in saliva samples collected before, imme-
diately after, and 30 minutes after training, between the
two sports, for all three samples separately.

METHODS
Participants

Twenty-two athletes, 11 basketball players and 11 MMA
fighters, 18 men and four women, aged 15-24 years, par-
ticipated in the study. Basketball players worked out five
times a week, while MMA fighters worked out three times
a week. The duration of the training for basketball players
was two hours, while for MMA fighters it was one hour
and 30 minutes. Distribution of the participants and their
characteristics among the two groups is shown in Table 1.
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MMA - mixed martial arts

All participants were given verbal and written explanation
of the purpose and the protocol of the research previously
approved by the institutional ethics committee, and their
written informed consent for participation in the study was
obtained. Main anamnestic data collected from the athletes
indicated that all the participants were healthy, they did
not suffer from any chronic disease, they had adequate
oral hygiene habits, at least five balanced meals per day,
and they all declared themselves as non-smokers. Also,
basic dental examinations with a mirror and a probe were
performed, and it was established that the participants did
not have active pathological processes in the mouth.

Prior to sample collection, all the participants were
familiarized with the experimental protocol, they were
explained the rules of behavior, and shown the correct
technique for saliva specimen collection. According to
the instructions, they had to brush their teeth at least 30
minutes before their scheduled training and then refrain
from taking food, caffein, alcohol, tobacco, chewing gums,
juice, and energy drinks. Consuming water before and in-
between sample collection was allowed.

Saliva samples

Saliva samples from all the participants were collected
before training (sample 1), immediately after (sample 2),
and 30 minutes after training (sample 3). For each sample,
the athletes were asked to wash their hands and they were
each given a sterile saliva container (Salivette®, Sarstedt,
Germany) containing a sterile plain cotton swab. They
were asked to open the lid of the container, take the cotton
swab, and put it under the tongue for 3 minutes, while per-
forming minimal orofacial movement. The cotton swabs
were then placed back into Salivette® containers, the lid
was closed, and each container was properly labeled. Saliva
samples were immediately transferred to the laboratory
for centrifugation (4200 x g, 10 minutes) and stored at
the appropriate temperature (-20°C) before analyses were
performed.

Saliva analyses

The levels of all investigated parameters (urea, creatinine,
uric acid, proteins, AST, CK, and salivary amylase) were
measured spectrophotometrically using a biochemical ana-
lyzer Rayto 1904-C (Rayto Life and Analytical Sciences
Co., Ltd, Shenzhen, China). Appropriate reagents were
used to obtain colored products (HUMAN Gesellschaft fiir
Biochemica und Diagnostica mbH, Wiesbaden, Germany),
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using the same methodology as for
the serum measurements. The ab-
sorbances of the obtained colored
compounds at certain wavelengths
were measured, and then converted
into quantitative concentration, mass
concentration, or enzyme activity, de-
pending on the biomarker.

Statistical analysis

The concentrations of the investigated
biomarkers in the samples collected at
three different time points relative to
the physical activity (sample 1, sam-
ple 2, and sample 3) were statistically
analyzed with Friedman test, regard-
less of the sport (all basketball and
MMA samples together) and within
each sport separately (basketball and
MMA samples separately). Wilcoxon
signed ranks test was used for post-
hoc between-group comparisons
when significant differences among
three samples were detected by the
Friedman test. Mann-Whitney U-test
was used to assess the differences in
the concentrations of the investigat-
ed parameters in samples 1, 2, and 3
independently, between two sports
(basketball vs. MMA). The data were
statistically analyzed using IBM SPSS
Statistics (IBM Corp., Armonk, NY,
USA), and significance level was set
at p < 0.05 in all analyses.

RESULTS

Concentrations of urea, creatinine,
uric acid, proteins, AST, CK, and
salivary amylase in samples 1, 2, and
3 did not statistically differ among
each other when all collected saliva
samples were compared regardless
of the sport (Friedman test, Table 2).

Brajovi¢ G. et al.

Table 2. Concentrations of urea, creatinine, uric acid, proteins, aspartate aminotransferase (AST),
creatine kinase (CK), and salivary amylase in samples 1, 2, and 3, taken from all participants
before, immediately after and 30 minutes after training, respectively

- Sample 2 Sample 3 -value
;(Arjlfgrzt)lapants beé)irentprlaeir:ing immegigtfely 30 mingﬁ:).es after (Fr:iedman
after training training test)
Urea (mmol/I) 4.98 £2.105 3.85+2.398 4.89 +1.839 0.202
Creatinine (umol/l) 23.03 +5.030 22.56 + 4.465 23.49 +4.601 0.989
Uric acid (pmol/I) 212.23£76.998 | 233.82+£92.464 |246.04+129.616| 0.170
Proteins (g/1) 2.74 +£2.008 6.19+8.379 6.24 + 8.268 0.795
AST (U/1) 23.27 £15.520 | 25.59+18.477 | 20.64+16.580 0.063
CK (U/1) 4.48 £5.577 4.64 £6.721 2.83+3.339 0.086
Salivary amylase (U/ml) | 148.68 + 102.448 | 159.54 + 118.983 | 169.18 + 117.247 |  0.351

The results are presented as mean values + standard deviation

Table 3. Concentrations of urea, creatinine, uric acid, proteins, aspartate aminotransferase (AST),
creatine kinase (CK), and salivary amylase in samples 1, 2 and 3, taken from basketball players
before, immediately after, and 30 minutes after training, respectively

Sample 2 Sample 3 -value

?:ikﬁt;a" players befsoaremtr?'geir:ing immegi.at.ely 30 miny?es after (FFr,iedman

after training training test)
Urea (mmol/l) 4,99 +2.273 5.74+1.374 501+1.126 0.103
Creatinine (umol/Il) 23.24 +£6.331 22.37 £3.430 21.66 £ 3.663 0.643
Uric acid (umol/I) 250.82 +£82.014 |268.54 +109.297 | 290.36 + 105.489 0.441
Proteins (g/1) 1.71 £ 1.181 1.16 £ 0.612 1.13+£0.683 0.294
AST (U/I) 19.73 £ 19.042 16 +13.550 12.64 +£10.585 0.461
CK (U/1) 4.59 + 6.741 3.12+2.982 376 £3.111 0.695
Salivary amylase (U/ml) | 143.91 £ 94.159 | 147.82 £89.334 | 170.54 + 128.543 0.234

The results are presented as mean values + standard deviation; values in bold indicate the statistically
significant difference with the corresponding values in the MMA samples shown in Table 4

Table 4. Concentrations of urea, creatinine, uric acid, proteins, aspartate aminotransferase
(AST), creatine kinase (CK), and salivary amylase in samples 1, 2 and 3, taken from MMA fighters
before, immediately after, and 30 minutes after training, respectively

Sample 1 Sample 2 Sample 3 p-value
MMA fighters (n=11) before immediately 30 minutes after | (Friedman

training after training training test)
Urea (mmol/I)* 2,97 +1.377° 1.96 + 1.5368 4.78 £ 2.410* 0.020*
Creatinine (umol/I) 2282+3.6 22.75+5.480 25.32 +4.868 0.529
Uric acid (umol/I) 173.64 £49.472 | 199.09 +57.923 | 201.73+140.826 | 0.148
Proteins (g/1) 3.78+2.171 11.22 £ 9.564 11.36 £9.245 0.175
AST (U/I)* 26.82 +10.75*® | 35,18 + 18.192* | 28.64 + 18.013® 0.026*
CK (U/1)* 4.37 + 44,4548 6.15 + 8.994* 1.90 + 3.439® 0.021*
Salivary amylase (U/ml) | 153.45 + 114.563 | 171.27 + 146.447 | 167.82+111.091 0.534

The results are presented as mean values + standard deviation;
*presence of statistically significant difference; different superscript letters indicate statistically significant
difference among the values presented in the same row;
values in bold indicate the statistically significant difference with the corresponding values in the
basketball samples shown in Table 3

When concentrations of examined parameters were sta-

Additionally, concentrations of all examined parameters

tistically analyzed among samples 1, 2, and 3 separately for
basketball and MMA, there were no significant differences
for any of the parameters in the samples collected from
basketball players (Friedman test, Table 3), whereas statisti-
cally significant differences were present in the concentra-
tions of urea, AST, and CK in the samples collected from
MMA fighters (Friedman test, Table 4). Between-group
comparisons revealed that the concentration of urea was
significantly higher in sample 3 than in samples 1 and 2,
while concentrations of AST and CK were significantly
different only between samples 2 and 3 (Wilcoxon signed
ranks test, Table 4).

‘ DOI: https://doi.org/10.2298/SARH210913095B

were compared between basketball and MMA (Mann-
Whitney U-test) independently for samples 1, 2, and 3.
In samples taken before training (sample 1) statistically
significant differences existed in concentrations of urea
(p =0.010), proteins (p = 0.023) and AST (p = 0.047) be-
tween basketball and MMA samples. Immediately after
training (sample 2), statistically significant differences
were present in concentrations of urea (p = 0.000), proteins
(p=0.019), and AST (p = 0.005) between basketball and
MMA samples. In samples taken 30 minutes after training
(sample 3), statistically significant differences were pres-
ent in concentrations of uric acid (p = 0.013), proteins

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):660-665
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(p =0.002), and AST (p = 0.002). Concentrations of other
examined parameters did not significantly differ between
the two sports.

DISCUSSION

A lack of statistically significant differences in the con-
centration of any of the parameters among saliva samples
collected before, immediately after, and 30 minutes after
training, when all participants were analyzed, regardless of
the sport, led to the acceptance of the first null hypothesis.
The second null hypothesis was accepted for basketball, as
no statistically significant difference was detected in the
concentration of any of the parameters among the three
saliva samples, while the second null hypothesis was re-
jected for MMA, where statistically significant differences
were present in the concentrations of urea, AST, and CK
among samples 1, 2, and 3. The third null hypothesis was
also rejected, since significant differences existed in the
concentrations of urea, uric acid, proteins, and AST be-
tween basketball and MMA samples.

In the present study, there were no statistically signifi-
cant differences in the concentrations of salivary amylase
and proteins in the total sample, nor when the two sports
were analyzed separately, which is in line with some previ-
ous findings [9]. Nevertheless, opposing results have also
been reported [16]. Higher levels of these biomarkers were
expected after exercise, considering that their secretion
is predominantly controlled by the sympathetic nervous
system activated in stress [5, 6]. It could be assumed that
sport trainings in this study had no significant effect on the
protein and salivary amylase concentrations because the
exercise intensity was below the anaerobic threshold, when
salivary amylase and proteins were proved to increase [17].
It should be noted that the level of proteins in the MMA
group was significantly higher than that in the basketball
group in all three samples, suggesting that MMA training
is probably closer to the anaerobic threshold level.

Higher levels of serum enzymes CK, AST, and LDH
could be used as indirect markers of muscle damage, and
in apparently healthy subjects they may be correlated with
physical training status [13, 18, 19]. The results of this
study showed that in the MMA group AST and CK salivary
levels increased immediately after training and returned
to their initial values in samples taken 30 minutes after
training, suggesting that this change is transitory.

Interestingly, the levels of salivary AST were signifi-
cantly higher in all three MMA saliva samples than in
the basketball samples. Based on this finding it could be
assumed that MMA fighters are more likely to have per-
manent increase of AST in saliva. Furthermore, analyses
of key salivary electrolytes, stress and immune markers,
and muscle damage markers in the saliva samples showed
that male and female organisms have different response to
exercise stress [15, 20]. A greater response to exercise stress
was noticed in females, as there were significant increases
in osmolality, salivary amylase activity, and secretion rate
and salivary IgA secretion rate, whereas such differences
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between rest and exercise were not present for any salivary
analytes in males [20]. Also, the three enzymes indicating
muscle damage (AST, LDH, and CK) showed different
responses in men and women playing rugby, with AST
showing the most significant variations, which were more
pronounced in men than in women [15].In the present
study, around 18% were females (four out of 22) in the
total sample, and all of them were in the MMA group,
where they represented around 36% (four out of 11), while
in the basketball group all participants were males, which
could explain the differences in the results between the
studies. Further research should focus on the investigation
of the influence of sex and type of sport on these salivary
biomarkers at rest and during exercise.

Differences in the levels of biomarkers between bas-
ketball and MMA samples observed in the present study
may be due to several other reasons, such as younger age,
lower BMI, more frequent and longer trainings of basket-
ball players than those of MMA fighters, as well as due to
basic differences in these two sports. Basketball is a team
sport with a ball, characterized mainly by running and
shooting, while MMA is a combat sport, with two distinct
categories — grappling and striking. Therefore, these two
sports develop different physical and physiological profiles,
in terms of aerobic and anaerobic capacities, strength, ki-
nematic, and neuromuscular variables [21, 22].

It is well-known that saliva also contains urea, creati-
nine, and other markers of renal function. Studies have
shown that the salivary concentrations of these markers
are useful for the assessment of kidney function, and one
study investigated them as possible markers for periodon-
tal disease [23, 24]. To the best of the authors’ knowledge,
the assessment of salivary concentration of these param-
eters has not been used in relation to the physical activity,
sport, and exercise. While the levels of creatinine did not
show significant changes among the collected samples and
groups, concentration of urea in MMA samples 1 and 2
was significantly lower than in sample 3, and it was also
lower in MMA samples 1 and 2 compared to that of bas-
ketball samples 1 and 2. These differences could probably
be associated with urea excretion through sweat and in-
dividual characteristics that affect sweating.

It was expected that exercise would cause an increase
in the concentration of uric acid, a salivary antioxidant, as
antioxidant responses are promoted by physical activity
and the antioxidant profile of saliva samples showed to
be very similar to that of plasma [25]. The results of this
study showed that concentration of uric acid was higher in
samples taken after training than in samples taken before
training, but the difference was not statistically significant
in any of the analyses. However, a significantly higher con-
centration of uric acid 30 minutes after training observed
in the saliva of basketball players than in that of MMA
tighters suggests that activities similar to basketball may
lead to more pronounced antioxidant responses and con-
sequently to the physiological processes related to redox. It
may also be because basketball players trained more often,
they were probably in better physical shape, and they were
younger than MMA fighters that participated in this study.
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Lack of significant difference in the concentration of
some markers before and after training could be explained
by an early activation of stress response that is not directly
related to the physical activity during training, but to the
research itself, i.e., excitement or fear of the unknown
which participants may have had upon entering the study.
On the other hand, sample 1 was taken prior to training,
but after participants’ arrival at the training site, hence
one should have in mind that they had certain activity
(e.g., walking, fast walking, public transportation) dur-
ing arrival, so sample 1 could not be entirely considered a
sample at complete rest.

REFERENCES

1. Hackney AC. Stress and the neuroendocrine system: the role of
exercise as a stressor and modifier of stress. Expert Rev Endocrinol
Metab. 2006;1(6):783-92.

2. Fragala MS, Kraemer WJ, Denegar CR, Maresh CM, Mastro AM,
Volek JS. Neuroendocrine-immune interactions and responses to
exercise. Sports Med. 2011;41(8):621-39.

3. Todorovi¢T, Dozi¢ |, Pavlica D, Markovi¢ D, Brajovi¢ G, lvanovi¢ M,
et al. Use of saliva as a diagnostic fluid in dentistry. Srp Arh Celok
Lek. 2005;133(7-8):372-8. [Article in Serbian]

4. Zalewska A, Waszkiewicz N, Lépez-Pintor RM. The use of saliva
in the diagnosis of oral and systemic diseases. Dis Markers.
2019;2019:9149503.

5. Chicharro JL, Lucia A, Pérez M, Vaquero AF, Urefa R. Saliva
composition and exercise. Sports Med. 1998;26(1):17-27.

6.  Walsh NP, Laing SJ, Oliver SJ, Montague JC, Walters R, Bilzon JL.
Saliva parameters as potential indices of hydration status during
acute dehydration. Med Sci Sports Exerc. 2004;36(9):1535-42.

7.  Leal DV, Taylor L, Hough J. Exercise-induced salivary hormone
responses to high-intensity, self-paced running. Int J Sports
Physiol Perform. 2021:1-9.

8.  Faidah N, Soraya GV, Erlichster M, Natzir R, Chana G, Skafidas E, et
al. Detection of voluntary dehydration in paediatric populations
using non-invasive point-of-care saliva and urine testing. J
Paediatr Child Health. 2021;57(6):813-8.

9.  Ligtenberg AJ, Liem EH, Brand HS, Veerman EC. The effect of
exercise on salivary viscosity. Diagnostics (Basel). 2016;6(4):40.

10.  Simpson RJ, Campbell JP, Gleeson M, Kriiger K, Nieman DC,

Pyne DB, et al. Can exercise affect immune function to increase
susceptibility to infection? Exerc Immunol Rev. 2020;26:8-22.

11.  Bishop NC, Gleeson M. Acute and chronic effects of exercise
on markers of mucosal immunity. Front Biosci (Landmark Ed).
2009;14:4444-56.

12.  Matsumoto M, Satoh K, Kushi H, Hamuro K, Sakurai M, Saito H,
et al. Salivary immunoglobulin A secretion rate during peak
period conditioning regimens in triathletes. J Strength Cond Res.
2021;35(5):1389-96.

13.  Nie J, Tong TK, George K, Fu FH, Lin H, Shi Q. Resting and post-
exercise serum biomarkers of cardiac and skeletal muscle damage
in adolescent runners. Scand J Med Sci Sports. 2011;21(5):625-9.

14.  Barranco T, Tvarijonaviciute A, Tecles F, Carrillo JM, Sdnchez-Resalt
C, Jimenez-Reyes P, et al. Changes in creatine kinase, lactate
dehydrogenase and aspartate aminotransferase in saliva samples

DOI: https://doi.org/10.2298/SARH210913095B

Brajovi¢ G. et al.

CONCLUSION

In conclusion, the influence of the exercise on the levels of
salivary diagnostic markers, such as urea, AST and CK, is
more evident during MMA than basketball training. Saliva
composition of MMA fighters and basketball players differ
in terms of levels of urea, uric acid, proteins, and AST com-
position. Saliva may be an alternative and noninvasive tool
in sports medicine for the study of salivary proteins, stress
and immune markers, antioxidants, and muscle damage
enzymes in different physical exercise protocols.
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ymu,aj ¢M3W-IKE dKTUBHOCTU TOKOM CMOPTCKOI TP€HUHra Ha HUBO AMjarHOCTMqKMX

MapKepa n/byBauke

laBpuno bpajosuh', Capa borgaHosuh? busbaHa Auhencku-Paguuesnh?®, BpaHka Monosuh*, 3opax MaHguHuh®, JeneHa Jynocki®

'YHuBep3utet y beorpagy, Cromatonoluku dakyntet, UHcTuTyTckn npeamet — Ousnonoruja, beorpag, Cpbuja;
2YHusep3uTet y beorpapy, CromatonoLuku pakyntet, beorpag, Cpbuja (CTyAEHT OCHOBHIX CTyAwja CTOMaTonormje);
3YHneep3uTet y beorpagy, Cromatonowwku dakyntet, UHcTuTyTCKM NpeameT - buioxemuja, beorpag, Cpbuja;
*YHuBep3uTeT y beorpagy, Cromatonowku gakyntet, IHCTUTYTCKM npeameT — XymaHa reHeTuka, beorpag, Cpbuja;
YHuBep3uTeT y beorpapy, CromatonoLuku pakyntet, KnuHuKa 3a Aeujy 1 npeBeHTrBHY cTomatonorujy, beorpag, Cpbuja

CAMETAK

YBop/Lumb Linb oBe cTyauje 6uo je pa ce yTBpAe NpomMeHe y
KOHLIEHTpaLmjy ypee, KpeaTuH1Ha, MoKpahHe KrcenvHe, npote-
WHa, acnapTaT-amrHoTpaHcdepase (ACT), KpeaTnH-kuHaze (KK)
1 canvBapHe amuniase y y30pLyma nibyBayke NpuKymnbeHNM
npe, HeMoCpe[HO HakoH 1 30 MVHYTa HaKoH dr3NYKe aKTUBHO-
CT KOja Ce N3BOAMNa TOKOM TPEHUHTa KOLLapKe 1 MeLOBUTUX
6opuinaukmx BewTHa (MMA).

MeTope Y nctpaxuBarmy je yueCcTBOBasio ABafeceT ABOje
crnoptucTa, 11 kowapkawa v 11 MMA 6opaua, 18 myLiKapaLa
N YeTupWn XeHe, ctapoctun 15-24 roanHe. Y3opum nibyBayke
CaKyn/baHu Cy y CTepuIHe enpyBseTe 3a nibyBauky (Salivette®)
0[] CBMX yYeCHMKa npe TpeHuHra (y3opak 1), HemocpeaHo Ha-
KOH (y30pak 2) 1 30 MMHyTa HaKOH TpeHuHra (y3opak 3). Husom
CBUX MCMUTUBaHKX GOMapKepa U3MepeHm cy cnekTpodoTome-
TPUjCKOM METOLOM y B1OXEMIjCKOM aHann3aTopy.
Pesyntatu CTaTMCTUKM 3HAYajHe pa3nnke bune cy npucyT-
He mehy y3opuuma 1, 2 1 3 y KoHUeHTpauujama ypee, ACT 1
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KKy y3opuuma npukynmwseHum og MMA 6opaua (ODpramaHos
TecT). Mehy Tpu y30pKa y3eTa ofj KoLlapKalla H/UCY youeHe
CTaTUCTVYKM 3HaYajHe pa3nvike y aHann3vpaHMmM napameTprma.
Kapa cy ynopehumBaHe KOHLEHTpaLje CBUX JNjarHOCTUYKIX
Mapkepa nsmehy kowapke n MMA, He3aBrCHO 3a y3opke 1, 2
1 3, MocTojane Cy CTaTUCTUYKM 3HayajHe pa3nuke (MaH-BuTHu
U TecT) y KOHLeHTpaLujama ypee, MoKpahHe KucenvHe, npo-
TevHa n ACT.

3aK/pyyaK Ha ocHOBY pe3ynTaTa oBe cTyaAuje, yTuLaj prsnyke
AKTVIBHOCTY Ha HMBOE AMNjarHOCTUYKMX MapKepa MibyBauke,
Kao wro cy ypea, ACT n KK, nspaxeHuju je kog MMA y ogHocy
Ha KoLapKallKy TpeHuHr. CacTaB nibyBauke MMA 6opaua v
KoLlapKalla pa3nuKyje ce y nornegy H1Boa ypee, MokpahHe
KucenuHe, npotenHa n ACT.

KmbyuHe peun: ¢ri3nuKa akTMBHOCT; CMOPTCKY TPEHUHT; Aujar-

HOCTUYKN MapKepu MibyBayKe; KOLapKa; MeLoBuTe 60pMnaqu
BelWTnHe
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SUMMARY

Introduction/Objective This research aims to evaluate the impact of chronic stress on behavioral effects
of ketamine, which are still not sufficiently clear.

Methods Wistar male rats aged five weeks were used in the experiment. The animals were divided into
two equal groups: control and experimental. After being exposed to a chronic unpredictable stress
paradigm for 42 days, experimental rats received a single injection of ketamine (10 mg/kg; day 45) as did
the control group. The impact of ketamine was assessed using behavioral tests, spontaneous coordinate
activity, and water maze tests for the evaluation of short-term memory.

Results The experimental group rats showed less spontaneous motoric activity than before ketamine
application. Statistical significance was shown in gaining weight after time of ketamine application in
the control group, as well as in the experimental group, where they showed weight loss during stress
paradigm and then increased their weight after ketamine application. There was no statistical significance
in speed measurements in either group, showing no effects on short-term memory behavior.
Conclusion These findings show that ketamine in a single subanesthetic dose has antidepressant and
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INTRODUCTION

Anxiety presents a normal reaction to various
stressful events and is most often very useful
in some situations, by helping one prepare for
potential danger and inducing one’s adequate
reaction. Anxiety disorders refer to anticipa-
tion of future concerns and doubts, fear and
avoidance. They also present the most common
group of mental disorders generally nowadays
[1]. Drugs that affect the serotonergic and
GABAergic neurotransmission are often used
in treatment of stress disorders but also show
some limitations in their use, aiming further in-
vestigations in other direction [2]. A great po-
tential of different negative glutamate transmis-
sion modulators has been shown as a result of
many studies [3, 4]. Ketamine presents a disso-
ciative anesthetic, non-competitive N-methyl-
D-aspartate receptor antagonist with rapid and
sustained anxiolytic and antidepressant effects
manifested in clinical and preclinical studies
lasting for a couple of weeks, which means that
probably even a single dose of ketamine might
have beneficial effects on anxiety conditions
[5]. There is significant discrepancy among
preclinical studies related to anxiolytic effects
of ketamine. There are also different profiles of
ketamine that make an impact in animal tests
concerning anxiety/stress/fear, which much de-
pend on the experimental paradigm, schedule

of ketamine application, doses, and tested ani-
mals. Initially proposed as a depression model,
chronic unpredictable stress paradigm (CUS) is
a widely used paradigm in investigating stress
disorders in preclinical research in rodents. It
comprises continuous and consecutive expo-
sures to variable, unpredictable, and aversive
stressors lasting for weeks [6]. Many already
conducted studies showed great similarity of
paradigm variables to chronic stressful condi-
tions of human life as well as decreased loco-
motor and exploratory activity and impaired
learning and memory as one of the signs of
anhedonia after CUS paradigm was completed
[7].

This research aims to evaluate the impact
of chronic stress on behavioral effects of ket-
amine. The objective of this study was to in-
vestigate the impact of chronic stress on tested
animal behavior after ketamine was applied and
whether ketamine could improve anxiety-like
behaviors seen in rats exposed to chronic un-
predictable stressors and to determine possible
variations.

METHODS

Wistar male rats (250-300 grams; Faculty of
Medicine, University of Belgrade), aged five
weeks (approximates time of adolescence in
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humans), were used at the beginning of the experiment.
They were allowed one week acclimatization period be-
fore unpredictable stress exposure. There were 16 rats in
total, kept in Makrolon cages, two animals per cage, and
ted ad libitum with a full rat mixture formula (Veterinary
Institute, Subotica); water used for the animals was from
the Belgrade water supply; room temperature was 22 +
2°C, following the 12 to 12 day and night regime. At the
beginning of the experiment, the animals were divided
into two equal groups: control and experimental, each
containing eight rats. The control group was kept and
fed as previously specified. The experimental group was
exposed to continuous stress during 42 days according
to the following schedule: on day one, the animals were
transferred from one cage into the other, so that the pairs
from the beginning of the experiment are separated; on
day two, the animals were exposed to 24-hour light; on
day three, they were retransferred to separate the previ-
ously formed pairs; on day four, the animals were subjected
to tail clipping by taking the tip of the tail with a clamp,
lifting the animal 20 cm above the cage where it was kept
for 15 seconds and returned back to the cage; on day five,
the animals were retransferred to separate the previously
formed pairs, and on day 6, they were deprived of food and
water during 24 hours. That cycle was repeated until day
42 from the beginning of the experiment. [8, 9]. After 42
days from the beginning of the experiment, the animals
were exposed to behavioral tests as follows: observation of
spontaneous activity in the new space and testing short-
term memory in a water pool without any previous treat-
ment, following intraperitoneal administration of 10 mg/
kg ketamine hydrochloride and 20 minutes after ketamine
was applied, observation of spontaneous activity and short-
term memory testing in a water pool. The control group
was allowed usual animal activities and was subjected to
the same tests, and ketamine was administered in the same
dose. After testing, all animals were tested for glucose lev-
els. The weighing of animals was performed three times.
The first weighing was during the stress paradigm, the
second one was performed seven days after, before ket-
amine application, and third weighing was also six days
after the second weighing.

All experiments were carried out according to the NIH
Guide for Care and Use of Laboratory Animals and were
approved by the Ethics Committee of the University of
Belgrade (permit number 513/1, 27.01.2020).

Spontaneous activity

Spontaneous activity of the rats was measured on the 43rd
day using an Ugo Basile Activity Cage 7401 device. The rats
were placed into the device individually and kept there for
two hours, during which time the number of spontaneous
movements was measured at five-minute intervals.

Short-term memory

Short-term memory and spatial navigation learning were
tested on the 44th day using a 25°C, circular, 40-cm deep
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water pool; in one quadrant of the pool there was a rectan-
gular 15 x 15 cm “island” with surface 1 cm below the sur-
face of the water. The animals were prepared the previous
day by being placed into the water and slowly directed to
swim towards the “island.” If a rat did not locate the plat-
form after 90 seconds, it would be guided to the platform
and allowed to remain on the platform for 20 seconds to
recognize the location. The rats received three such con-
secutive trials on the day before the testing day with an
intertrial interval of 30 seconds. The water was changed
each day. The escape latency time for the rat to locate and
climb onto the platform was observed and recorded. For
each trial, the rats were allowed to search for the hidden
platform for a 90-second period. The day after the prepa-
ration, the procedure was repeated, the time elapsed from
placing an animal into the water until it found the “island”
and climbed onto it was measured by a chronometer. On
the 45th day, the same procedure was repeated, but this
time 20 minutes after ketamine administration. This test
was used to measure spatial navigation learning and short
memory in rats. Both groups of rats were trained for one
day, and the swimming test was performed as described
previously [10].

Statistical analysis

All observed data have normal distribution, so that the
following parameter tests were performed: the parameter
paired t-test within groups and the parameter matched
t-test for comparing pair times. In addition, Pearson’s cor-
relation was used in order to establish the degree of linear
connection.

RESULTS

Comparison of successive times in spontaneous activity
measurement in the experimental group before and after
ketamine application was performed in this experiment.
The same procedure was performed within the control
group. The differences between time parameters between
the experimental and the control group were not calculated
as we aimed to examine the behavior in each group inde-
pendently, to show the effects of ketamine on the animals’
behavior.

Before ketamine application in the experimental group,
the results showed statistical significance in time windows
between the fifth and the 10th minute, the 10th and the
15th, the 15th and the 20th, and the 55th and the 60
minute. In the control group, the statistical significance
was shown in successive time windows between the 15th
and the 20th minute and the 50th and the 55th minute
(Table 1 and Figure 1).

After ketamine application in the experimental group,
the statistical significance was shown in time windows be-
tween the 15th and the 20th minute and the 25th and the
30th minute. In the control group, the statistical signifi-
cance was shown between the 10th and the 15th minute
and the 35th and the 40th minute (Table 2 and Figure 2).
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Table 1. Succeeded time comparison in control and stress groups
before treatment

Paired samples Control group Stress group
statistics Mean | SD p Mean | SD p
. Time5 | 144.67 | 82.641 241.38 | 43.041
Pair 1 - 0.535 0.006
Time10 | 126.5 |42.627 164.38 | 44.397
) Time10 | 126.5 |42.627 164.38 | 44.397
Pair 2 - 0.235 0.014
Time15 | 97.83 |16.278 118.63 | 49.753
. Time15 | 97.83 | 16.278 118.63 | 49.753
Pair 3 - 0.000 0.015
Time20 | 73.17 |17.429 79 |35.505
. Time20 | 73.17 [17.429 79 |35.505
Pair4 — 0.336 ———— 0.698
Time25 | 63 |[21.457 76.88 |39.948
. Time25 | 63 |21.457 76.88 |39.948
Pair 5 . 0.809 0.179
Time30 | 57.67 [61.617 56.75 |29.085
) Time30 | 57.67 [61.617 56.75 |29.085
Pair6 — 0.850 0.130
Time35 | 62.17 |33.772 42 22552
. Time35 | 62.17 |33.772 42 22552
Pair 7 - 0.563 0.570
Time40 | 54.17 |39.686 36.25 |20.852
. Time40 | 54.17 |39.686 36.25 |20.852
Pair8 — 0.116 0.623
Time45 | 33.67 |24.476 42 119.198
. Time45 | 33.67 |24.476 42 119.198
Pair9 — 0.372 0.358
Time50 | 48 |[20.794 33.5 |24.378
. Time50 | 48 [20.794 335 |24.378
Pair 10 — 0.008 0.292
Time55 | 24.5 |18.982 25.75 [18.352
. Time55 | 24.5 |18.982 25.75 18352
Pair 11 — 0.826 0.025
Time60 | 22.83 | 16.29 485 |28.122

After ketamine was applied, the experimental group
showed less spontaneous motor activity than before ket-
amine was applied.

The control group showed weight gain after ketamine
was applied and experimental group showed weight loss

Table 2. Succeeded time comparison in control and stress groups after treatment
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Groups

Cantrol Stress

Figure 1. Successive times in spontaneous activity measurement in
experimental group before ketamine application
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Control Stress
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Figure 2. Successive times in spontaneous activity measurement in
experimental group after ketamine application

when stressed, during CUS paradigm, but also weight gain
after ketamine was applied (Figure 4 and Table 3).

There was no statistical significance in speed measure-
ment in both groups.

The glucose level of the control group was
elevated as late as 30 minutes after the baseline

of ketamine
. - CEIGHEI S G and then returned to normal. As for the stress

Paired samples statistics Mean | SD o | Mean| sD . group, it can be seen that the glucose level rise
Time ketamine5 | 339 | 74.825 339.25 | 101.064 was abrupt and differed compared to the baseline

Pair 1 etamine10 | 269.17 | 98.493 | %% 57183 118082 | ©%°°|  and then dropped after 30 minutes. Statistically
Time_ketamine10 | 269.17 | 98.493 271.88 | 118.082 significant rise/drop was observed almost at all

PaIr2 | Time_ketamine1s | 1325 | 66443 | °°> 22675 | 136581 | *'°° | measured times (Figure 3 and Table 3).

Pair 3 T?me_ketam?ne1 5| 1325 | 66.443 0.074 226.75 | 136.581 0.056
Time_ketamine20 104 |79.815 169.25 | 88.286

_ | Time_ketamine20 | 104 | 79.815 169.25 | 88.286 DISCUSSION

Pair 4 . . 0.270 0.271
Time_ketamine25 | 87.5 | 58.76 136.75 | 49.204

bair5 Time_ketamine25 | 87.5 | 5876 | ... |13675| 49204 | ., We investigated the eff.ec.ts of ketamine on spon-
Time_ketamine30 | 58.67 | 35.943 9% | 63.933 taneous locomotor activity and short memory in

Pair 6 Time_ketamine30 | 58.67 | 35.943 o407 | %6 63933 rats within the CUS model. Spontaneous loco-
Time_ketamine35 | 45 | 15.427 69 | 51.758 motor activity was measured in an activity cage;

pair7 Time_ketamine3s | 45 15427 .| 69 | 51758 | . recording values which indicate pulses were re-
Time_ketamine40 | 27.5 | 16.814 68.63 | 51.264 corded by the apparatus as the stainless bars tilted

pairg | ime_ketamined0 | 27.5 |16814| . | 6863 | 51.264 | & __ in response to animal movements, and activity of
Time_ketamine45 | 555 | 50.007 59.75 | 29.793 each rat was automatically recorded for consecu-

pairg Llime_ketamined5 | 55.5 | 50007 | 5975 | 29793 | . tive five minutes. Our results showed an increase
Time_ketamines0 | 49.67 | 15.565 53.63 | 42915 of spontaneous activity in both experimental and

pair 10 | ime_ketamine50 | 49.67 | 15565 | .| 5363 | 42915 | |  control groups of animals before ketamine was
Time_ketamine55 | 35.17 | 31.884 44.75 | 21.346 applied, in the time window between the 15th

Pair 11 Time_ketamine55 | 35.17 | 31.884 0.937 44.75 | 21.346 | 0.693 and the 20th minute and the 55th and the 60th
Time_ketamine60 | 33.5 |28.829 39.75 | 18.077 minute of measurement, but at the beginning,
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Figure 3. Glucose concentrations in the experimental and the control
group

Table 3. Succeeded time comparison in control and stress groups for weight,

speed, and glucose

Figure 4. Weight changes in experimental and control groups in three
time-point measurements

addiction, with no statistical significance in cogni-
tive deficits, memory, and spatial learning, which is in

Paired samples Control group Stress group consistency with our findings related to the speed of
QLRI Mean | SD p_| Mean | SD swimming of animals and short-term memory, where
pair1 | Neight1 |331667/104.195] 136375122962 -  we also found no statistical significance [14]. The in-
Weight2 | 337.500 | 105.818 337.5 | 114.268 ability of low ketamine dose to affect memory can be

pairy | Weight1 | 331.667]104.195| ' ' 363.75]122962| .. |  due to the short half-life of ketamine. At lower, sub-
Weight3 | 346.667 | 108.382 37375 | 125.235 anesthetic doses, ketamine is able to mimic the effects

pair3 |Weight2 | 3375 |105818 | o | 3375 |114268| ) 0| of an antidepressant [15]. We administered ketamine
Weight3 | 346.667 108382 373.75|125.235 at a single dose of 10 mg/kg, which was chosen as it is

pair1 [2peed 153 | 9203 1,571 92 8 o779 regarded to represent a recreational dose for use in ro-
speedket. | 85 | 4231 8625 | 4868 dents with LD50 of 600 mg/kg at four-hour intervals

Pair 1 2:322::(1)5 Z:;?i 8::2? 0.056 ?zji (1):(6)5? 0.001| and was consistent with d(.)sages reportec'i in lite.ratufe
lucoseo | 6183 | 0454 s863 | 0652 shown to be subanesthetic and primarily anxiolytic

Pair2 30 | 7233 | os3s 1% [sars | 1627 | %006 and antidepressant in rodents [16]. Noncompetitive
Glucoseo | 6183 | 0454 =863 | 0652 N-methyl-D-aspartate (NMDA) receptor antagonists

Pair3 o se60 | 6467 | 1665 1% 7763 [ 1423 | 20! produce antidepressant effects after a single admin-
Glucose0 | 6483 | 0454 5863 | 0652 istration, which was shown at the forced swimming

Paird 1 cose120] 62 | 0704 1 %% (6613 | 0387 |0:026| testand the tail suspension test. Research that in-
Glucose1s | 6617 | 0591 2975 | 1.071 cluded ketamine’s antidepressant effects after acute

PairS I ose30 | 7233 | 0838 | %1% (8475 | 1627 | 028 single application showed that acute treatment with
Glucosels | 6617 | 0591 7975 | 1.071 a noncompetitive NMDA channel blocker tends to

Pair6 I ose60 | 6467 | 1665 | “ 7763 | 1143 | %72°| improve depressive and anxiolytic behaviors induced
Glucosel5 | 6617 | 0.591 7975 | 1.071 by chronic stress [17]. Opposite to this, animals that

Pair 7 lucose120] 62 | 0704 | %228 (6613 | 0387 | 0°'3|  were repeatedly administered ketamine demonstrated
] Glucose30 | 7.233 | 0838 8.475 | 1.627 locomotor sensitization and addiction [18]. Previous
Pair8 I 05060 | 6467 | 1665 | ° 8 (7763 | 1143 | %392 | research investigating the effectiveness of noncom-
bair o Glucose30 | 7.233 | 0.838 o135 | 8475 | 1627 | petlt.we NMDA receptor antagonists has revealed in-
Glucose120| 62 | 0.704 6613 | 0387 consistent results. Recent research, however, has been

bair 10 |GlUCOSe60 | 6467 | 1665 | .| 7763 | 1143 | o providing robust evidel?ce for. ketamine’s anxiolytic
Glucose120| 62 | 0.704 6.613 | 0.387 effects. In a study that investigated acute effects of

only the experimental group showed activity. These results
showed immediate effects of CUS in the group of experi-
mental animals as increased locomotor activity and as a
result of anticipating pain and stress, which is in consis-
tency with previously conducted investigations [11, 12, 13].

The experimental group rats showed less spontaneous
motoric activity than before ketamine application, which
shows longer term effects of ketamine administration
and its anxiolytic effects as well, which was also shown
in a study conducted by Bates and Trujillo [14], who also
showed that repeated ketamine application might lead to

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):666-671

NMDA receptor blockade with ketamine in an animal

model of fear-conditioning affecting frequency and
duration of freezing as well as associated neural changes
in the subcortical structures, the results indicated that ket-
amine normalized stress-related depressive behaviors in
areas associated with fear and anxiety [19]. Clinical use
of ketamine, esketamine, has gained broad attention be-
cause of its rapid therapeutic effects, as well as effects that
last for a significant amount of time after a single dose in
treatment of depression-resistant patients [20]. As previ-
ously described, our investigation showed statistical sig-
nificance related to weight was shown in the experimental
group after stress paradigm (weight loss), after ketamine
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application (weight gain) and between the first and the
third weight measurement there were of no statistical
significance. Our experimental group of animals showed
weight loss due to the CUS paradigm, which confirms that
these rats were in a state of anhedonia, one of the major
signs of depression. Previous studies showed that chronic
stress in the rodent stress animal model induces specific
patterns of behavioral activity that indicate depression or
anxiety, like anhedonia and loss of interest when exposed
to behavioral tests [21]. The previous study of Cox et al.
[22] also showed that the experimental group had slower
weight gain even if the CUS model they used did not in-
clude food and water deprivation and increased locomotor
activity noticed in behavior tests is proved not to be linked
to this weight loss phenomenon. The weight measurement
was done during the CUS, then after ketamine application
(seven days after), and finally six days after the second
measurement. There was no difference between the first
and the third measurement, as experimental animals who
were under stress events felt anhedonia and ate less, while
after some time ketamine effects showed in weight gain.
Even though stress enhances the response to insulin, our
results showed that glucose level was significantly different
and slower in its metabolism in the experimental group

REFERENCES

1. Craske MG, Stein MB, Eley TC, Milad MR, Holmes A, Rapee RM, et
al. Anxiety disorders. Nat Rev Dis Primers. 2017;3:17024.

2. Bandelow B, Michaelis S, Wedekind D. Treatment of anxiety
disorders. Dialogues Clin Neurosci. 2017;19(2):93-107.

3. Joffe ME, Santiago Cl, Oliver KH, Maksymetz J, Harris NA, Engers
JL, et al. mGlu2 and mGlu3 Negative Allosteric Modulators
Divergently Enhance Thalamocortical Transmission and Exert
Rapid Antidepressant-like Effects. Neuron. 2020;105(1):46-59.e3.

4. Zussy C, Gdbmez-Santacana X, Rovira X, De Bundel D, Ferrazzo
S, Bosch D, et al. Dynamic modulation of inflammatory pain-
related affective and sensory symptoms by optical control of
amygdala metabotropic glutamate receptor 4. Mol Psychiatry.
2018;23(3):509-20.

5. Chirico MTT, Guedes MR, Vieira LG, Reis TO, Dos Santos AM,

Souza ABF, et al. Lasting effects of ketamine and isoflurane
administration on anxiety- and panic-like behavioral responses in
Wistar rats. Life Sci. 2021;276:119423.

6.  Willner P.The chronic mild stress (CMS) model of depression:
History, evaluation and usage. Neurobiol Stress. 2016;6:78-93.

7. HuC, LuoY,Wang H, Kuang S, Liang G, Yang Y, et al. Re-evaluation
of the interrelationships among the behavioral tests in rats
exposed to chronic unpredictable mild stress. PLoS One.
2017;12(9):e0185129.

8.  ZeldetzV, Natanel D, Boyko M, Zlotnik A, Shiyntum HN, Grinshpun
J, etal. ANew Method for Inducing a Depression-Like Behavior in
Rats. J Vis Exp. 2018;(132):57137.

9.  ZhangY,WangY, Lei H, Wang L, Xue L, Wang X, et al. Optimized
animal model to mimic the reality of stress-induced depression in
the clinic. BMC Psychiatry. 2017;17(1):171.

10.  Barnhart CD, Yang D, Lein PJ. Using the Morris water maze to
assess spatial learning and memory in weanling mice. PLoS One.
2015;10(4):e0124521.

11.  Zanos P, Moaddel R, Morris PJ, Riggs LM, Highland JN, Georgiou P,
et al. Ketamine and Ketamine Metabolite Pharmacology: Insights
into Therapeutic Mechanisms. Pharmacol Rev. 2018;70(3):621-60.
Erratum in: Pharmacol Rev. 2018;70(4):879.

DOI: https://doi.org/10.2298/SARH210508076S

Starcevic A. et al.

compared to the control group where its levels returned to
normal after an hour. In the experimental group glucose
levels remained higher than normal after the same period
of time. Previous studies showed increased blood levels of
glucose in rodents that were exposed to CUS and with ket-
amine application where short-term effect of ketamine was
shown on regulation of body weight and food intake [23].

CONCLUSION

Our results clearly suggest that ketamine has anxiolytic
properties on behavior at doses that do not produce short
memory impairment but improve locomotor activity and
weight gain. The anxiolytic effect of ketamine may be re-
lated to several neuromediator systems that are known to
be involved in neuropharmacology of anxiety, such as sero-
tonergic, glutamatergic, and GABAergic. Further research
should elucidate the neuronal mechanisms that underlie
specific differences in response to ketamine and highly
specific mechanisms responsible for lasting, non-addictive
effects on behavior.

Conflict of interest: None declared.

12.  Fogaca MV, Duman RS. Cortical GABAergic Dysfunction in Stress
and Depression: New Insights for Therapeutic Interventions. Front
Cell Neurosci. 2019;13:87.

13. Duman RS, Sanacora G, Krystal JH. Altered Connectivity in
Depression: GABA and Glutamate Neurotransmitter Deficits and
Reversal by Novel Treatments. Neuron. 2019;102(1):75-90.

14.  Bates MLS, Trujillo KA. Long-lasting effects of repeated ketamine
administration in adult and adolescent rats. Behav Brain Res.
2019;369:111928.

15.  Corriger A, Pickering G. Ketamine and depression: a narrative
review. Drug Des Devel Ther. 2019;13:3051-67.

16. Wang J, Goffer Y, Xu D, Tukey DS, Shamir DB, Eberle SE, et al. A
single subanesthetic dose of ketamine relieves depression-like
behaviors induced by neuropathic pain in rats. Anesthesiology.
2011;115(4):812-21.

17. Singh |, Morgan C, CurranV, Nutt D, Schlag A, McShane R. Ketamine
treatment for depression: opportunities for clinical innovation and
ethical foresight. Lancet Psychiatry. 2017;4(5):419-26.

18. Rocha A, Hart N, Trujillo KA. Differences between adolescents
and adults in the acute effects of PCP and ketamine and in
sensitization following intermittent administration. Pharmacol
Biochem Behav. 2017;157:24-34.

19.  Choi KH, Berman RY, Zhang M, Spencer HF, Radford KD. Effects of
Ketamine on Rodent Fear Memory. Int J Mol Sci. 2020;21(19):7173.

20. Aricioglu F, Yalcinkaya C, Ozkartal CS, Tuzun E, Sirvanci S, Kucukali
Cl, et al. NLRP1-Mediated Antidepressant Effect of Ketamine
in Chronic Unpredictable Mild Stress Model in Rats. Psychiatry
Investig. 2020;17(4):283-91.

21. Bates MLS, Trujillo KA. Use and abuse of dissociative and
psychedelic drugs in adolescence. Pharmacol Biochem Behav.
2021;203:173129.

22.  Cox BM, Alsawah F, McNeill PC, Galloway MP, Perrine SA.
Neurochemical, hormonal, and behavioral effects of chronic
unpredictable stress in the rat. Behav Brain Res. 2011;220(1):106-11.

23. Kohtala S. Ketamine-50 years in use: from anesthesia to rapid
antidepressant effects and neurobiological mechanisms.
Pharmacol Rep. 2021;73(2):323-45.

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):666-671



Ketamine impact on the behavior of Wistar rats in the chronic unpredictable model

EdeKTn KeTaMMHa Ha CNOHTaHY KOOPAMHATHY aKTUBHOCT U KPAaTKOPOUHY
MeMOpHjy Y XPOHMYHOM HenpeaBMAUBOM MOZENY CTpeca Kog rogapa

Axa Crapuesuh', lapko Jlaketuh', AHa huposuh', Anekcanapa 3eneHosuh', Jenena borbaHoBuh', JoBaHa AHgpejuh’,

Mwunou bacannosuh?, HeseHa [luBaL?

'YHuBep3utet y beorpagy, MeguumHckn dakynteT, UHCTUTYT 3a aHaTommjy ,Huko Mumbanuh', beorpag, Cpbuja;
2Ynueep3uteT y beorpagy, MeanumHckn dakyntet, UHCTUTYT 3a dapmakosniorujy, KMHUYKY Gapmakonorujy n Tokcukonorujy, beorpag, Cpbuja

CAXETAK

YBoa/Linmb OBO UCTpaxunBatbe 1Ma 3a b a NPOLEHN epeKkTe
XPOHWYHOT CTpeca Ha 6rxejBropanHe epekTe KETaMUHa, Koju
joLu yBeK HMUCY [OBOJbHO pasjallbeHun.

Mertope Y ekcneprMeHTy cy KopuLhReHr MyLIKX NaLoBu coja
Buctap ctapu net Hepema. KnBoTume Cy nofesbeHe y ase
jeAHaKe rpyne: KOHTPONHY U eKcnepyMeHTanHy. HakoH WwTo
cy 61NV N3N10XKEHWN NaPagUrMn XPOHUYHOT HENpeaBYANBOT
CTpeca TOKOM 42 AaHa, eKCNepUMEHTaHU MaLloBY Cy MPUMUIA
jenHy vHjekuwjy ketammHa (10 mg/kg; 45. paH) Kao 1 KOHTPOHa
rpyna. ¥Tuuaj KeTamvHa npoLereH je momohy TecToBa NoHa-
Larba, CNOHTaHe KOOPAMHATHE aKTUBHOCTM 1 TECTOBA BOJEHOT
NaBVIPVHTA 3a NPOLIEHY KpaTKopoyHor namherba.
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Pesyntatm EKkcnepumeHTanHu naLoBu Cy nokasanu mare
CMOHTaHe MOTOPUYKE aKTUBHOCTU Mpe anfnkalyje KeTammHa.
[oBehame TeXuHe je MoKa3aHO HaKOH amvKaLluje KeTaMmmnHa
Y KOHTPOJIHOj rpynu. Y eKCrneprMeHTasIHoj rpynu je nokasaH
rybutak TexunHe HakoH NapaAnrme CTpeca, a 3aTM je MoKasaHo
nosehame TeXMHE HAaKOH ananKauwje KetamuHa. Huje 6uno
CTaTUCTUYKE 3HAYAjHOCTN y Mepetby 6p3uHe y 0be rpyne, WTo
yKa3yje Aa Huje 6uno epekTa y KpaTKOPOUHOj MEMOPUjU.
3aksbyuak OBu Hanasm nokasyjy Aa jeAHOKPaTHO MpUMeHbeH
KeTaMUH y cybaHecTeTMYKOj 03U noceayje aHTuenpecBHe
N aHKCMONUTMYKe edeKTe KO NaLoBa MyXjaka N3NoXKeHUM
napagurmv XpPOHWYHOT HenmpeABUANBOT CTpeca.

KmbyuHe peun: Buctap nauos; napagurma XpoHUYHOT Hempea-
BUAMBOT CTPeCa; KeTaMUH; NOoHallake
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The importance of laparoscopic surgery for early
postoperative course in patients with colorectal
carcinoma
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'Zemun Clinical Hospital Center, Clinic for Surgery, Belgrade, Serbia;
2University of Belgrade, Faculty of Medicine, Belgrade, Serbia

SUMMARY

Introduction/Objective The aim of our study was to compare early postoperative recovery in

patients operated on using laparoscopically assisted and open method in colorectal carcinoma surgery.
Methods The study involved 60 patients, divided into two groups of 30 patients each, treated with open
or laparoscopically assisted colorectal surgery. Three groups of factors were collected and analyzed for
all the patients. The first group of factors were as follows: age, sex, the American Society of Anesthesi-
ologists score, preoperative hemoglobin, localization. The second group of factors were the following:
intraoperative complications, the duration of operations, blood and blood derivatives’ compensation.
The third group were as follows: complications, length of stay in intensive care, rate of peristaltic estab-
lishment, and the time needed for unobstructed oral intake, number of hospitalization days, analgesic
use, and verticalization time.

Results The patients who underwent laparoscopically assisted surgery showed significant advantages
in the early postoperative recovery compared with those who underwent open surgery, in terms of the
number of postoperative days of hospitalization (p < 0.001), the duration of the operation (p < 0.001),
the day of establishment of peristalsis (p = 0.009), and the day of establishment of unobstructed oral
intake (p < 0.001), the time of verticalization of the patients (p = 0.001), the use of analgesics (p < 0.001).
Conclusion Laparoscopically assisted surgery has an advantage over open surgery colorectal cancer, as
regards of early postoperative recovery of the patient.
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INTRODUCTION

Colorectal cancer is the third most common
cancer in men (746,000 patients per year, 10%
of total cancer patients) and the second most
prevalent cancer in women (614,000 patients
per year, 9.2% of total cancer patients). It is
represented in 8.5% of all patients with malig-
nant tumors in the world [1]. With continuous
improvement of modern medicine and technol-
ogy, the aims are set to faster recovery time, as
well as the reduction of postoperative morbid-
ity and mortality.

Laparoscopic colorectal surgery has been
routinely performed by the surgeons of the
Department for General Surgery, Zemun
Clinical Hospital Center since 2013. The aim
of our study was to compare early postoperative
recovery in patients treated with laparoscopi-
cally assisted and classical, open method in
colorectal cancer surgery.

METHODS

The study was performed as a clinical retro-
spective study. It included 60 patients who
underwent elective laparoscopically assisted

or open colorectal surgery at the Clinic for
Surgery, Zemun Clinical Hospital Center in
Belgrade from January 2013 to September
2016. The study involved 60 patients with ac-
ceptable general operability and diagnostically
verified malignant colorectal neoplasm. The
patients were divided into two groups, each of
30 patients: the first group was composed of
patients treated with open colorectal surgery;
the second group were patients undergoing
laparoscopically assisted colorectal surgery.
Three groups of factors were analyzed for all
patients. The first group of factors was known
preoperatively: age, sex, American Society of
Anesthesiologists (ASA) score, preoperative
values of hemoglobin, and localization. The
second group of factors was known intraop-
eratively: we analyzed the potential differences
of intraoperative complications, the duration
of operations, blood and blood derivatives’
compensation. The third group of factors were
known postoperatively: complications, length
of stay in intensive care, rate of peristaltic estab-
lishment and the time needed for unobstructed
oral intake, number of hospitalization days,
analgesic use, and verticalization time. The
criteria for patient involvement in the study
for both groups were as follows: patients with
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histopathologically diagnosed colorectal cancer, both sexes,
age over 18 years, acceptable general operability, written
consent for operative treatment.

Indications for surgical treatment were based on the
guidelines issued by the Society of American Gastrointesti-
nal and Endoscopic Surgeons [2]. Preoperatively, all the
patients were prepared in terms of complete diagnostics for
the diagnosis of colorectal malignancies. Colonoscopy was
performed with biopsy and pathohistological analysis of the
material, analysis of blood count and biochemistry, blood
group, followed by supplementary diagnostic methods in
the form of multi-slice computed tomography / magnetic
resonance imaging of the abdomen and the pelvis, X-ray
of the chest, due to preoperative determination of disease
stage. Immediately the day before surgery, the patients
discontinued oral administration, fluid reimbursement by
infusion was administered in the form of solutions 0.9%
NaClL, Ringer’s lactate solution, Hartmann’s solution, or
5% glucose solution. The patients were preoperatively ad-
ministered an antibiotic in the form of second- and third-
generation cephalosporins and metronidazole, as well as
mandatory thromboembolic prophylaxis. The patients were
operated on according to the regular operating program
— electively in general endotracheal anesthesia. The fol-
lowing details of the surgical procedure were recorded in
all the patients: duration of operation, amount of homolo-
gous blood transfused. Transfusion of blood products in the
perioperative period was based on the hemoglobin level of
80 g/L or on an individual basis according to the clinical
condition. All the patients were treated in accordance with
a strictly controlled protocol with regard to analgesic ad-
ministration, feeding, and postoperative care. Postoperative
recovery of the bowel function was evaluated by first flatus
and bowel movement. Postoperatively, the patients were
transferred to the intensive care unit and then transferred
to the Department of General Surgery as needed. Any anas-
tomotic dehiscence with clinical and/or radiologic evidence
was considered. The patients were discharged after meeting
the following conditions: bowel movement and full recov-
ery of both ambulation and oral food intake. Follow-up for
infectious and noninfectious complications was carried out
for 30 days after hospital discharge by weekly office visits.

The data required for this study were taken from the
protocol of surgical treatment, patient medical history,
therapy list of the patients, anesthesiology lists conduct-
ing surgical treatment and pathologist reports. All the data
was grouped into two tables, which were subsequently used
for statistical processing. The first table presented patients
operated on by open surgical technique, while the second
one showed patients operated on by a laparoscopically as-
sisted surgical technique.

Descriptive and analytical statistical methods were used
in this study. Of the descriptive ones used were the fol-
lowing: absolute and relative numbers (n, %), measures of
central tendency (arithmetic mean, median), dispersion
measures (standard deviation, interval of variation). Of
the analytical statistical methods, the difference tests were
used: parametric (t-test), non-parametric (x* test, Fisher’s
exact probability test, Mann-Whitney U-test).
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The choice of test depended on the data type and distri-
bution. Parametric methods were used in situations where
the distribution was normal, while non-parametric ones
were used in situations where the distribution is not nor-
mal. The normality of the distribution was examined on
the basis of descriptive parameters, normality distribution
tests (Kolmogorov-Smirnov and Shapiro-Wilk test) and
graphical methods (histogram, boxplot, QQ plot). The re-
sults are presented in tables and graphs. All the data were
processed in IBM SPSS Statistics for Windows, Version
20.0 (IBM Corp., Armonk, NY, USA).

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

RESULTS

The mean age of the patients was 67.5 years. The oldest
patient in both groups was 86 years old, while the youngest
one was 25 years old and underwent open surgery.

There was no statistically significant difference between
the groups (t = -0.697; p = 0.489).

In the laparoscopic group of patients, 14 men and
16 women were represented. In the open patient group,
19 men and 11 women were represented. There was no
statistically significant difference between the groups
(x* = 1.684; p = 0.194). The third group of the ASA score
patients was the highest in both groups, in as much as 68%.
There was no statistically significant difference between the
groups (Z = -1.695; p = 0.090). The mean hemoglobin in
both groups was 126. There was no statistically significant
difference between the groups (t = 0.050; p = 0.960). In the
laparoscopic group, the largest percentage of malignancy
was present in the region of sigmoid colon with 36.7%,
while in the open surgery group the largest percentage of
malignancy was in the area of the proximal third of the
rectum with 43.3%. In the laparoscopic group the rectum
was represented in 36%. All the patients had a diagnosed
colorectal adenocarcinoma.

In the intraoperative group of factors, there were no
significant intraoperative complications of the examined
patient groups such as abundant abdominal bleeding and
intraoperative lesions of the surrounding organs. The
average operative time in the open group was 120 min-
utes, while in the laparoscopic group it was 156 minutes.
The duration of the laparoscopic surgery is statistically
significantly longer than open surgery group (t = -4.783;
p <0.001) (Table 1).

In the open group, blood transfusion was administered
in nine patients. In the laparoscopic group, blood trans-
fusion was administered in 10 patients. Intraoperatively,
one dose of blood was administered in two patients in the
laparoscopic group, while in the open group two patients
were administered one dose of blood and one patient was
administered two doses of blood. Postoperatively, in the
laparoscopic group, four patients were administered one
dose of blood each, and three patients two doses of blood.
In the open group, two patients were administered a single
dose of blood, three patients two doses of blood. There was
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Table 1. Intraoperative factors in analyzed groups

Open Laparoscopic

Intraoperative factors group group p

(n=30) (n=30)
Operative time (minutes) 120 156 <0.001
Complications
Organ injury / / /
Massive hemorrhage
Blood transfusion
one dose 2 2 0.781
two doses 1

Table 2. Postoperative complications in analyzed groups

Complications Orgin Lapa:zzcoplc
postoperative (g _ 38) (g _ 38) P
Lethal outcome 1 2

Anastomotic dehisces 3 2
Intraabdominal hemorrhage 0 2
Subcutaneous emphysema 0 1

Wound infection 1 0 1.000
Necrotizing fasciitis 0 1

Clostridium difficult-colitis 1 0

Urinary retention 2 1

Table 3. Postoperative factors in analyzed groups

Open Laparoscopic

Postoperative factors group group p

(n=30) (n=30)
ICU stay (days) 1.93 1.77 0.143
Peristalsis (days) 247 1.9 0.009
Oral intake (days) 3 2 < 0.001
Blood transfusion
one dose 4 2 0.781
two doses 3 3
Hospitalization (days) 9 5 < 0.001
Analgesics
First degree 20 12 <0.001
Second degree 2.72 <1 <0.001
Verticalization (days) 2.9 1.9 0.001

no statistically significant difference (x> = 0.077; p = 0.781)
(Table 2).

In the second group of factors, by analyzing postopera-
tive complications in the two observed groups, there were
no statistically significant differences between the groups
(x* = 0; p = 1.000). There were two lethal outcomes in
the laparoscopic group and one in the open group. Two
patients in the laparoscopic group and three patients in
the open group had anastomosis dehiscence (x*> = 0.218;
p = 1.000). In the laparoscopic group of patients, both de-
hiscences were treated by reoperation. One dehiscence in
patients of the laparoscopic group was due to increased
bleeding from stapler anastomosis. In the open group, two
dehiscences were treated by reoperation, while one was
treated conservatively. Postoperative intraabdominal hem-
orrhage was verified in the laparoscopic group of patients.
In one case it was treated conservatively, while in another it
was treated by reoperation. In the laparoscopic group, sub-
cutaneous emphysema was verified in one patient and was
spontaneously resolved. In the open group one patient had
wound infection, there was one dehiscence of the wound,
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which were treated with suture. In the laparoscopic group
of patients, a complication of necrotizing fasciitis was veri-
tied, which led to a lethal outcome. Clostridial intestinal
infection in the form of pseudomembranous colitis was
verified in one patient in the open group.

Two urinary retention rates were verified in the open
and one in the laparoscopic group of patients (Table 3).

There was no statistically significant difference be-
tween the groups in length of stay in the intensive care
unit (Z = -1.466; p = 0.143). There was, however, a statisti-
cally not significant difference: patients in the laparoscopic
group averaged 1.77 days in the intensive care unit, while
the patients of the open group averaged 1.93 days. A statis-
tically significant (Z = -2.630; p = 0.009) earlier establish-
ment of peristalsis was in a group of patients operated on
laparoscopically. Peristalsis was established in 1.93 days
on average in the laparoscopic group, while in the open
group the average value was 2.47 days. There was a statisti-
cally significant difference in the rate of establishing un-
disturbed oral intake (Z = - 4.399; p < 0.001) - the average
for the laparoscopic group was the second postoperative
day, while for the open group it was the third postoperative
day. In the laparoscopic group, an unhindered oral intake
was established in seven patients on the first postoperative
day, while in the open group of patients unhindered oral
intake was not established before the second postoperative
day. On average, the patients of both groups passed stool
after the fourth postoperative day (Z = -0.811; p = 0.418).
Postoperatively, the patients of the laparoscopic group were
hospitalized for a statistically significantly (Z = -4.607;
p < 0.001) shorter length of time (five days on average) in
comparison to the patients of the open group (nine days
on average).

The average number of doses of the first-degree an-
algesics administered to the patients of the laparoscopic
group was12, while averagely 20 doses were administered
to the patients undergoing open surgery. Less than one
dose of the second-degree analgesics was administered in
the laparoscopic group of patients, and an average of 2.72
analgesics were administered in the open group. Analgesics
of the first (Z = -3.896; p < 0.001) and the second degree
(Z =-2.303; p = 0.021) were statistically significantly less
ordained in the laparoscopic group of patients than in the
open group of patients. We found a statistically significant
difference (Z = -3.341; p = 0.001) per patient verticalization
day. Patients of the laparoscopic group were verticalized
one day earlier on average than those of the open group. In
the laparoscopic group, the patients were verticalized after
2.9 days on average, whereas in the open group this took
place after 3.9 days on average. The earliest verticalization
in the patients of the laparoscopic group was on the first
postoperative day, while in the open group it was on the
second postoperative day.

DISCUSSION

Following the introduction of laparoscopic cholecystecto-
my and its success in the treatment of gallbladder disease,
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laparoscopic surgery began to be applied in other fields as
well. Open colorectal cancer surgery has been considered
the gold standard for surgical treatment of this disease for
decades. With the advancement of technology and mod-
ern medicine, minimally invasive surgery is becoming the
next step in the treatment of this disease. With the advent
of laparoscopic procedures in the treatment of colorectal
cancer, numerous papers on this topic have been published.
They have showed an improvement in the quality of op-
erative technique, and especially an advantage in the early
postoperative recovery after this type of operative treat-
ment [3, 4, 5]. At the very beginning, laparoscopically as-
sisted colorectal surgery appeared promising and studies
were done that confirmed that this type of surgery was less
traumatic than open surgery. Leung et al. [6] in their study
examined the systemic response of cytokines after laparo-
scopically assisted and classic resections of rectosigmoid
carcinoma in 34 patients. Their results showed that trauma
of the tissue, which is reflected in the cytokine response, is
smaller after laparoscopic surgery. Theoretical advantage of
colorectal cancer laparoscopic surgery over classic surgery
is less painful operative wounds, and therefore less use of
analgesics, earlier recovery of both bowel function and oral
feeding, lower percentage infections of the surgical wounds,
faster mobilization and shorter hospitalization of patients.
Numerous studies have been done and some are ongoing,
examining whether laparoscopic surgery has surpassed open
surgery and whether it is able to fulfil adequately oncologi-
cal radicality, which is of paramount importance [6, 7, 8].
In this study, the objective benefit of early postopera-
tive recovery was evaluated in patients treated with lapa-
roscopic surgery compared to those treated with classical
colorectal surgery. We compared preoperative parameters
between these two groups of patients, to show homogene-
ity in patient choice for both procedures. The mean age of
the patients was 67.5 years. Regarding some studies that
dealt with comparison of laparoscopic and open colorectal
surgery, we can see benefits in patients over 70 years old
treated with laparoscopic surgery, which shows a lower rate
of postoperative mortality and morbidity. For elderly pa-
tients, of great importance is early mobilization, which is
faster established in patients operated on by laparoscopic
surgery [9, 10]. In several studies that analyzed risk factors
for laparoscopic conversion colorectal surgery, one of the
factors that proved statistically significant was obese male
sex [11, 12]. The third group of ASA patients had the high-
est prevalence in both groups, in as much as 68%. A multi-
center randomized Medical Research Council Conventional
versus Laparoscopic-Assisted Surgery in Colorectal Cancer
study concluded that the risk of conversion laparoscopic
colorectal to open surgery rises in patients with ASA score
of over 3 [13]. The ASA score is also an elevated indepen-
dent predictor of postoperative mortality and morbidity
[14]. Preoperative anemia is associated with poorer cancer
response to therapy, poorer locoregional disease control,
and overall shorter patient survival [14, 15]. The intraop-
erative and postoperative parameters that we compared
showed a number of similarities with world studies done
on this topic. In this study, there is a statistically significant
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difference in the operating time. The shorter operating time
was in open surgery. We find similar data in a number of
randomized studies, but conclusion of these studies is that
laparoscopic colectomies are associated with improved out-
comes compared with open operations that do not exceed
an operative time of six hours. [16, 17]. The average operat-
ing time in the open group was 120 minutes, while it was
156 minutes in the laparoscopic group. We did not find
significant difference between the duration of laparoscopic
surgery when comparing our study to others. Nelson et al.
[17] in their study involving 435 laparoscopic colorectal
operations had an average operating time of 150 minutes.
However, numerous studies indicate that continuous train-
ing of teams which are dealing with laparoscopic colorectal
surgery, after multiple operations, reduces the duration of
the operation [18, 19]. Hence, we can expect these two types
of surgical treatment’s duration to approximately equalize.
In terms of reimbursement of blood and blood derivatives,
we compared intraoperative and postoperative administra-
tions of these products. The result of our research is that
we did not obtain statistically significant difference in the
ratio of the study groups. Our results coincide with a large
meta-analysis by Japanese authors, who compared 12 pa-
pers — randomized studies — by comparing laparoscopic and
classic colorectal surgery 1990-2011. This study included
4458 patients, which also showed no statistically signifi-
cant difference in the reimbursement of blood transfusion
[20]. It is considered that the advantage of laparoscopic
surgery is the optical magnification of the operative fields,
making the operational field, substrate, and surrounding
structures more transparent. This fact should be in favor
of lower intraoperative blood loss, and therefore reduced
intraoperative and postoperative blood supply, which is
confirmed by some papers [21]. Regarding intraoperative
and postoperative complication, there was no statistical
difference. This result show that laparoscopic colorectal
surgery is as safe as open surgery. There is a difference, not
statistically significant, in stay in the intensive care unit.
Patients in the laparoscopic group spent 1.77 days in the
intensive care unit, while patients in the open group spent
1.93 days there. A statistically significant difference was
verified regarding the number of postoperative days hospi-
talized. We can agree with most studies that speak in favor
of shorter postoperative hospitalization in patients operated
on using laparoscopic surgery [22, 23]. The mean length
of hospital stay in the laparoscopic group was five days.
Similar results are shown in the study conducted by Lacy et
al. [24], where average hospital stay was 5.2 days. Compared
to some other randomized studies, our study differs from
the study by Braga et al. [25], according to which the mean
length of hospital stay was seven days for colon and 10 days
for rectum, and from the COLOR study, where patients
were averagely hospitalized 8.2 days [23]. By comparing the
recovery of the bowel function and the recovery of oral food
intake we found a statistically significant difference between
the two groups, as some of the advantages of laparoscopic
surgery are precisely in these two categories. Peristalsis was
established in the laparoscopic group after 1.93 days, while
in the open group it was established after 2.47 days. In a

www.srpskiarhiv.rs ‘

675



676

study by Koh et al. [26], the recovery of the bowel function
in the laparoscopic group is after 2.57 days. The COLOR
II study has a slightly different results, with 1103 patients
operated on laparoscopically, recovery of the bowel func-
tion was on the second day [27]. In our study, unobstructed
oral intake was established on the second postoperative day
on average in the laparoscopic group, while in the open
group it was established on the third postoperative day. In
the laparoscopic group, recovery of oral food intake on the
first postoperative day was established in seven patients,
while in the open group it was not established before the
second postoperative day. The time of recovery of oral food
intake in the study by Lacy et al. [24] was established on
the second day, while it was almost on the third day in the
COLOR study [23]. In the laparoscopic group, the patients
were verticalized on average after 2.9 days, while in the
open group this averaged 3.9 days. Most studies that com-
pare laparoscopically assisted and classic colorectal cancer
surgery support our results [23, 25, 26, 27]. As most other
studies, we tried to express the degree of pain in patients
through dose quantity of an administered analgesic. Pain
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management after colorectal surgery varies widely and
predicts significant differences in patient-reported pain
and clinical outcomes. Enhanced postoperative pain man-
agement requires dissemination of multimodal analgesia
practices [28]. In our study, the analgesics we used were di-
vided into the following two groups: first-degree analgesics
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gesics (tramadol). Studies showed a statistically significant
difference in the administration of second-degree analgesics
in terms of less administration of the analgesics in laparo-
scopic colorectal surgery.

CONCLUSION

Laparoscopically assisted surgery has an advantage over
classical surgery colorectal cancer in regard to early post-
operative recovery of the patient.
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3Hauaj 1anapoCKOMNCKe XMpypruje 3a paHu noctonepaTMBHU TOK 60/1€CHMKa ca

KOJ1I0PEKTa/IHUM KapuUuHOMOM

[ejan CresaHoBuh'?, Anekcangap Jlasuh'? Hebojwa Mutposuh'?, Jamnp Jawaposuh'? Cphan Mununa', Qumutpuje Cypna’,

AnekcaHpgap VBkoBuh', Bpanko Jlykuh', Iparow CrojaHosuh'>

'KnuHnyko-6onHnukn LeHTap 3emyH, KnuHuka 3a xupyprujy, beorpag, Cpbuja;

2YHneep3uTet y beorpaay, MegnunHcku pakyntert, beorpag, Cpbuja

CAXETAK

YBoa/Unsmb Linb Hawe cTyavje 6o je nopehere paHor nocTo-
nepaTUBHOI OMOPaBKa Kof 6onecHrKa oneprcaHyix lanapo-
CKOMCKW acUCTVPAHOM 1 OTBOPEHOM METOLOM KOA npeonepa-
TUBHO XMCTOMATOMOLLKN ANjarHOCTUKOBAHOT KOMOPEKTaNHOr
KapumHoma.

Mertope Y nctpaxuBarby je yuectBoBano 60 6onecHrKa ca Ko-
NOPEKTaNHNM KapLMHOMOM, KOju Cy NOAeSbeH Y iBe rpyne
of] 30 601eCHUKa JIEYEHMX OTBOPEHUM WMV NIaNapPOCKOMCKNM
nyTem. Tpu rpyne ¢akTopa Cy NpuKyn/beHe 1 aHanv3mpaHe 3a
cBe 6onecHuke. MpBa rpyna gakTopa 6unm cy ctapocT, non,
ASA oueHa, NpeonepaTtrBHU XeMOr100UH, ToKanu3sauuja Ty-
Mopa. [lpyra rpyna napameTtapa Cy MHTpaonepaTvBHe KOM-
navKaunje, Tpajare onepauuje, HAAOKHAAA KPBU N KPBHUX
ZepviBarta. Tpeha rpyna napameTapa 6mnu cy noctonepaTtriBHe
KomnnvKaumje, Ay>KrHa 6opaBKka Ha UHTEH3UBHOj He3W, BpeMe
OTMNoYVHbaka NepuCTanTNKe N NEPOPaNHOT YHOCA, AYKNHA
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XocnuTanusaumje, ynotpeba aHanreTvika v Bpeme BepTrKa-
nusauuje.

Pesyntatu BonecHuum Koju cy 61y NoABPrHYTY lanapocKon-
CKVM onepavujama nokasanm cy 3HayajHe NpeaHOCTM Y paHOM
NOCTONePaTYBHOM OMOPaBKY Y nopehetsy ¢ OHUMa Koju Cy buni
NOABPrHYTV OTBOPEHOj onepauwju, y norneay 6poja nocrore-
paTMBHMX faHa xocnuTanusauuje (p < 0,001), Tpajara onepa-
umje (p < 0,001), faHa ycnocTtaBsbarba nepuctantyke (p = 0,009)
1 AaHa ycnocTaB/batba HeCMeTaHOr OpasiHor yHoca (p < 0,001),
Bpeme BepTuKauuje 6onecHuka (p = 0,001) n ynotpebe aHan-
retuka (p < 0,001).

3aKs/byuyak Ha ocHOBY HalLVX pe3ynTaTa MOXe Ce 3aK/byunTun
[a NanapocKomncKa Xxmpyprija KapyuHomMa KonopekTyma nma
NpefHOCT Y 0fHOCY Ha OTBOPEHY OMepaTVBHN MPUCTYT, LUTO ce
TWYe paHOr NOCTONepPaTVBHOr OMopaBKa bonecHuKa.
KmbyuHe peun: nanapockoncka KonopekTtanHa Xupypruja; ot-
BOpEHa KONopeKTanHa XMpypruja; KonopeKTaaH! KapLMHOM
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SUMMARY

Introduction/Objective Even with the current treatment, mortality from aortic dissection remains high.
The study aimed to evaluate the early postoperative outcome of patients with aortic dissection and
identify which factors could influence it.

Methods The study included all consecutive patients who underwent surgery for acute aortic dissection
type A from 2012 to 2017. We registered all parameters that could potentially impact the outcome (general
data, medical history, clinical and cardiological diagnostic test findings, preoperative complications, type
of cannulation and the operation performed, additional surgical procedures, operation duration, etc.).
The patients were surgically treated according to the current protocols. The main outcome measures
were complications and mortality during a one-month postoperative period. All data collected pre-,
intra-, and postoperatively were compared and statistically analyzed.

Results The study included 246 patients, 57.54 + 12.88 years old on average, and mostly of male sex
(74%). Early postoperative mortality occurred in 17% of the patients. Preoperative chronic kidney insuf-
ficiency (p = 0.005) and cerebrovascular insult (p = 0.047) and tamponade (p = 0.036) were the major
risk factors for postoperative complications and mortality. Long hypothermic cardiac arrest (p = 0.001),
cross-clamp (p = 0.017) and cardiopulmonary bypass time (p = 0.036) increased postoperative compli-
cations. Postoperative complications started occurring after > 33.5 minutes hypothermic cardiac arrest
and > 67.5 minutes cross-clamp time. Postoperative complications occurrence increased (p = 0.034),
while performing anterograde cerebral perfusion decreased the frequency of lethal outcome (p = 0.001).
Conclusion The majority of patients surgically treated for acute aortic dissection had good postopera-
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tive outcome. However, numerous pre-, intra-, and postoperative factors can impact patient survival.
Keywords: acute aortic dissection type A; surgery; outcome; risk factors

INTRODUCTION

Aortic dissection (AD) occurs as a result of di-
rect mechanical force acting on the aortic wall
(hypertension, hypervolemia, loss of laminar
blood flow through the aorta) and damage to
the aortic wall (connective tissue disorders,
atherosclerotic changes) [1]. The worldwide
incidence of acute AD ranges 5-30 per mil-
lion people [2, 3].

The survival and treatment outcomes of
patients with acute AD type A have been con-
tinuously improving over the last decade [4].
However, even with the current treatment, due
to potentially devastating complications, mor-
tality from acute AD type A remains high. The
most important and life-threatening complica-
tions of acute AD type A include lethal malp-
erfusion syndrome, cardiac failure (myocardial
infarction or cardiac tamponade) and stroke [5].

Numerous factors can impact the outcome
of patients with surgically treated acute AD [1].
Some studies showed that the early survival
of patients is affected by preoperative condi-
tions like previous aortic valve replacement,

migrating chest pain, limb ischemia, hy-
potension, shock, and cardiac tamponade.
Additionally, long-term survival is influenced
by preoperative renal function impairment,
reduced left ventricular ejection fraction, and
advanced age [5, 6].

The study goal was to investigate early post-
operative outcome of patients with acute AD
type A, treated surgically in our referral cardiac
surgery center. Moreover, we aimed to identify
which factors, in terms of the patients’ preop-
erative characteristics, intraoperative surgical
parameters, and postoperative complications
could influence patient outcome.

METHODS

The study included all consecutive patients
who underwent surgery for acute AD type A
at the Cardiac Surgery Department, Dedinje
Cardiovascular Institute in Belgrade, from
January 1, 2012 to December 31, 2017. We
considered all parameters that could potentially
impact the acute AD type A patients’ outcome.
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The main/primary tested effect was lethal outcome and the
secondary indicator of the patients’ condition were compli-
cations in the early postoperative period (30 days). Thus,
we tested both which pre- and intraoperative parameters
can cause postoperative complications, and how they all
together impact patient survival. The study was approved
by the institutional review board. All the patients signed
informed consent for procedures and the study.

Preoperatively, general data (age, sex, smoking status)
and medical history were taken. We registered whether
investigated patients had chronic illnesses and preopera-
tive complications such as arterial hypertension (pressure
> 140/90 mmHg), hyperlipoproteinemia (total cholesterol
> 4.5 mmol/L and low-density lipoprotein-cholesterol
> 2.5 mmol/L), cerebrovascular insult (CVI) previously or
currently (ischemic stroke; transient ischemic attacks), pe-
riphery vascular disease (atherosclerosis except in the aor-
ta), chronic kidney insufficiency (albuminuria > 30 mg/g;
blood creatinine > 133 umol/L; glomerular filtration rate
< 60 ml/min/1.73 m?), heart tamponade, coronary illness
(angina pectoris followed by acute coronary syndrome,
i.e. myocardial infarction and unstable angina), and other
minor cardiological symptoms/complications (fatigue,
shortness of breath, heart palpitations, chest pain, cold
extremities) [5].

Upon admission for surgery, the patients underwent
a clinical and cardiology examination by transthoracic
echocardiography and multislice computed tomography
(MSCT) for visualization of the dissection localization
and measurement of the diameters of the ascending, de-
scending, and abdominal aorta. Only acute dissections of
the type A (Stanford classification) were included in the
study. Dissections were further divided into type I and I
according to the DeBakey classification system. Finally,
the EuroSCORE (www.euroscore.org) was determined
for every patient.

The patients were surgically treated according to the
current protocols for their condition (Bentall procedure;
Interposition tube graft and resuspension of the aortic
valve; Tirone David procedure; Hemiarch replacement
and Arch replacement). The choice of operative technique
for aortic reconstruction depended on the location of the
primary endothelial tear [5]. In all cases, the open distal
technique was performed in hypothermic cardiac arrest.
Moreover, the primary entry resection was located and
resected for all the patients. We registered the type of can-
nulation and the operation performed. It was also noted
if anterograde cerebral perfusion, aortocoronary bypass
and intervention on the mitral valve were performed.
Moreover, we measured the deep hypothermic cardiac
arrest time (DHCA) / hypothermic cardiac arrest time,
cross-clamp time, and cardiopulmonary bypass (CPB)
duration. The minimum DHCA temperature was 18°C.

Postoperatively, the patients were followed up for one
month. During that period, all complications were reg-
istered, such as acute myocardial infarction, CVI, spinal
cord injury, paralysis, kidney insufficiency, pneumonia,
other minor complications (prolonged intensive care; the
need for intubation; revision of hemostasis; uncomplicated
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urinary infection; uncomplicated wound infection) and/
or lethal outcome.

Statistical analysis

All data collected pre-, intra-, and postoperatively were
compared and statistically analyzed. The sample was por-
trayed by descriptive statistics (mean, standard deviation,
frequency and percent). The Kruskal-Wallis x* test was
used to assess the differences in investigated parameters
regarding postoperative outcomes. Receiver operating
characteristics (ROC) analysis was used to find the cut-
off operative time after which postoperative complications
developed more often. Finally, we applied binary logistic
regression to evaluate potential predictors of postoperative
outcome in patients with acute AD type A. All investigated
parameters were divided into two groups (preoperative
and intra/postoperative) and in that manner used as de-
pendent variables. We used IBM SPSS Statistics, Version
20.0 (IBM Corp., Armonk, NY, USA) and 0.05 was the
significance level.

RESULTS

The study included 246 acute AD type A patients who
were on average 57.54 + 12.88 years old and were more
often male (p = 0.001). There were no significant differ-
ences between the patients regarding their smoking status
(p = 0.610). The most common operation performed in
these patients was graft interposition. The longest CPB
time was 3.4 hours. At least one preoperative chronic ill-
ness/complication was registered in 84.55% of patients
(p = 0.001). Postoperative complications were also rather
frequent (44.7%), but this finding was not significant
(p = 0.097). Moreover, in the overall sample, the outcome
was good for the majority of patients (80.9%; p = 0.001).

Data collected pre- and intraoperatively and the postop-
erative outcomes of the patients are presented in Tables 1,
2, and 3. The differences in general, pre-, and intraopera-
tive data regarding postoperative outcomes are presented
in Tables 4 and 5.

Out of all preoperative parameters only having chronic
kidney insufficiency and tamponade on admission posi-
tively correlated with both early postoperative complica-
tions and lethal outcome. In addition, having CVI on ad-
mission was associated with postoperative complications,
while more preoperative complications assessed together
increased mortality in the early postoperative period of
patients with acute AD type A.

Performing anterograde cerebral perfusion decreased
the frequency of lethal outcome, while performing axil-
lar cannulation and having early postoperative complica-
tions were associated with higher mortality. If duration
of DHCA, cross-clamp time, and CPB time were longer,
the patients had more early postoperative complications.

When we applied binary regression to investigate the
association of the tested pre- and intraoperative parameters
with lethal outcome in patients with acute AD type A, one
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Table 1. Descriptive data of the investigated patients with acute aortic dissection

Nesi¢ I. et al.

ROC analysis showed that DHCA

Parameters Minimum | Maximum | Mean | SD time adequately explained 63.5%
Patients’age 16 86 57.54 | 12.88 (p=0.001), CPB time 57.6% (p = 0.052),
Ejection fraction 25 65 54.56 | 7.87 and cross-clamp time envisaged 59.6%
Ascending aorta diameter — millimeters 30 90 53.65 | 9.69 (p = 0.014) of postoperative compli-
Descending aorta diameter — millimeters 0 55 3245 | 7.81 cations’ development (Figure 1). The
Abdominal aorta diameter — millimeters 2 61 2516 | 11.99 cut-off for DHCA duration was 33.5
EuroSCORE 2 1845 | 769 | 375 minutes (sensitivity = 65.3; specific-
EuroSCORE 2 0.24 65.47 8.52 8.37 ity = 60.2), while it was 67.5 minutes
EuroSCORE Log 1.2 3847 | 1365 | 886 for cross-clamp time (sensitivity = 60.2;
Deep hypothermic cardiac arrest time — minutes 13 52 31.56 | 11.86 specificity = 59.3).

Cross-clamp time minutes 53 192 6443 | 7.52

Cardiopulmonary bypass duration — minutes 106 212 139.74 | 69.62

significant model was obtained. Early postoperative mor-
tality could be predicted using intraoperative (B = -1.450;
Wald = 71.495; OR = 0.235; R? Nagelkerke = 0.191;
p = 0.001; classification = 80.53%), but not preoperative
parameters (p = 0.096). Lethal outcome can be expected
more often in patients with more postoperative compli-
cations and when patients spent more time on the cross-
clamp (Table 6).

Table 2. General and preoperative acute aortic dissection patient data

DISCUSSION

AD of the aorta is an urgent surgical condition with high
mortality due to the disease severity and the treatment
complexity. Literature data show that as many as 50% of
untreated patients with acute AD will die within the first 48
hours [2, 7]. Conversely, improvements in intraoperative
management such as novel surgical techniques and post-
surgical critical care have recently significantly improved
the outcome for acute AD patients [4]. Nevertheless, even
if patients are adequately surgically treated, in cases of se-
vere acute AD type A, the mortality is around 25% [3, 8].
In our sample, early postoperative mortality was 16.9%,

DOI: https://doi.org/10.2298/SARH210425072N

9 L. . L. .
CEEEEE GESIoency] I which is rather high, but similar to other populations
. male 182 74
Patients’ sex
female 64 26
. not smokers 127 51.6 Table 3. Intraoperative parameters and postoperative complications
Smoking status
smokers 119 48.4 Parameters Frequency | %
one 213 86.6 i
Dissection type apical 129 224
two 33 134 Cannulation type femoral 41 16.7
no 227 92.3 axillar 76 30.9
Marfan syndrome
yes 19 7.7 ] no 124 50.4
Cerebral perfusion
. no 75 305 antegrade 122 49.6
Hypertension
yes 171 69.5 graft interposition 132 53.7
) o no 205 83.3 Bentall 55 224
Hyperlipoproteinemia
yes 41 16.7 Overation t David 4 1.6
eration type
Cerebrovascular insult before | no 229 93.1 P P hemiarch 4 1.6
operation yes 17 6.9 graft + hemiarch 38 154
. . no 226 91.9 Bentall + hemiarch 13 53
Periphery vascular disease
yes 20 8.1 . i no 231 93.9
Intervention on mitral valve
o o no 237 2.3 yes 15 6.1
Chronic kidney insufficiency
yes 9 37 no 204 | 829
Aortocoronary bypass
Coronary illness before no 213 86.6 yes 42 17.1
operation yes 33 13.4 Postoperative myocardial | N0 241 98
no 183 74.4 infarction yes 5 2
Tamponade on admission yes 63 25.6 Cerebrovascular insult no 214 87
postoperatively es 32 13
Cerebrovascular insult on no 226 91.9 |)'l10 243 988
admission yes 20 8.1 Postoperative paralysis 3 ] 2
es .
no 124 50.4 Y
Type 1/2 aortic regurgitation Postoperative kidney no 217 88.2
yes 122 49.6 insufficiency yes 29 1.8
Type 3/4 aortic regurgitation Other postoperative :
yes 71 28.9 complications yes 84 34.1
Other symptoms and no 213 86.6 Had early postoperative | nO 136 553
complications yes 33 13.4 complications yes 110 447
Had some preoperative no 38 154 Lethal outcome no 199 80.9
complications yes 208 84.6 (30-day mortality) yes 47 19.1
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Figure 1. Receiver operating characteristics curve for postoperative
complications based on operative times;

CPB - cardiopulmonary bypass; DHCA - deep hypothermic cardiac
arrest time

from the literature. A potential cause for the high mor-
tality could be the fact that a high percentage of patients
were rather metabolically unstable preoperatively. Some
data showed that higher admission creatinine value and
C-reactive protein serum levels increase mortality of pa-
tients with acute AD [9].

The most common causes of death in acute AD type A
(80%) are rupture of the aorta in pericardium with conse-
quent tamponade (or tamponade without visible rupture
of the aorta) and myocardial ischemia [10]. Tamponade
occurs in 8-10% of cases and is one of the gravest com-
plications and the worst prognostic signs [11, 12]. In our
study, tamponade was registered in a somewhat higher
percentage (16.4%), most likely due to the prolonged time
from dissection onset to hospitalization. We confirmed
that having tamponade on admission was associated with
adverse outcome of patients with acute AD type A.

Aortic insufficiency is also one of the preoperative
complications of acute AD type A correlated with poorer
overall outcome [13]. In the literature, the incidence of
aortic valvular insufficiency ranges 41-76% of cases [11].
In our sample, this percentage is slightly lower (31%) as
we only investigated significant aortic insufficiency which
required surgical treatment. We also did not prove that
having significant aortic insufficiency preoperatively could
increase adverse postoperative outcomes in patients with
acute AD type A.

In some investigations, nearly 80% of patients with
acute AD had ischemic lesions on MSCT. If neurological
disorders are found preoperatively, adverse postoperative
outcomes seem to occur more often [4, 14]. Mortality of
acute AD type A patients with neurological complications
reaches 50% in case of further intra- and postoperative
complications. Still, patients with neurological deficits,
with a favorable early postoperative course, usually recover
fully [15]. In our study, preoperative neurological compli-
cations were not very frequent (around 7%), but having
CVI on admission was associated with more postoperative
complications.

Pre- and postoperative renal complications are risk fac-
tors for increased mortality in patients with acute AD type
A [16]. The association between renal disease and worse
cardiac surgery outcomes has multiple explanations [17].
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Table 4. Differences in preoperative parameters regarding postopera-
tive outcomes

Early Early
postoperative | postoperative
Parameters lethal outcome | complications
(yes/no) (yes/no)
KWx* | p |[KWx*| p

Dissection type 0.648 | 0.421 | 1.071 | 0.301
Marfan syndrome 0.146 | 0.702 | 1.441 | 0.230
Hypertension 0.882 | 0.348 | 0.927 | 0.336
Hyperlipoproteinemia 1514 | 0.219 | 2.214 | 0.137
Cerebrovascular insult before 1.250 | 0.264 | 0.498 | 0.480
Periphery vascular disease 0.236 | 0.627 | 0.928 | 0.335
Chronic kidney insufficiency 7.998 | 0.005 | 4.114 | 0.043
gg;‘?;;?;"'"e“ before 0.021 | 0.885 | 0.008 | 0.927
Ejection fraction 1.783 | 0.182 | 0.301 | 0.583
Ascending aorta diameter mm 0.019 | 0.892 | 0.453 | 0.501
Descending aorta diameter mm | 0.965 | 0.326 | 0.409 | 0.522
Abdominal aorta diameter mm | 0.002 | 0.963 | 0.321 | 0.571
Tamponade on admission 4487 | 0.036 | 2.921 | 0.087
gg:ﬁig‘i’c‘)’i“”'ar insulton 0.487 | 0.485 | 3.906 | 0.047
Type 1/2 aortic regurgitation 1428 | 0.232 | 0.827 | 0.363
Type 3/4 aortic regurgitation 0.041 | 0.840 | 0.045 | 0.833
Coot;e;“pc ;et‘i’cf’:;fg,‘r’sptoms 1.198 | 0274 | 0218 | 0.640
?;ﬂ;‘l’igfig;‘i"perat"’e 4607 | 0034 | 0.123 | 0725
EuroSCORE 0.824 | 0.364 | 3.143 | 0.076
EuroSCORE 2 0.156 | 0.693 | 0.842 | 0.359
EuroSCORE Log 0.053 | 0.818 | 0.515 | 0.473

Table 5. Differences in general and intraoperative data regarding
postoperative outcomes

Early Early
postoperative | postoperative
Parameters lethal outcome | complications
(yes/no) (yes/no)
KWx* | p |[KWx*| p

Patients’age 1.248 | 0.264 | 0.001 | 0.971
Patients’ sex 2432 | 0.119 | 0.223 | 0.637
Smoking status 3451 | 0.063 | 2.530 | 0.112
Cannulation type 12.981| 0.001 | 1.714 | 0.190
Anterograde cerebral perfusion | 11.977 | 0.001 | 0.392 | 0.531
Operation type 0.316 | 0.574 | 0.882 | 0.348
Intervention on mitral valve 0.588 | 0.443 | 0.143 | 0.705
Aortocoronary bypass 0.001 | 0.992 | 0.570 | 0.450
I?eep h){pothermlc cardiac arrest 0002 | 0.964 | 11815 | 0.001
time (minutes)
Cross-clamp time (minutes) 0.131 | 0.717 | 5.690 | 0.017
Cardiopulmonary bypass 0956 | 0328 | 4.439 | 0.036
duration (minutes)
Had ea?rly postoperatlve 8552 | 0.003 / /
complications

Patients with kidney disease may have more extensive cor-
onary disease preoperatively, along with other comorbidi-
ties. In addition, impaired renal function can be a direct
risk factor for intra- and postoperative complications, due
to the need for greater fluid infusions or blood transfusions
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Table 6. Significant model for prediction of acute aortic dissection op-
erative outcome

Parameters B Standard Wald P OR
error
Cannulation type -0.014| 0.007 | 3.823 | 0.051 | 0.986
Arrest Time -0.007 | 0.009 | 0.608 | 0.435 | 0.993
< Anterograde perfusion | 0.675 | 0.447 | 2.277 | 0.131 | 1.964
8 | CPB duration 0.005| 0.003 | 2.599 |0.107 | 1.005
E Cross clamp-time 0.541| 0239 | 5.111 [0.024| 1.718
% Operation type 0.095 | 0.107 0.799 | 0.371 | 1.100
2 Aortocoronary bypass | 0.060 | 0.531 0.013 | 0.910 | 1.062
© Intervention on MV 0.892 | 0.765 1.359 | 0.244 | 2.439
Postop. complications | 1.469 | 0.417 |12.428|0.001 | 4.343
Constant -3.373| 0.708 |22.668 | 0.001 | 0.034

[16, 17, 18]. Having chronic kidney insufficiency on admis-
sion in our study was associated with both early postopera-
tive complications and lethal outcome.

The incidence of acute AD type A correlates with age
and it mostly occurs in the sixth decade of life. Men are at
higher risk of developing acute AD type A than women.
However, women tend to present at an older age, with
more advanced dissection, and more complications, and
therefore have a higher early mortality rate [1, 5, 6]. In our
study, the majority of patients were also males around the
age of 57 years, but neither sex nor age were significantly
associated with early morbidity or mortality.

Hypertension is considered to be the most important
risk factor for acute AD and is present in about 80% of
acute AD type A patients [1, 5, 6]. Patients with hyper-
tensive disorders lasting five or more years before the oc-
currence of acute AD type A have adverse outcomes more
often than normotensive patients. Smoking is another risk
factor for developing AD [12, 19]. However, we did not
confirm that smoking impacted the early postoperative
outcome of patients with acute AD type A.

Some investigations found that the rate of acute AD
type A progressively rises along with the increase in aor-
tic diameter. Aortic complications mostly start develop-
ing once the aortic diameter reaches 60 mm [2, 10]. In
our sample, the average diameter of the ascending aorta
was 53.65 mm, while that of the descending aorta was
32.45 mm. However, the aortic diameter was not associ-
ated with postoperative outcome.

Based on our results, no other preoperative patient
characteristics and comorbidities were found affect the
postoperative outcome of patients with acute AD type A.
However, having more preoperative complications simul-
taneously did increase the rate of lethal outcome in the
early postoperative period. One unexpected result was
the fact that the EuroSCORE was not a significant predic-
tor of outcome in our study. A possible explanation could
be that our patients had few preoperative comorbidities
that are assessed by EuroSCORE. Therefore, the average
EuroSCORE was rather low in our study and consequently
not sufficiently reliable for prediction. It seems that some
other, not scored parameters and patient characteristics
(perhaps biochemical and metabolic aspects) contributed
to adverse outcome in our patients.

‘ DOI: https://doi.org/10.2298/SARH210425072N
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Treatment of acute AD type A continues to be challeng-
ing [2, 3]. Currently, different surgical techniques are being
used for dissection treatment according to the indications,
based on dissection type and patient condition. Adequate
operative management remains a major concern for better
outcome of acute AD type A patients [20, 21]. However,
patients are completely different from one another, and
numerous factors can impact the choice of technique and
reflect surgical outcomes [22]. The results of our study
show that, if appropriately chosen, the precise operation
type was not a risk factor for postoperative morbidity and
mortality.

Literature data show that aortic arch replacement was
indicated in 12.2% of patients [12]. In our study, aorto-
coronary bypass, as a combined procedure with aortic re-
construction, was performed in 19.3% of patients. Studies
indicate that early postoperative survival is equivalent
when comparing antegrade and retrograde perfusion.
Nevertheless, antegrade perfusion to the true lumen was
associated with better long-term survival, while retrograde
perfusion is a risk factor for late mortality [23, 24]. Our
patients with antegrade perfusion also had better post-
operative outcomes than those who underwent surgery
without cerebral perfusion.

Currently, cannulation to establish CPB in patients with
acute AD type A can be safely and efficiently performed
through the femoral, subclavian, axillary artery, the as-
cending aorta, as well as through the left ventricular apex
and the aortic valve [25, 26, 27]. Our results showed that
axillar cannulation was associated with more frequent le-
thal outcome. A potential reason for this finding could be
that patients who had axillar cannulation also had more
preoperative chronic illnesses / complications, which might
have influenced their overall outcome. Other authors also
found that operative details differed significantly among
the patients with different cannulation sites [21, 23]. Other
cannulation sites were found to be safe for our patients.

As expected, emergency operations were confirmed
to have a significantly higher risk for both postoperative
mortality and morbidity than elective acute AD surgery
[2]. However, despite different novel surgical modifica-
tions, significant improvement in early mortality was not
observed [9]. Moreover, no significant link between the
overall early mortality and the extent of the aortic repair
has been proven in literature [20]. Contrary, it was found
that perioperative complications were associated with the
length of CPB, which again increased complications and
mortality after surgery [10, 21]. In this study, it was found
for the first time that if DHCA duration was > 33.5 minutes
and cross-clamp time was > 67.5 minutes, postoperative
complications were more likely.

Regression analyses performed in the literature suggest
that the independent perioperative risk factors for adverse
outcomes were prolonged cross-clamp and cerebral perfu-
sion time [4]. Prolonged CPB, surgery time, and duration
of deep hypothermia were the main intraoperative risk fac-
tors influencing surgical outcomes in patients who under-
went aortic arch repair [20]. We found that performing the
anterograde cerebral perfusion decreased lethal outcome.
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In addition, shortening the duration of DHCA, CPB, and
cross-clamp time could reduce early postoperative com-
plications. The obtained results should be confirmed on a
larger sample in the future for better reliability.

CONCLUSION

Our study shows that early 30-day mortality after surgery
for acute AD type A remains high, affecting almost 17% of
patients. Preoperative chronic kidney insufficiency, CVI,
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and tamponade are the major factors that could lead to
more postoperative complications and potential adverse
outcomes. Lethal outcome can be expected more often
in patients with cumulative postoperative complications,
and when patients spend more time on a cross-clamp.
Moreover, we found that after 67.5 minutes of cross-clamp
and 33.5 minutes of DHCA, postoperative complications
occur more frequently.
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daKTopu Koju YTUUY Ha paHe XMpYypLUKe ucxoae 60necHUKa ca akyTHOM

AUCeKuMjom aopTe TMna A

MeaH Hewuh', Urop Xnekosuh', Mupocnas Munununh'? Mapko Kautosuh'? Hophe 3npaskosuh', AnekcaHaap HeHagosuh?,

Jenena lotnnh?#, Anekcangpa LWbneuh?

"MHcTuTyT 33 KapanoBackynapHe 6onectn, [leautbe’, KnnHinka 3a kapauoxvpyprujy, beorpag, Cpbuja;

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

*MHCcTUTYT 3a KapauoBackynapHe 6onectu, [leane’, KnuHuka 3a aHecTe3ujy 1 MHTEH3MBHO Neuetse, beorpag, Cpbuja;
*YHnBep3UTeTCKM KNMHWYKM LieHTap Cpbuje, KnnHuKa 3a ruHekonorujy u akywwepctso, beorpag, Cpbuja;
SYHMBEP3UTETCKM KNMHUYKO-60MHNYKM LeHTap, Jp Aparvwa Muwosuh - egurse’, KnuHnka 3a nHtepHy meguunHy, Onerberbe Kapauonoruje,

Beorpag, Cpbuja

CAXETAK

YBog/Lumb Yak 11 y3 TpeHyTHO Nleyere, CMPTHOCT Of ANCEKLje
aopTe OCTaje BUCOKa.

Linm cTypmje 6uo je fa ce eBanynpa paHu NOCTOMNepPaTVBHU
ncxop 60necHUKa ca akyTHOM AnceKLrjom aopTe Tuna A u
npeHTMdUKyje dakTope Koju MOry yTULIATU Ha Hbera.

Metope Ctyauja je obyxBaTunia CBe y3acTonHe 60MecHNKe
onepucaHe 360r akyTHe Ancekyuje aopte Tuna A og 2012. go
2017. rognHe. PernctpoBanu cMo CBe NapameTpe Koju Mory
yTMLATU Ha NCXOA (OMNwWTK Noaaum, nctopuja bonectu, Hana-
31 KNUHUYKNX U KapAMOJIOWKNX ANjarHOCTUYKMX TECTOBa,
npeonepaTMBHe KOMMAMKaLUuje, TUN KaHynauuje n n3BegeHe
onepauuje, LOAATHUX XMPYPLLKMUX MOCTYMNaKa, Tpajake onepa-
upje uta.). bonecHnuwm cy XMpypLIKK eYeHr npema Baxehvm
npotokonmma. [MmasHe Mepe ncxofa bune cy Komnamkaumje n
MOPTanMTET TOKOM jeJHOr MeceLla NocTonepaTnBHOT Neproaa.
CB¥ nofaLm NpYKyN/beHV NpeonepaTBHO, IHTPaonepaTUBHO
1 nocTonepaTBHO ynopeheHn Cy 1 CTaTUCTUYKM aHanmM3paHu.
Pesynratm Ctyauja je obyxsatuna 246 6onecHmKa, npocey-
He cTapoctu 57,54 £ 12,88 rogmHa 1 yrnaBHoM MyLUKOT MoJia
(74%). PaHn nocTonepaTBHU MOPTANUTET JOroAMO ce Kog 17%

DOI: https://doi.org/10.2298/SARH210425072N

6onecHuKa. NpeonepaTBHa XPOHUYHa UHCYdULMjeHLmja by-
6pera (p = 0,005) 1 LepebpoBacKynapHu UHCYNT (p = 0,047)
1 TamnoHaga (p = 0,036) 6unu cy rnaBHu GakTopy pU3MKa 3a
nocTonepaTrBHe KOMMMKaLuje 1 MopTanuTeT. [lyro Tpajarbe
XMNOTEPMUYHOF CpYaHoT 3acTtoja (p = 0,001), ToTanHe Kneme
(p =0,017) n kapanonynmoHanHor 6ajnaca (p = 0,036) noseha-
Basiv Cy mocTonepaTBHe KoMnavKaumje. lloctonepatnsHe
KOMM/MKaLmje noyene Cy fa ce jaB/bajy HaKoH = 33,5 MyuHyTa
XVNOTEPMUYHOT CPYAHOT 3aCToja U = 67,5 MHYTa BpeMeHa To-
TasnHe Kneme. MocTojarbe BULLE MOCTONEPATUBHYX KOMMIIMKA-
uuja (p = 0,034) nosehasano je, [OK je n3BohHerbe aHTeporpaa-
He LepebpanHe nepdysuje CMarb1Bano y4ecTanocT CMPTHOT
ncxopa (p =0,001).

3ak/byyak BehriHa 6onecH1Ka XpypLUKM eYeHrX 360r aKyT-
He gucekumje aopTe Tuna A nmana je fobap nocTonepaTmeHM
ncxon. MehyTtum, 6pojHu npeonepaTuBHU, NHTPaOMNEPaTUBHM
1 NOCTONEePATUBHY GpaKTOPV MOTY YTHLIATU Ha MPEXBIbaBatbe
6onecHuKa.

KmbyuHe peun: akyTHa fucekuumja aopte Tuna A; onepauuja;
ncxop; GakTopu prsmka
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SUMMARY

Introduction/Objective Hearing impairment is the most common sensorineural disorder with an inci-
dence of 1/700-1000 newborns. Variants in the GJB2 gene are the major cause of autosomal recessive
nonsyndromic sensorineural hearing loss (ARNSHL). The degree of hearing impairment in patients with
detected mutations in GJB2 gene ranges from mild to profound.

The aim of this study was to determine possible genotype—phenotype association between audiometric
characteristics and detected genotypes in ARNSHL patients from Serbia.

Methods Ninety-two patients with ARNSHL underwent genetic analysis with amplification-refractory
mutation system polymerase chain reaction and sequencing of the GJB2 gene. Audiological analyses were
obtained in all patients using a combination of several methods to estimate the degree of hearing loss.
Results Audiological analysis performed in the 92 probands showed moderate to profound range of hear-
ing loss. All identified pathogenic variants accounted for 42.39% of the mutant alleles (78/184 alleles), with
the c.35delG mutation being the most frequent one (30.43%). Genotype—phenotype correlation in an iso-
lated group of 37 patients bearing c.35delG in the homozygous, compound heterozygous, or heterozygous
state. In this group the majority of patients (30/37, 81.08%) exhibited severe to profound hearing deficit.
Conclusion Association between genotype and the degree of hearing impairment in patients analyzed
in this study demonstrated that patients with bi-allelic truncating mutations, i.e., c.35delG, associate with
the more severe hearing loss when compared with those identified with only one affected allele. The
various degrees of hearing impairment observed in heterozygous patients could be explained by the
presence of an undetected second mutation or other modifier genes or environmental causes.
Keywords: hearing impairment; GJB2 gene; c.35delG variant; audiological features

INTRODUCTION between populations, even within countries [1,
7,8, 9]. Among these variants, ¢.35delG frame-

Hearing loss is the most common sensorineural  shift mutation is the most causative mutation

disorder in humans, with prevalence of one in
700-1000 children and 70% occurs as a nonsyn-
dromic form [1-3]. Approximately half of these
cases are genetic in origin [4]. The pattern of
inheritance can be distinguished in autosomal
recessive (loci named DFNB) (80%), autosomal
dominant (DFNA) (17%), X-linked (DFNX)
(2-3%), and mitochondrial forms (< 1%) [4].

The GJB2 gene (the human gap junction 3-2
gene - OMIM*121011) which encodes con-
nexin 26 protein, was the first gene that was
associated to nonsyndromic sensorineural
hearing loss, and mutations in this gene are the
most common cause of this disorder in many
populations worldwide [1, 3]. More than 200
different pathogenic variants were identified
in this gene [5, 6].

Because of the high number of identified
variants, their frequency and distribution vary

of autosomal recessive sensorineural hearing
impairment in Caucasians, with an incidence of
70% among the pathogenic alleles and a carrier
rate of 1-3% [3, 4, 7-11].

The majority of mutations in connexin 26 are
loss of function mutations, resulting in deprived
permeability of channel or loss of gap junction
and/or hemichannel function [12, 13]. The non-
syndromic hearing loss in patients with muta-
tions in GJB2 gene ranges from severe to pro-
found and is generally nonprogressive [4, 7, 8].

The purpose of this study was to determine
the possible genotype-phenotype association
between the audiometric characteristics and the
detected genotypes in a group of patients from
Serbia with bilateral prelingual non syndromic
sensorineural hearing loss.
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METHODS
Patients

Patients were initially clinically evaluated at the Unit
for Audiology and Neuro-otology, which is a part of the
Department of Otorhinolaryngology at the Dr. Vukan
Cupi¢ Mother and Child Health Care Institute of Serbia,
during the period from April 2016 to June 2018. All the pa-
tients in this study had nonsyndromic bilateral sensorineu-
ral hearing impairment which corresponds to autosomal
recessive pattern of inheritance (ARNSHL). The analyzed
group consisted of 92 patients, 49 males and 43 females.
The mean age at diagnosis of patients was 9.5 years, rang-
ing from 3.5 months to 68 years. The protocol of this study
was approved by the national Medical Ethics Committee
(number 8/20, dated 29.06.2018.), and informed consent
was obtained from all patients and/or parents/guardians.

Audiological analysis

Inclusion criteria for patients in the study was nonsyn-
dromic bilateral sensorineural hearing impairment. In each
patient, history of hearing loss, family history and physical
examination were obtained to determine the age at onset
of deafness and to exclude the possibility of environmental
causes. Clinical evaluation was done to exclude syndromic
hearing impairment by audiologist and pediatrician. Also,
tympanometry was performed to exclude conductive hear-
ing impairment. Based on all examinations on patients, it
was concluded that patients have nonsyndromic bilateral
sensorineural hearing impairment which corresponds
to autosomal recessive pattern of inheritance. Children
younger than four years (40 patients) underwent transient-
evoked otoacoustic emission, brainstem-evoked response
audiometry, and auditory steady-state response methods
to estimate hearing loss. In addition to the mentioned
methods, in patients older than four years (52 patients),
the pure-tone audiometry with a diagnostic audiometer
in a soundproof room was also done. According to the
European protocol, the severity of hearing impairment
in probands was classified as mild (20-40 dB), moderate
(41-55 dB), moderately severe (56-70 dB), severe (71-95
dB), or profound (more than 95 dB) [4].

DNA analysis

Peripheral blood samples of all patients and their rela-
tives were collected for genetic analysis. DNA analyses
were initially performed at the Laboratory of Medical
Genetics of the Mother and Child Health Care Institute
of Serbia. Sequencing of the coding exon 2 of the G/B2
gene was performed at the Department of Molecular
Genetics, Function and Therapy at the Cyprus Institute
of Neurology and Genetics. Genomic DNA was extracted
from the peripheral blood samples with ethylenediamine
tetraacetic acid using GenJet™ Genomic DNA Purification
Kit (ThermoFisher Scientific Inc, Waltham, MA, USA) as
instructed by the manufacturer.

‘ DOI: https://doi.org/10.2298/SARH201117098D
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Amplification-refractory mutation system polymerase
chain reaction for direct detection of c.35delG variant in
the GJB2 gene

Direct detection of c.35delG mutation in the G/B2 gene
was carried out in all the patients, using the amplification-
refractory mutation system polymerase chain reaction
(ARMS-PCR) method, according to modified original
method [14, 15]. In two separate PCR reactions, three
primers, one common reverse, one normal forward, and
one mutant forward were used (size of amplicon at 202 bp).
As an internal control of both reactions, two additional
primers for amelogenin were used (size at 360 bp) [16].
DNA of mutant homozygote, heterozygote, and wild type
samples as controls were run in parallel for each PCR set.
Products were separated by horizontal electrophoresis on
2% agarose gel and visualized by staining with ethidium
bromide and exposure to ultraviolet light.

Direct sequencing of exon 2 in the GJB2 gene

All the patients found negative or identified in heterozy-
gosity for the c.35delG were further screened by direct
sequencing of exon 2 of the G/B2 gene as previously de-
scribed [15]. Direct sequencing of the entire coding se-
quence of the GJ/B2 gene was performed using BigDye
terminator v1.1 cycle sequencing kit (Applied Biosystems,
Foster City, CA, USA), according to manufacturer’s pro-
cedure, on an ABI PRISM" 3130XL Genetic Analyzer
(Applied Biosystems). Internal primers were also used for
the complete cover-up of the coding region of the G/B2
gene, as described by Neocleous et al. [15].

After receiving results from genetic testing, all families
at risk were offered genetic counselling.

RESULTS
Audiological analysis

As described previously, all patients included in this study
had ARNSHL which corresponds to autosomal recessive
pattern of inheritance. The tympanometry excluded conduc-
tive type of deafness in probands. Family history and physi-
cal examination excluded the possibility of environmental
causes. Audiological analysis performed in the 92 probands
demonstrated moderate to profound range of hearing loss
(ranging from 41-115 dB) (Figure 1). According to the
European Molecular Genetics Quality Network Best Practice
Guidelines, patients were classified as having moderate,
moderately severe, severe, and profound range of hearing
impairment (Table 1) [4]. Mostly they had severe to pro-
found hearing impairment (63/92 patients, 68.48%), while
only 6 (6/92, 6.52%) had moderately severe range.

DNA analysis

Ninety-two Serbian patients with autosomal recessive non-
syndromic bilateral sensorineural hearing impairment

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):685-690
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Figure 1. Audiograms in patients with A — moderate, B - severe,
C - profound degree of hearing impairment;
o - right ear; x - left ear

Table 1. Results of audiological analysis in a group of 92 Serbian
patients with nonsyndromic sensorineural hearing loss

Range of hearing impairment n (%)
Moderate 23 (25%)
Moderately severe 6 (6.52%)
Severe 29 (31.52%)
Profound 34 (36.96%)
Total 92 (100%)

were initially screened for the presence of c.35delG mu-
tation in the GJ/B2 gene. Using the ARMS-PCR method,
the ¢.35delG mutation was detected in 37/92 (40.22%)
probands. In this group, c.35delG was nearly equally pre-
sented in homozygous and heterozygote state (19/37 and
in 18/37 tested patients, respectively) (Figure 2) (Table 2).
Further screening of the coding exon 2 was performed
in patients found negative or identified in heterozygosity
for the c.35delG mutation. In four probands sequencing
analysis revealed a second pathogenic variant, while 14
patients had c.35delG in the heterozygous state only (Table
2). In total, all identified pathogenic variants accounted
for 42.39% of the mutant alleles (78/184 alleles), while the
rest remained uncharacterized. The most frequent muta-
tion was c¢.35delG mutation and appeared in 56/184 alleles

Figure 2. Polymerase chain reaction (PCR) amplification-refractory
mutation system products for direct detection c.35delG mutation (202
bp) with internal control (amelogenin, 360 bp), 2% agarose gel, 85V,
1h; A: PCR reaction for detecting normal allele; B: PCR reaction for
detecting mutant allele; lane1: GeneRuler Tkb DNA ladder; lanes 2 and
3:samples heterozygous carriers; lane 4: homozygote sample; lane 5:
sample wild-type; lane 6: homozygote for the c.35delG control-sample;
lane 7: heterozygous carrier control sample; lane 8: wild type control
sample; lane 9: blanc; lane 10: ®X174 DNA-Hae Il Digest DNA ladder

(30.43%). To confirm homozygosity and or compound
heterozygosity identified in the probands, genetic testing
was also done in parents and close relatives (140 relatives
in total). Genetic counseling was recommended to all fami-
lies at risk, considering possibilities of carrier testing and
prenatal screening.

Audiologic features in carriers of c.35delG mutation

Thirty-seven of the examined patients were homozygous
or heterozygotes for the c.35delG mutation. The major-
ity of these patients were homozygous for the c.35delG
mutation (19/37) and had profound degree of hearing
impairment (11/19, 57.89%). Four patients (4/37) were
found to be compound heterozygotes for the c.35delG
mutation and a second pathogenic variant in the GJB2
gene: c.[35delG];[c.313_326del] in three patients,
c.[35delG];[c.71G>A] detected in one patient. All of these
patients exhibited profound hearing impairment. The iden-
tified patients with only one c.35delG mutation on the
one allele and an expected unidentified second mutation

Table 2. Genotype frequencies for the 35delG mutation and association between genotype and degree of hearing impairment in a group of

37 Serbian patients

Genotype  of probands (%) Percentage in tQtaI Range of hearing impairment (n of probands)

cohort of 92 patients | Moderate Moderately severe Severe Profound
c.[35delG];[c.35delG] 19 (51.35%) 20.65 0 2 6 11
c.[35delG];[=]* 14 (37.84%) 15.22 5 0 5 4
c.[35delG];[+]** 4(10.81%) 4.35 0 0 0 4
Total 37 (100%) 40.22 5 2 11 19

=* — unidentified second pathogenic variant;
+** — identified second pathogenic variant

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):685-690
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Table 3. Frequencies of the c.35delG mutation homozygote and compound heterozygote carriers per region

Population Study nofprobands | 3 et | camers (o mtotal cohort

Romania Resmerita et al. [18] 291 58.76 14.4
Hungary Battellino et al. [24] 194 35.6 12.6
Greece Battellino et al. [24] 210 30 6.2
Czechia Battellino et al. [24] 156 28.8 5.1

Croatia Battellino et al. [24] 63 254 7.9
FYR Macedonia | Sukarova Stefanovska et al. [23] 130 25.38 3.85
Slovenia Battellino et al. [24] 218 21.1 10.5
Serbia Present study 92 20.65 435

(14/37) exhibited moderate to profound hearing loss (Table
2). Finally, our results demonstrated that all carrier patients
bearing c.35delG mutation had predominantly severe to
profound degree of hearing impairment (30/37, 81.08%).

DISCUSSION

The degree of hearing loss associated with two allele variants
in the GJB2 gene is variable, ranging from mild to profound
[8]. A large multicenter genotype—phenotype correlation
study by Snoeckx et al. [7] demonstrated that mutations
in the GJB2 gene inactivate the protein product (connexin
26) and cause a more severe phenotype compared to those
that do not fully inactivate connexin 26 [8]. Interestingly,
this same correlation study also identified variability even
among patients with the same genotype. Another study by
Cryns et al. [17] also suggested that the severity of hearing
impairment is mostly determined by a specific combina-
tion of mutations in the GJB2 gene and that there is no dif-
ference in phenotypes in patients with the same or similar
genotypes, with different geographical and/or ethnic origin.

Nowadays, ¢.35delG mutation is widely known as the
most prevalent mutation in Caucasians either in the ho-
mozygous state or compound heterozygote state in G/B2
or GJB6 genes [4, 11]. ¢.35delG is a truncating, frameshift
mutation that leads to premature protein synthesis termi-
nation at the 12th amino acid [18]. In the present study, the
total frequency of the c.35delG mutant allele was estimated
at 30.43% (56/184 alleles) and was identified in 37 patients
either in homozygote or heterozygote state (40.22%) (Table
2). The recovered numbers concerning homozygosity and/
or heterozygosity of the c35delG are quite similar to the
ones previously reported in neighboring populations [10,
18-24] (Table 3).

Nineteen homozygous patients for c.35delG were placed
in group 1, since they exhibited severe to profound bilateral
sensorineural hearing impairment (Table 2). Among the
19 patients of group 1, 11 exhibited a profound degree of
hearing loss with over 100 dB. Only two patients exhib-
ited moderately severe degree of hearing impairment with
~60 dB. Our results are in agreement with many published
studies worldwide [18, 19, 25, 26]. In general, the majority
of homozygotes for the c.35delG mutation exhibit severe
to profound hearing impairment, while few cases develop
moderate to even mild hearing impairment [2, 3, 7, 8].

‘ DOI: https://doi.org/10.2298/SARH201117098D

Previously published data showed that there are no
significant differences between the audiological param-
eters in probands who are homozygotes for the ¢.35delG
and compound heterozygous with c.35delG on the one
allele [17]. The obtained results of the present study are
also in agreement with these findings. In group 2 of the
present study there were four patients (4.35% of the total
cohort) with the compound heterozygous genotype, all
of whom demonstrated profound hearing loss (Table 2).
Similar results were found in compound heterozygotes
from Romanian and Croatian populations identified in
4.8% and 7.9% of the total cohort, respectively, who mostly
exhibited profound degree of hearing impairment [18, 19].

In group 3 of the present study, 14 patients (15.22%)
were identified with only one pathogenic mutation and a
possible second pathogenic variant remained unidentified
due to limitation of the Sanger sequencing methodology.
The identification of a possible second pathogenic mu-
tation could be the subject of further analyses using the
high-throughput next-generation sequencing technology.
The severity of hearing impairment in group 3 ranged from
moderate to profound. Therefore, phenotypic variability in
group 3 could be further and more precisely explained by
the effect of second unidentified disease-causing mutation.
The possibility of this phenotypic variability being influ-
enced by modifier gene(s) and/or environmental factors is
likable. Previously published data from functional studies
suggest that such contribution as a result of modifier genes
is considered to be less important [2, 3, 17].

CONCLUSION

The association between genotype and the degree of hear-
ing impairment in patients analyzed in the present study
demonstrate that patients with the bi-allelic ¢.35delG asso-
ciate with a more severe hearing loss when compared to the
ones identified with only one affected allele. Additionally,
to some extent, and in agreement with previous studies,
the genotype-phenotype correlation in many cases remains
controversial and definitely needs further genetic investiga-
tion, possibly with the emergence of the next-generation
sequencing technology for the identification of other caus-
ing genes.
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AyanonoluKe KapakTepucTuke Kog bonecHuka us Cpbumje ca owreherwem cayxa
ca naeHTuduKoBaHoM myTaumjom c.35delG reHa GJB2

bojaHa lobpuh', NaHujena PagnBojesuh’, JoaHa JeumeHuua?, Bacoc Heokneyc®, Masnoc ®aHuc®, NleoHupac A. Qunakry?4,
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CAMETAK

YBoa/LUum OwTehere cnyxa npefactaBba Hajuellhe ceH3opu-
HeypanHo oborberbe U jaBsba ce ca yuectanolwhy og 1/700-1000
HoBopoheHuaau. BapujaHte y reHy GJB2, Koju Kogupa npoTenH
KOHEKCVH 26, Hajuelwhn cy y3poK ayTO30MHO-peLIeCBHOT He-
crHapomcKor owwTeherba cnyxa. Koa nauyjeHata ca fieTeKToBa-
HUM MyTaLwjama y reHy GJB2 cteneH owteherba ciyxa Bapvpa
o[ ymepeHor o Ay60Kor.

Linm oBor paga je 6vo ytephuBare moryhux reHotun-deHoTun
acouujauuja usmehy naeHTMdKOBaHKX reHOTMNOBA U ayAno-
MEeTPUjCKNX KapaKTepUCTUKa KoA naumjeHata u3 Cpbuje.
Mertope leHeTuuKe aHanu3e cy cnpoBefeHe Koa 92 naLujeHTa
nomohy metoge ARMS-PCR n cekBeHUMpatrba Koaupajyher pe-
rmoHa reHa GJB2. Ayanonolike aHanv3e 3a NpoLeHy cTeneHa
owTeherba cnyxa cy ypaheHe Kop CBUX NaLmjeHaTa KoMOMHa-
L1jom BULLE MeTOoAa.

Resyntatu Pe3yntatv ayanonoLKmnx aHanmsa kog 92 naymjeH-
Ta nokasanu cy ymepeHu go fy6oku cteneH owrtehera cny-
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xa. Y 42,39% anena ngeHTndMKOBaHe Cy NaToreHe BapujaHTe
(78/184 anena), a Hajuelwhe feTeKToBaHa je ¢.35delG BapujaHTa
ca yuectanowhy op 30,43%. AcouujaLyje reHOTUN—-peHOTUN
Cy UCNNTMBAHE Ha 130/10BaHOj rpynu nauujeHata (37), Koju cy
XOMO3UIOTHU, CJIOXKEH XETEPO3UTOTHY UMM XETEPO3UTOTHI HO-
cvouu c.35delG BapujaHTe. Y 0BOj rpyniu nauujeHata Hajuelhn
cTeneH owTehetba ciyxa je Texak ao ay6ok (30/37, 81,08%).
3ak/byuak Ko nauvjeHata aHanvM3npaHux y oBomM pagy aco-
umjauuja namehy reHoTuna 1 owTehera cryxa nokasyje aa ce
KOA mauvjeHaTa ca bruanenckum myTtauujama (mehy kojuma je
¢.35delG) uewwhe jaBrba Texun 06nmK owTeherwa Hero Kog na-
LujeHaTa ca MyTaLnjom Ha jeaHom aneny. Beha Bapupatba y
cTeneHy owTehera ciyxa KOA XeTepo3nroTHUX 6onecHnka
Mory 6uti objalutbeHa epeKkTom apyre, HemaeHTudnKoBaHe
MyTaLje, reHCKUX MogmdukaTopa unu epekTom cpeguHe.

KmbyuHe peun: owTehetbe cnyxa; reH GJB2; BapujaHta c.35delG;
ayAMOJIOLLKe KapaKTepuUcTUKe

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):685-690



DOI: https://doi.org/10.2298/SARH200529077S

UDC: 616.225-006.6-073

ORIGINAL ARTICLE / OPUTUHAJTHN PA]

Videolaryngostroboscopy in early vocal fold
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SUMMARY

Introduction/Objective Vocal folds are the most common primary site of laryngeal carcinoma. Advance-
ment in diagnostic and therapeutic modalities have provided better prognosis for patients with early
glottic carcinoma. We aimed to report the role of videolaryngostroboscopy (VLS) in early diagnosis of
vocal fold carcinoma.

Methods Prospective controlled study included 300 dysphonic patients admitted to the tertiary medi-
cal center for microlaryngoscopy with biopsy. All patients underwent stroboscopic examination prior
to biopsy. VLS findings were classified according to Hirano into four stages, with an adynamic vocal fold
segment and absence of vocal fold vibration, suspected for vocal fold carcinoma at stage IV. Histopatho-
logical findings have been graded according to Ljubljana classification into simple hyperplasia, abnormal
hyperplasia, atypical hyperplasia, and carcinoma in situ.

Results Analysis of VLS findings showed that 41.67% of patients (n = 125/300) had asymmetrical and
irregular vocal fold vibration with a mucosal wave reduction (VLS stage lll), while an adynamic vocal
fold segment and absence of vocal fold vibration (VLS stage IV), suspected for vocal fold carcinoma,
was noticed in 17.33% of patients (n = 52/300). Histopathology report showed that vocal fold carcinoma
was verified in 5.6% of patients in VLS stage Ill (n = 7/125), while VLS stage IV carcinoma was detected
in 26.92% of patients (n = 14/52). Adynamic segment or entire nonvibrating vocal fold finding predicts
early glottic carcinoma with a sensitivity of 66.77%, specificity of 86.4%, and moderate diagnostic ac-
curacy (AUC = 0.844).

Conclusion VLS plays an important role as a timely indicator for microlaryngoscopy with biopsy in

diagnosis of vocal fold carcinoma.

Keywords: videolaryngoscopy; vocal fold carcinoma; microlaryngoscopy

INTRODUCTION

Laryngeal cancer accounts for 30-40% of ma-
lignant head and neck tumors and for 1-2.5%
of all malignancies. Squamous cell carcinoma
adds up to 95-98% of laryngeal cancers. The
occurrence of laryngeal carcinoma is more
common in male patients between the fifth and
seventh decade of life. Laryngeal carcinomas
are one of several oncological diseases in which
the five-year survival rate has decreased from
66% to 63% over the last 40 years, although the
total incidence is declining [1, 2, 3]. In Serbia,
laryngeal carcinomas are one of the most com-
mon malignancies, and, according to 2017 data,
they rank sixth in terms of occurrence [4].
The first clinically manifested symptom of
vocal fold carcinoma is dysphonia. According
to American Academy of Otorhinolaryngology
and Head and Neck Surgery guidelines, dys-
phonia diagnostics includes anamnesis, clinical
examination focusing on laryngeal motility and

visible pathological changes of the vocal folds,
videolaryngostroboscopy (VLS) and microlar-
yngoscopy with biopsy as gold diagnostic stan-
dard. The occurrence of vocal fold carcinoma
is associated with smoking, gastroesophageal
reflux disease, HPV virus, with alcohol being
less involved in the development of vocal fold
cancer than in other localizations of laryngeal
tumors. VLS provides insight in anatomical
structures and functional changes of the vo-
cal folds (appearance and vibratory patterns),
without complications. Though it is invasive
procedure, microlaryngoscopy is necessary
complementary method to VLS, and without
it histological confirmation of the lesion would
be impossible [5, 6, 7].

The aim of this study is to distinguish the
presence of early glottic carcinoma in patients
with or without dysplastic lesions of vocal folds,
using certain clinical characteristics observed
during VLS.
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METHODS

This prospective study with 300 dysphonic patients
was conducted over a four-year period in the Clinic of
Otorhinolaryngology, Kragujevac Clinical Center, Serbia.
Ethics Committee of the Kragujevac Clinical Center ap-
proved the study. Patients with functional voice disor-
ders, benign tumors, pseudotumors, as well as patients
with verified vocal fold carcinoma were excluded from
the study. All the patients underwent detailed anamnesis,
otorhinolaryngological and phoniatric examination, VLS,
and microlaryngoscopy with biopsy. All the subjects gave
their informed consent for participation in the study and
ethics guidelines of the Declaration of Helsinki were fol-
lowed during the study.

VLS was performed using a rigid Karl Storz stroboscope

(Karl Storz SE & Co. KG, Tuttlingen, Germany). One doc-
tor performed and evaluated all stroboscopic examina-
tions. Following parameters were analyzed: glottic occlu-
sion, amplitude and regularity of vocal fold vibration and
presence of mucosal wave. VLS findings were classified
according to Hirano into the following four stages: 1.
Insufficient glottic occlusion with symmetrical, regular
vocal fold vibration with regular amplitude and pres-
ence of mucosal wave; 2. Insufficient glottic occlusion
with symmetrical and regular vocal fold vibration with a
reduced amplitude, and slightly reduced mucosal wave;
3. Insufficient glottic occlusion with asymmetrical and
irregular vocal fold vibration with a mucosal wave re-
duction; 4. Adynamic vocal fold segment and absence
of vocal fold vibration, suspected for vocal fold carci-
noma [5, 8].

Microlaryngoscopy with biopsy was performed in
general anesthesia with SOM 62 microscope (Karl Kaps
GmbH & Co. KG, Asslar, Germany) and Karl Storz la-
ryngoscope (Karl Storz SE & Co. KG). All sections of the
obtained samples had been embedded in paraffin wax, cut
at 3-5 mm thickness from at least two parts of the paraffin
block and stained with hematoxylin and eosin for histo-
pathological (HP) analysis. HP findings have been graded
according to Ljubljana classification into simple hyperpla-
sia (benign spinous layer augmentation), abnormal hyper-
plasia (benign basal and parabasal layer augmentation),
atypical hyperplasia (risky for malignancy) and carcinoma
in situ. [9, 10].

The data were analyzed using statistical package IBM
SPSS Statistics, Version 21.0 (IBM Corp., Armonk, NY,
USA). The normality of distribution was tested by the
Kolmogorov-Smirnov test. The statistical association
was evaluated using the x> test. Receiver operating char-
acteristic (ROC) curve is used for the assessment of VLS
diagnostic values. Diagnostic value is tested using clinical
variables of interest by the method of logistic regression.
Diagnostic value of VLS was evaluated through determi-
nation of sensitivity, specificity, and diagnostic accuracy.
The results were considered significantly different when
p < 0.05.
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RESULTS

Our study included 220 male (73.33%) and 80 female pa-
tients (26.67%), with an average age of 50.59 years. The
smokers accounted for 88.67% (n = 266/300) of patients,
with a 23.970 + 12.651 mean smoking years history, while
11.33% (n = 34/300) of patients were non-smokers.

Analysis of VLS findings according to the Hirano clas-
sification showed that all patients had insufficient glottic
occlusion. In 27.33% of patients (n = 82/300) we noticed
symmetrical, regular vocal fold vibration with regular
amplitude and presence of mucosal wave (VLS stage I),
13.67% of patients (n = 41/300) had symmetrical and regu-
lar vocal fold vibrations with a reduced amplitude, and
slightly reduced mucosal wave (VLS stage IT), while 41.67%
of patients (n = 125/300) had asymmetrical and irregular
vocal fold vibrations with a mucosal wave reduction (VLS
stage III). Adynamic vocal fold segment and the absence
of vocal fold vibration (VLS stage IV), suspected for vo-
cal fold carcinoma, was noticed in 17.33% of the patients
(n=52/300) (Table 1).

Table 1. Number of patients with specific epithelial hyperplastic laryngeal
lesions distributed by videolaryngostroboscopy (VLS) stages

Epithelial VLS stages

hyperplastic Stage | | Stage | Stage | Stage Total

laryngeal lesions tage I m v

Simple hyperplasia 73 17 33 3 126 (42%)

Abnormal hyperplasia 5 17 46 18 | 86(28.67%)

Atypical hyperplasia 4 7 39 17 | 67(22.33%)

Carcinoma 0 0 7 14 21 (7%)
82 41 125 52

0
Total (%) (27.33)| (13.67) | 41.67) | (17.33)| 390

All the patients underwent microlaryngoscopy with vo-
cal fold biopsy. HP report showed that simple hyperplasia
was present in 42% of the patients (n = 126/300), abnormal
hyperplasia in 28.67% of the patients (n = 86/300), 22.33%
of the patients (n = 67/300) had atypical hyperplasia, while
7% of the patients (n = 21/300) were diagnosed with la-
ryngeal carcinoma (Table 1).

In VLS stage I, most common HP finding was simple
hyperplasia. Carcinoma was not detected in VLS stages I
and IL. In VLS stage III carcinoma was verified in 5.6% of
the patients (n = 7/125), while VLS stage IV carcinoma
was detected in 26.92% of patients (n = 14/52) (Figure 1a,
b). HP reports indicating carcinoma showed that 52.38%
of the patients (n = 11/21) had carcinoma in situ, while
47.62% of the patients (n = 10/21) had invasive laryngeal
carcinoma. Our results showed that there were significantly
more patients with carcinoma in VLS stage IV than in
other VLS stages (Figure 1b).

To examine diagnostic significance of VLS in carci-
noma diagnostics we used ROC curve for determining
the procedure sensitivity and specificity, univariate and
bivariate logistic regression. Adynamic segment finding
had 0.667 sensitivity and 0.864 specificity in detecting vo-
cal fold carcinoma [area under the curve (AUC) = 0.844,
95% confidence interval (CI) 0.772-0.916)]. Odds ratio for

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):691-695
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Figure 1. Distribution of epithelial laryngeal lesions according to en-
dovideolaryngostroboscopy (EVLS) findings

VLS findings of 3.44 (95% CI 2.14-5.51) indicates that for
each gradation of findings, from VLS stage I to stage IV, the
chance for carcinoma detection after biopsy is increased.
Our results imply a cut-off point for early diagnostics of
glottic carcinoma with a sensitivity of 66.77%, specificity of
86.4%, and moderate diagnostic accuracy (AUC = 0.844)
for early detection of glottic carcinoma. According to our
results, VLS predicts most precisely early glottic carcinoma
when adynamic segment or when entire nonvibrating vocal
fold is found (Figure 2).

DISCUSSION

There is a great interest in the assessment of the VLS role
in diagnosis of vocal fold carcinoma and benign pathology
[9, 10]. VLS is considered to be an objective method with a
subjective interpretation of the experienced endoscopists
[5, 11]. In our study, VLS was used as a diagnostic proce-
dure, while biopsy with HP evaluation as a gold diagnos-
tic standard was a comparative method used to confirm
stroboscopic prediction.

Analyzing the VLS and HP reports on 112 subjects,
Jotic et al. [5] found that the adynamic segment was pres-
ent in 15.1% of patients with mild, 38.5% of patients with
moderate, and in 54.5% of patients with severe dysplasia
(carcinoma in situ). In a prospective clinical trial of 66
patients, VLS findings were compared with histopatho-
logical verification of glottic carcinoma. Asymmetrical
and irregular vocal fold vibrations with absent mucosal
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Figure 2. The area under receiver operating characteristic (ROC) curve
for the sensitivity and specificity of videolaryngostroboscopy in vocal
fold carcinoma diagnosis

wave or absent vibrations of one part or the entire vocal
fold were histopathologically confirmed as cancer in 85%
of the patients. There were seven HP reports positive for
carcinoma (87.5%) and one negative (12.5%) in the group
of patients with absent mucosal wave. In the group of pa-
tients with absent vocal fold vibrations, there were 49 posi-
tive (84.48%) and nine negative (15.52%) HP reports. The
authors concluded that in the cases of hoarseness present
more than 14 days, VLS is the method of choice in assess-
ing the need for microlaryngoscopy and HP verification
[12]. El-Demerdash et al. [13] found that the sensitivity
and specificity of VLS in predicting the invasive nature
of vocal fold lesions based on the absence or reduction
of the mucosal wave was 96.8% and 92.8%, respectively.
Caffier et al. [14] found absence of vocal fold vibrations
and adynamic segment (VLS stage IV) in 17/34 patients,
while in 16 patients, malignancy was histopathologically
confirmed. In addition, Gugatschka et al. [15] showed that
the combination of exfoliative cytology and VLS allows for
the detection of glottic cancer with a sensitivity of 97%.
In compliance with the available data, our results showed
that 26.92% of the patients (14/52) with adynamic segment
and absent vocal fold vibration had histopathologically
confirmed vocal fold carcinoma. In addition, in 66.67% of
the patients (14/21) with vocal fold carcinoma adynamic
segment and absent vocal fold vibration were detected
(Figure 1). Adynamic segment or absent vocal fold vibra-
tions predict early glottic carcinoma with a sensitivity of
66.77%, specificity of 86.4%, and moderate diagnostic ac-
curacy, AUC = 0.844 (Figure 2).

Gamboa et al. [16] used the WHO histopathology clas-
sification, which is compatible with the Ljubljana classifica-
tion that we used in our study. Absent mucosal wave as a
suspected VLS finding was observed in 15 patients. Severe
dysplasia was histopathologically confirmed in 13.4% of
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the patients (n = 2/15), and planocellular carcinoma in
46.7% (n = 7/15). Histopathology did not show cell atypia
in 26.7% of the patients (n = 4/15), while remaining 13.4%
(n = 2/15) showed mild dysplasia.

VLS findings that are characteristic of chronic laryngitis
(asymmetrical vocal fold vibrations with reduced ampli-
tudes and mucosal wave reduction) demand particular
attention because continuous VLS monitoring of these
patients allows early diagnosis of vocal fold carcinoma [7,
11, 13,15, 17].

The recognition of clinical manifestations and exposure
to risk factors for the vocal fold carcinoma is important to
primary care in order to promptly refer the patient to oto-
rhinolaryngological examination and to establish a timely
indication for microlaryngoscopy with biopsy [18-21]. VLS
is a very important prompt indicator for microlaryngoscopy
with biopsy as a gold standard procedure for the diagnosis
of vocal fold carcinoma. During microlaryngoscopy, the
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patient must be under general anesthesia, which makes ex-
amination of the larynx mobility impossible [22, 23]. Also,
vocal fold scaring after the biopsy is possible as the tissue
does not have the ability to regenerate. According to the
American Academy of Otorhinolaryngology and Head and
Neck Surgery guidelines for dysphonia diagnostics, VLS
enables good visualization of the larynx, which is important
before performing microlaryngoscopy [24, 25, 26].

CONCLUSION

Results of this study implicate fundamental significance of
VLS in the diagnosis of early glottic carcinoma as VLS pre-
cisely predicts early glottic carcinoma when an adynamic
segment or the entire nonvibrating vocal fold is found.
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CAXETAK

YBoa/Uum MMacHuLe npeacTaB/bajy Hajuelwhy npumapHy sio-
Kanusauujy naprHreanHor KapurHoma. Hanpepgak y gujarHo-
cTVumM 1 Tepanuju omoryhrio je 60/by NPorHo3y 3a 6onecHrke
Ca PaHMM KapLyiHOMOM FioTuCa.

OCHOBHU LiJb HaLLer NCTPaXuBama je la yKaXKeMo Ha 3Hauaj
€HA0BMAEOCTPOOOCKONYjE Y PaHOj AWjarHOCTHLM KapLMHOMa
rnacHuua.

Metopae Y npocneKkTUBHY KOHTPONIMCaHY CTYAM]Y YK/byUYeHO je
300 bonecHrKa ca AMcOHMjOM, XOCNTaNM30BaHKX Y TepLmjap-
HOj MeAULIMHCKOj YCTaHOBM Pagn MUKPONapUHrockonuje ca
6uoncujom. Kog cBux 60M1eCHMKa YUMHbEH je eH0BMAE0CTPO-
60cKoncku nperneq npe 6roncuje. AHanv3a eHAoBMAEOCTPO-
60CKOMCKor Hanasa je KnacudriKkoBaHa npema XupaHy y yetvpm
CTaAujyMa, Tako Aa afiuHaMIYHI CETMEHT 1 OfCYCTHe BrbpaLmje
rnmacHyiLe NpefcTaBsbajy cTpobockoncky Hanas 1V, cycnekTaH
3a KapurHom rnacHuue. Mpema Jby6sbaHcKoj Knacudukauumju,
XMCTOMATONOLLKW Hana3 NofesbeH je Ha jefHoCTaBHy, abHop-
MasnHy 1 aTUMMYHy Xxunepnnasujy n KapLmHom in situ.
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PesynTtatm AHanv3a eHAOBMAEOCTPOOOCKONCKOr Hanasa rno-
Ka3sana je fa kop 41,67% 6onecHuka (n = 125/300) nocToje
0060CTpaHO NPUCYTHE aCUMETPUYHE 1 MperynapHe Brbpaumje
rlacHULA, jako pedyKoBaHOT MyKO3HOT Tanlaca (cTpobockon-
cku Hanas |ll), pok cy kog 17,33% (n = 52/300) 6onecHuka yo-
YeHU afiHaMUYHW CErMeHT 1 0ACyTHe BMbpaLuje racHuLe
(cTpobockoncku Hanas IV), cycnekTHW Ha KapLIMHOM FacHULe.
X1CTONATONOLKOM aHanM30oM, KapLUyHOM rnacHuLa je sepudu-
KOBaH Kop 5,6% 6onecHuka ca ctpobockonckmum Hanasom il
(n=7/125) n kop 26,92% 6onecHUKa ca CTPOOOCKOMNCKNM Ha-
nasom IV (n = 14/52). Hana3 agHaMUYHOTr CEerMeHTa 1 OACYTHUX
BMOpaLWja rnacHyLa UMa CEH3UTUBHOCT 66,77% 1 cneundny-
HOCT 86,4% y AeTeKumju KapumMHOMa rMacHnLa, ca yMepeHom
AujardocTnykom npeumsHowhy (AUC = 0,844).

3akyyak EHpoBreoctpobockonmja urpa BaxkHy ynory y npa-
BOBPEMEHO]j HANKALWjY 33 MUKPOJTapUHIOCTPO6OCKONNjy ca
6r10MCMjoM y AnjarHOCTULIM KapLYHOMA racHuLa.

KmbyuHe peun: eHoBraeocTpobOCKoNNja; KapLMHOM rmacHu-
Lia; MUKPONaprHrocTpobockonuja
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SUMMARY

Introduction/Objective Locally advanced lung cancer is often accompanied by atelectasis of either a part
or the entire lung. The aim of this study was to establish the benefits of brachytherapy on the patients’
quality of life, the length of the progression-free survival (PFS), and the overall survival (OS) as related to
the presence or absence of atelectasis after the applied treatment.

Methods The total of 100 patients with locally advanced lung cancer or endobronchial metastasis of
other malignancy were treated with the high-dose-rate endobronchial brachytherapy (HDR-EBB) in 2017.
For observing the patients’ clinical characteristics, the PFS and OS, the patients were classified into four
groups according to the presence of atelectasis before and after HDR-EBB.

Results After HDR-EBB alone or combined with other treatment modalities, a statistically significant
symptom alleviation was registered for all the symptoms except cough (p < 0.05). The significantly highest
PFS value was registered among the patients with atelectasis prior but not after HDR-EBB. The longest
survival was registered in the patients who had atelectasis prior to, but not after HDR-EBB, as well as
among the patients without atelectasis either before or after EBB.

Conclusion HDR-EBB is an efficient method that improved the quality of life of most patients. There were
improved rates of re-aeration after HDR-EBB treatment alone and as a part of combined treatment. Re-

Received « MpumbeHo:
June 8, 2021

Revised - PeBusnja:
August 31,2021

Accepted - MpuxeaheHo:
October 23, 2021

Online first: November 5, 2021

Correspondence to:

Marko BOJOVIC

University of Novi Sad
Faculty of Medicine
Hajduk Veljkova 3

21000 Novi Sad, Serbia
bojovicmarko@uns.ac.rs

aeration after EBB is a positive prognostic factor with respect to PFS and OS of these patients.
Keywords: atelectasis; brachytherapy; lung cancer; progression-free survival; survival

INTRODUCTION

Worldwide, lung cancer (LC) still has the high-
est incidence and mortality compared to other
malignancies, with 2.1 million new LC cases
and 1.8 million deaths predicted in 2018 [1].
Five-year survival rate is still low, it has been
registered in only 19% of the cases, despite
advances achieved in the fields of surgery,
irradiation, and chemo treatment, as well as
introduction of entirely new treatment mo-
dalities such as molecular and immunotherapy
[2]. Among patients with diagnosed non-small
cell lung cancer (NSCLC), 25-30% have either
stage I or stage II of the disease according to
the tumor, nodal, metastasis (TNM) classifi-
cation, 30% have a locally advanced disease
(TNM stage III), and the remaining 40-45%
have distant metastases (stage IV). In LC af-
ter external beam radiotherapy (EBRT), local
relapses of the disease are registered in almost
60-70% of the patients, and in 60% of the
patients a fatal outcome occurred due to re-
spiratory failure, obstructive pneumonia, and
sepsis. Endobronchial brachytherapy (EBB) is
an efficient method for palliative treatment in
advance NSCLC resulting in improvement of
the QoL in most patients [3, 4].

The total endoluminal obstruction induces
atelectasis of the lung - segmental, lobar, or
complete, and the resulting pneumonia with
prominent symptoms such as dyspnea, el-
evated body temperature, hemoptysis, cough,
suffocation. The bronchial obstruction type
determines the optimal therapeutic regimen,
and the endoluminal obstruction may be re-
solved by brachytherapy, laser therapy, pho-
todynamic therapy or cryotherapy, while the
extraluminal obstruction may be eliminated
by external radiotherapy or stent placement
[5]. Interventional bronchoscopy therapeutic
procedures may result in a rapid alleviation of
the symptoms and are often well tolerated, with
minimal toxicity [4].

In locally advanced LC, brachytherapy is
most frequently applied as palliative treatment
procedure accompanied by other interventional
bronchoscopy procedures. For high-dose-rate
endobronchial brachytherapy (HDR-EBB),
hospitalization is mostly unnecessary and the
therapy is administered with a variation of frac-
tionating modalities and dosage, depending on
whether is intended for a curative or a palliative
effect [4, 6]. EBB can be combined with other
treatment modalities, including EBRT, chemo-
therapy, biological, or immune therapy [7, 8].
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In this study, we report our experience with HDR-EBB
to assess its efficacy and tolerability in the treatment of
patients with atelectasis caused by endobronchial meta-
static tumors and LC.

METHODS
Material

Having obtained the approval for the research of the
Board of Ethics of the Institute for Pulmonary Diseases
of Vojvodina, a retrospective review of 100 patients (> 18
years old) with endobronchial (lung or metastatic) tumor
was conducted. The patients had bronchoscopy-established
advanced stage (IIIB and IV) LC, or a bronchial metastatic
cancer from an extrapulmonary primary tumor. The pa-
tients with a “positive endobronchial status” (the tumor
was seen in the trachea or the main bronchi) were diag-
nosed in the period from January 2017 to January 2018,
giving a retrospective character to the study and enabling
monitoring of the three-year survival.

Guided by bronchoscope, an endobronchial polytet-
rafluoroethylene catheter is induced into the tumor area.
The position of the tumor regarding the catheter and the
segment volume which is necessary to irradiate is mea-
sured by orthogonal X-ray imaging, based on which a
radiation field is planned with calculation of dose distri-
bution. Application dose is given in two fractions of 7 Gy,
in weekly treatments. The dose is prescribed at 1 cm
from the source axis. After connecting the catheter
to the HDR brachytherapy machine, irradiation is
conducted remotely after the loading technique, and

RESULTS
Patient and tumor characteristics

The total of 100 patients were treated with HDR-EBB at
the Oncology Institute of Vojvodina, with a bronchologist
of the Institute for Pulmonary Diseases of Vojvodina plac-
ing endobronchial catheters. Ninety-eight patients had a
primary or recurrent disease of LC, and only two patients
had endobronchial metastasis. The patients were classified
into two groups: Group A - the patients who had atelec-
tasis at the time of establishing the diagnosis, and Group
B - the patients who did not have atelectasis at the time of
establishing the diagnosis. The patient and tumor charac-
teristics are summarized in Table 1. Group A included 47
patients, and Group B had 53 subjects. The mean age of the
examined patients was 64 years. The youngest and the old-
est patient were 44 and 84 years of age, respectively. There
were 86 males and 14 females. In endoscopically visible
bronchial cancer or bronchial infiltration, no statistically
significant sex-related differences regarding the presence of
atelectasis at the moment of diagnosing LC were registered.
Neither were statistically significant European Cooperative
Oncology Group performance status differences registered
between the examined groups (p = 0.196). Regarding the
histological tumor type, squamous lung cancer was most
common, followed by adenocarcinoma, small cell and large
cell lung cancer, while two patients had an endobronchial
metastasis of the colon cancer. There existed a statistically

Table 1. Patient and tumor characteristics before high-dose-rate endobron-
chial brachytherapy related to the presence of atelectasis

a radioactive source (isotope Ir192) is placed in the
vicinity of the tumor trough the catheter.

The OS assessment started from the moment of

bronchial biopsy-established diagnosis, lasting to the
end of the follow-up period or the date of death accord-
ing to the Lung Cancer Registry of the Institute. The
patients’ identity was protected in strict accordance with

the Declaration of Helsinki, seventh revision.
Statistical analysis

A total of 100 patients treated with brachytherapy were
classified into two groups according to the presence

or absence of lung atelectasis. The description within
the groups was performed using absolute values and
percentiles. The statistical analysis of the clinical fea-
tures and treatment outcomes was performed by the
Pearson ¥ and the Fisher’s exact test. The log-rank
test was used to compare the overall survival (OS) and
progression-free survival (PEFS) outcomes between the
groups. The OS and the PFS were compared using
the median, with the monitoring period < 36 months,
and they were graphically presented using the Kaplan-

Median age/ . without AT
range (years) 64 (44-84) with AT (A) ®) p
Male 42 (89.36%) | 44 (83.02%)
Sex 0.362°
Female 5(10.64%) | 9(16.98%)
ECOG 0 / /

1 34 35
performance 0.196°
status 2 1 19

3 1 /

Squamous ca. | 33(70.21%) | 37 (69.81%)
Adenocarcinoma | 7 (14.89%) | 10 (18.87%)
. Large cell ca. 1(2.13%) 3(5.66%)
Histology 0.205°
SCLC 4 (8.51%) 1(1.89%)
Metastatic / 2 (3.77%)
Others 2 (4.26%) /
Trachea / 16 (30.19%)
Main br. R 15(31.91%) | 11 (20.75%)
Main br. L 22 (46.81%) | 6(11.32%)
Middle br. 2 (4.26%) 1(1.89%)
Site
U br.R 2 (4.26% 3(5.66%
(endobronchial- Pper or. ( 00) ( 00) 0.0012
positive finding) Upper br. L 2 (4.26%) 2 (3.77%)
Lower br.R 2 (4.26%) 2 (3.77%)
Lower br. L / 4 (7.55%)
Br. intermedius 2(4.26) 2 (3.77%)
Both sides / 6(11.32%)
Total 47 (100%) | 53 (100%)

Meier analysis and the MedCalc statistical software
package (MedCalc Software Ltd, Ostend, Belgium),
accepting p < 0.05 for the statistical significance level.

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):696-701

AT - atelectasis; R - right; L - left; ECOG - European Cooperative Oncology Group;
SCLC - small cell lung cancer;
Pearson’s x*
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significant difference (p = 0.001) regarding the localization
of the bronchial tumor or bronchial involvement by the
tumor: the positive endoscopy finding was most frequently
obtained from the left main bronchus, then from the right
main bronchus, and finally other endoscopy tumor local-
izations.

Treatment characteristics

HDR-EBB gave as a palliative and symptom-relieving
method in all the patients. Of 100 examined subjects,
47 had atelectasis of a part or the entire lung at the mo-
ment of establishing the diagnosis, while 53 patients had
no atelectasis. After the palliative EBB had been applied,
either alone or in combination with other therapy modes,
atelectasis was registered in 11 patients, while 89 patients
were without atelectasis (Table 2). For this clinical treat-
ment response, the difference was statistically significant
(p = 0.022). EBB was administered alone in 26 patients,
combined with EBRT in six patients, combined with
chemotherapy in 23 patients, and combined EBRT with
chemotherapy in 45 patients. There was no statistically
significant difference between these therapeutic options in
the “loss” of atelectasis following the treatment (p = 0.186).
These results are reviewed in Table 3.

Palliation rate and clinical response

All the patients were evaluated for subjective symptom
response summarized in Table 4. Analyzing the most
common symptoms present at the moment of establish-
ing the diagnosis on endoscopy and then after EBB alone
or combined with other treatment modalities, a statistically
significant symptom alleviation was registered for all the
symptoms except cough.

Local control, time to progression, and overall
survival

To assess the PFS and OS, all the patients were subdivided
into four groups: Group I - patients with atelectasis prior
to EBB, persisting after the treatment as well; Group II -
patients with atelectasis prior to, but not after EBB; Group
III - patients having no atelectasis prior to EBB, but devel-
oped it after the treatment, and Group IV - patients free of
atelectasis before as well as after EBB. In all of the exam-
ined patients, the two-year PFS was 9%. One of the patients
belonged to Group I [making 11.11% of the group (1/9)],
four patients belonged to Group II [making 10.53% of the
group (4/38)], none of the patients belonged to Group III,
and four patients belonged to Group IV [making 7.84%
of the group (4/51)]. The PFS median was 0, 10, 0, and 2
months in Groups I, IL, III, and IV, respectively. The log-
rank was 0.028, suggesting a different PFS in the examined
groups; the significantly highest PFS value was registered
among the patients with atelectasis prior but not after EBB
(Group II), as well as in the patients free of atelectasis ei-
ther before or after EBB — Group IV (Table 5, Figure 1). To
evaluate the OS, the patients were classified into the same

‘ DOI: https://doi.org/10.2298/SARH210608090B

Bojovi¢ M. et al.

Table 2. Local control of the disease before and after high dose rate
endobronchial brachytherapy related to the presence of atelectasis

Atelectasis before TH
Yes No 2
Atelectasis Yes 9(19.15%) 2 (3.77%)
0.022°
after TH No 38 (80.85%) 51 (96.23%)
TH - therapy;

“Fisher’s exact test
Table 3. The presence/absence of atelectasis related to the treatment
characteristics

Treatment AT s After EBB p
EBB
Yes 6 4
EBB alone No 20 2
Yes 3 1
EBB + EBRT
No 3 5
Yes 12 1 0.186
EBB + CHT
No 1 22
Yes 26 5
EBB + EBRT + CHT
No 19 40

EBB - endobronchial brachytherapy; EBRT - external beam radiotherapy; CHT
- chemotherapy
2Pearson’s x?

Table 4. Symptom response

Symptom Present | Before EBB | After EBB p
Yes 7 6

Temperature* after TH 0.003®
No 15 72
Yes 49

Cough after TH 0.731°
No 42 5
Yes 49 1

Dyspnea after TH 0.001°
No 37 13

X Yes 5 6

Hemoptysis after TH 0.025°

No 15 74

TH - therapy; EBB - endobronchial brachytherapy;
2Pearson’s x%

bFisher’s exact test;

*temperature > 38'C

Table 5. Progression free survival (PFS) and overall survival (OS) in lung
cancer patients with and without atelectasis

Group PFS (median) months | OS (median) months
Group | 0 4

Group Il 10 12

Group Il 0 0

Group IV 2 8

No accordance to AT 5 10
Log-rank p=0.0284 p=0.0028

AT - atelectasis; Group | — patients with atelectasis prior to endobronchial
brachytherapy; persisting after treatment as well; Group Il - patients with
atelectasis prior to but not after endobronchial brachytherapy; Group IIl -
patients having no atelectasis prior to endobronchial brachytherapy but
developed it after treatment; Group IV - patients free of atelectasis before as
well as after endobronchial brachytherapy

groups as for the PFS data. Of 100 patients, a 12-month OS
was achieved by 44%, while a 24-month OS was achieved
by 13% of the patients, one belonging to Group I, six to
Group II, none to Group III, and six patients to Group IV.
The total OS median was 10 months, the longest OS (12
months) was in Group II, and the shortest one (0) was in
Group III. The log-rank was p = 0.002, suggesting there
were statistically significant differences in the OS among
the examined groups - the longest survival was registered

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):696-701
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Figure 1. Progression-free survival in patients treated with high-dose-
rate endobronchial brachytherapy according to the presence of lung
atelectasis

in patients who had atelectasis prior to but not after EBB
(Group 1), as well as among patients free of atelectasis ei-
ther before or after EBB (Group IV) (Table 5, Figure 2).

During the procedure, one patient had life-threatening
hemoptysis but survived and was alive six months after
therapy.

DISCUSSION

As 30% of LC patients have a locally advanced disease
(stage III), and 40-45% have distant metastases (stage IV),
palliative treatment procedures are probably a sole option
for these patients. EBRT can also be a palliative treatment
procedure affecting the tumor size, but its effect is rath-
er slow and limited by the total radiation dose, and the
maximal atelectasis regression achieved is 20% provided
that other local interventional bronchoscopy procedures
are not necessary [9]. Depending on the endobronchial
tumor and the tumor compression type, brachytherapy
may in some cases be the treatment of choice, either as
a single therapy or combined with other interventional
bronchoscopic procedures. Brachytherapy stops the ob-
struction process and removes atelectasis, improving pa-
tients’ QoL [9]. Brachytherapy is not effective for acute and
severe central airway obstruction (CAO) because it takes
minimally three weeks for its effect [10]. Our study was
aimed at establishing the presence of atelectasis of either
the entire lung or its part, which was due to an intraluminal
obstruction by the tumor or tumor-infiltrated bronchial
mucosa, as well as the effects of EBB on the obstruction
and atelectasis removal.

Several studies have reviewed different HDR-EBB
regimens correlated to NSCLC stage, EBB fractionation
modality mode, the number of installed catheters and
delivered doses, as well as a clinical response. Bedwinek
et al. reported on 60 patients who received HDR-EBB in
three 6 Gy fractions (3 x 6 Gy), which resulted in a clini-
cal improvement (76%), chest X-ray improvement (64%),
bronchoscopy improvement (84%), with the median OS

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):696-701

Figure 2. Overall survival in patients treated with high-dose-rate endo-
bronchial brachytherapy according to the presence of lung atelectasis

of 10 months [3]. Speiser and Spratling reported on 66
patients who received HDR-EBB in the dose of 3 x 10 Gy,
registering a clinical and bronchoscopy improvement in
88% and 99%, respectively [4].

All the patients included in our study received HDR-
EBB in two fractions of 7 Gy, the treatment was given
weekly, in total of 14 Gy locally. In the patients who had
the trachea bifurcation infiltrated, we installed two cath-
eters bilaterally in both fractions.

Our examined sample of 100 patients included 86 males
and 14 females at the mean age of 64 years. These clinical
characteristics correlate to the reported studies of locally
advanced NSCLC. Squamous lung cancer is the most com-
mon histological type of centrally located and endoscopy
visible tumors. Proximal or CAO complicates 20-30%
of LC cases and 40% of them originate from squamous
NSCLC [11]. In our study, squamous lung carcinoma was
diagnosed in 33 (70.21%) patients having atelectasis prior
to treatment, and in 37 (69.81%) patients without atelecta-
sis, exceeding the number reported by other authors, which
is probably due to the high incidence of squamous LC in
our region, as well as a high incidence of smokers among
LC patients. After EBB had been applied as a palliative
therapeutic procedure, either alone or combined with other
treatment modalities, 11 patients had atelectasis and 89
did not. This clinical response was statistically significant
(p = 0.022). Erickson et al. [12] reported a partial remis-
sion (atelectasis elimination) was achieved in 101 of their
188 examined patients, a minor response was registered
in 25/188, no response in 29/188, while 33/188 patients
developed progression in terms of atelectasis emerging in
cases where it was formerly absent. Evaluating the applied
treatment modalities, the best treatment response in terms
of atelectasis elimination was achieved by EBB combined
with a double-agent chemotherapy regimen and then by
the EBB and EBRT combined. Mantz et al. [13] reported
the best treatment response in terms of the local control
of the endobronchial disease applying the treatment regi-
men with EBB followed by EBRT combined (EBB total
dose 18 Gy in three fractions of 6 Gy in 4-7-day intervals

www.srpskiarhiv.rs ‘
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— the patients already treated with EBRT had a dose reduc-
tion to 50 Gy). However, the latest studies report that the
published evidence did not provide conclusive evidence to
recommend combined endobronchial and external-beam
radiotherapy, EBB over external-beam, chemotherapy and
neodymium-doped yttrium aluminum garnet laser treat-
ment [6].

EBB later caused the effect on airway recanalization and
also provides delayed spirometry improvement (forced
expiratory volume in one second, forced vital capacity),
pulmonary ventilation and perfusion and exercise toler-
ance of the five-minute walking distance [14]. A control
of the symptoms, i.e., their elimination or improvement,
is characteristic for all interventional airway recanaliza-
tion treatment procedures, including EBB as well. In our
study, analyzing the most common symptoms present at
the moment of establishing the diagnosis and then after
EBB alone or combined with other treatment modalities, a
statistically significant symptom alleviation was registered
for all the symptoms except cough. The presence of cough
as the disease symptom may be explained by a definite
damage of the tissue zones in the main airways, impossible
to be entirely revitalized by palliative EBB. Several authors
reported that a temporary dyspnea elimination may even
result in a prolonged suffering from the patients’ point of
view [15]. It is therefore necessary to establish whether
the patients’ QoL will be clearly improved, as well as the
survival benefit after interventional therapy in patients
with inoperable malignant CAO. Most studies investigated
dyspnea and performance status scores partially, but not
the overall QoL [16, 17]. Neither did we investigate the
QoL in our study, but we did investigate the performance
status, obtaining a statistically significant improvement
of our patients’ performance status after the treatment.

Our study focused on the patients’ survival related to
the presence and “loss” of atelectasis after EBB. Statistically
significant differences in the OS have been registered
among the examined groups, that is — the longest survival
was registered in the patients who had atelectasis prior to
but not after EBB, as well as among the patients free of at-
electasis either before or after EBB. In other studies which
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Bucokopao3Ha 6paxutepanuja Kog, y3HanpeaoBanor KapumHoma nayha — aHanmsa

npucycTea nayhHe atenekrtase

Mapko bojosuh'2, HeHcw Jlanuh'?, TatjaHa bowwkosuh?®, Mupocnas nuh'?, Onusepa MBaHos'?, JeneHa JlnumnHa'?,

bopucnasa Hukonun'?, Cangpo Kanembep'

'YHusep3uTet y HoBom Capy, MegnumHcku dakyntet, Hosu Cag, Cpbuja;

2/HcTUTYT 3a OHKonorujy BojsoguHe, Cpemcka Kamenuua, Cpbuja;

*WHcTuTyT 3a nnyhHe 6onectn BojsopuHe, Cpemcka Kamenunua, Cpbuja

CAXETAK

YBop/Lnmb JlokanHo y3Hanpegosanu KapuuHom nnyha
Ce YecTo Npe3eHTyje aTeNleKTa3oM jefHOT Aena Uiu Lesor
nnyhHor TKuBa.

Linb oBe cTyavje je fa ce yTBpAe yTrLaj BUCOKOJO3HE EHAO-
6poHxmjanHe 6paxuTtepanuje (HDR-EBB) Ha KBanuTeT >K1BOTa
6onecHuKa, Bpeme o nporpecuje 601ectu, Kao 1 YKyrnHO
npexvB/baBatbe Y OAHOCY Ha MPUCYCTBO/OACYCTBO aTeNeK-
Ta3e HaKOH TepanujcKor TpeTMmaHa.

Metoge Cryauja je obyxBatuna 100 6onecHrKa ca y3Han-
pefoBanvm KapuvMHomom niyha nnm metactasama neve-
Hux HDR-EBB Tokom 2017. rognHe. Kako 6u ce nocmatpasne
KIIVHUYKe KapaKTepurCTMKe, Bpeme o nporpecuje 6onectu
1 YKYMHO MpeXmnB/baBake, 6011eCHULM Cy CBPCTaHW Y YeTu-
pu rpyne y ogHOCY Ha MPUCYCTBO aTesieKTase npe v nocsie
HDR-EBB.

Pe3ynratm [Mocne camoctanHe HDR-EBB unn y kKomburHa-
LMju ca ApYrm HauHUMA nevyensa, yTBpheHo je ctatnctny-

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):696-701

KW 3HayajaHo nosJlayere BehrHe CMMNTOMa, OCMM Kalusba
(p < 0,05). CTaTMCTUYKM 3HaYajHO je NpoJy»>KeHO Bpeme A0
nporpecuje 6onectn Kop 6051eCHMKa KOA KOjUX je AOoLNOo
[0 NnoBrayetba ateneTkase HakoH TpeTMmaHa (p = 0,0284).
Hajoy»e yKynHo npexusrbaBame je 3abenexeHo Kog 6o-
NecHVIKa Kof, KOjuX ce Mocsie TpeTMaHa NoByKJ/a aTeneKkTasa
(p =0,0028), nn Koju HACY NManun aTeneKkTasy H1 Npe Hu
nocne TpeTmaHa.

3akrpyuak HDR-EBB je edukacaH TpeTmaH y nobosbluaky
KBasiMTeTa *KMBOTa 6osiecHrKa. HakoH camocTanHe 6pa-
Xutepanuje nnm KOM6MHOBaHe ca APYruM Tepanujckum
MOfJanuTeTMa yOUeHO je 3HauyajHo noBehame cTeneHa
aepaumje nnyha. MoBnayerbe atenektase HaKOH GpaxmTe-
panuje je fobap NPOrHOCTMYKN GaKTop, KOju AOBOAU A0
npoay»eHor BpemeHa 10 nporpecuje 601ectn 1 yKynHor
npexuBsbaBama.

KmyuHe peum: aTenieKktasa; 6paxutepanuja; KapuuHom
nnyha; Bpeme 6e3 nporpecuje; NpexnBibaBare
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SUMMARY

Introduction/Objective Coagulopathy induced by severe acute respiratory syndrome coronavirus 2
infection (SARS-CoV-2) can be an underlying cause of cerebral venous sinus thrombosis (CVST), a less
common type of stroke with a variable clinical presentation and high mortality rate. The objective of the
paper is to present a series of CVST cases associated with SARS-CoV-2 infection.

Methods This retrospective study evaluated clinical, laboratory and radiological presentations, risk fac-
tors, barriers to diagnosis, treatment and outcome of patients with SARS-CoV-2 infection-induced CVST.
Results The study comprised six patients diagnosed with COVID-19-induced CVST during an 18-month
period. The majority (66.7%) had no significant risk factors for developing CVST. The median time from
the initial COVID-19 diagnosis to the onset of neurologic deficit was seven days (interquartile range
0.5-7 days). Clinical presentation comprised non specific neurological symptoms: headache (83.3%) and
decreased consciousness (33.3%), together with elevated levels of D-dimer and inflammatory biomark-
ers. The transverse (n = 4, or 66.7%), superior sagittal sinuses (n = 3, or 50%) and sigmoid sinus (n = 2, or
33.3%) were most commonly affected. Five patients (83.3%) had minimal to no symptoms at discharge
(mRS < 2). In-hospital mortality in our current series was relatively high (16.7%).

Conclusion The high mortality rate of SARS-CoV-2-associated CVST urges clinicians to suspect CVST in
patients with a history of COVID-19 infection presenting with non-specific neurological symptoms in
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order to provide proper treatment and prevent complications.
Keywords: COVID-19 coagulopathy; anticoagulation; stroke

INTRODUCTION

Cerebral venous sinus thrombosis (CVST) is a
rare form of cerebrovascular incident (< 1%),
induced by partial or complete occlusion of
the dural venous sinuses and/or cerebral veins.
Contrary to arterial stroke, it is more frequent
in young adults, mostly affecting women [1].
Predisposing factors for CVST are numerous,
but CVST associated with SARS-CoV-2 infec-
tion is a less known entity with no identifiable
risk factors [2]. SARS-CoV-2 infection induc-
es hypercoagulable state, comprising elevated
D-dimer, fibrinogen level, fibrin/fibrinogen
degradation product, antiphospholipid anti-
bodies, and thrombocytopenia, which increases
the risk of thrombus formation within the du-
ral venous sinuses and/or cerebral veins [3, 4].
Clinical presentation varies, depending on the
affected venous sinus and/or cerebral veins,
presence of raised intracranial pressure (ICP)
or extensive parenchymal damage. Non-specific
clinical presentation of CVST urges clinicians
to raise clinical suspicion and proceed with
neuroradiological assessment. Management of

CVST is based on early diagnosis with identifi-
cation of thrombotic process, together with ur-
gent conservative and endovascular treatment.
Up to 80% of patients have a good outcome
with a complete recovery. However, the out-
come of a small proportion of patients (~13%)
is poor (death or severe disability) [2].

The objectives of the present paper were to
evaluate a case series of six patients regarding
past medical conditions, risk factors, clinical
and radiological presentation, barriers to di-
agnosis, treatment, and outcomes in COVID-
19-induced CVST patients.

METHODS

This was a single-center retrospective study
at an academic hospital: Emergency Center -
Clinical Centre of Vojvodina, Novi Sad, Serbia.
We extracted data on six CVST patients with
COVID-19 from the hospital information sys-
tem from March 6, 2020 to September 6, 2021.
The individual case data comprised the follow-
ing: patient demographics, comorbidities, risk



Cerebral venous sinus thrombosis associated with SARS-CoV-2 infection

factors, clinical presentations, National Institutes of Health
Stroke Scale (NIHSS), Glasgow Coma Scale (GCS) score
on admission and during the clinical course, location of
thrombosis and brain lesions (radiological presentation),
laboratory results (white cell count, absolute lymphocyte
count, platelets, prothrombin time (PT), activated partial
thromboplastin time (aPTT), C-reactive protein (CRP),
D-dimer, fibrinogen, lactate dehydrogenase (LDH), and
ferritin, treatment (anticoagulation, endovascular treat-
ment, or neurosurgery) and inpatient mortality. SARS-
CoV-2 infection was confirmed by the real-time reverse
transcriptase polymerase chain reaction assay.

The radiologic diagnosis of acute CVST was confirmed
by computerized tomography venogram (CTV) or mag-
netic resonance imaging (MRI) / magnetic resonance
venogram (MRV) studies.

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

RESULTS
Patient demographics

Six patients with confirmed SARS-CoV-2 infection de-
veloped CVST. Most of the patients were female (n =5,
or 83.3%), with an average age of 44.3 £ 10.5 years old
(Table 1).

CVST risk factors

Two patients (33.3%) had common risk factors for CVST
comprising an underlying pregnancy and malignancy. In
most patients (66.7%), no known risk factors for CVST
were identified.

Location of CVST

The most common localization of the thrombotic process
was in the transverse (n = 4, or 66.7%) and the superior
sagittal sinuses (n = 3, or 50%). CVST was also observed
in the sigmoid sinuses (n = 2, or 33.3%) and in the deep
venous structures (n = 1, or 16.7%). Half of our patients
(n =3, or 50%) developed central venous thrombosis in-
volving multiple cerebral venous sinuses. Bilateral cere-
bral venous sinus involvement was present in two patients
(33.3%), with the transverse sinuses being the most com-
monly involved (Table 2).

Intracranial hemorrhage was detected in one patient
(16.7%) upon repeated CT brain imaging.

Presenting neurological symptoms

The median time to CVST clinical presentation from the
initial COVID-19 diagnosis was seven days (interquartile
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Table 1. Patient demographics

Variable Value
Age (years, mean + SD) 443 +10.5
Sex —n (%)

Male 1(16.7%)
Female 5 (83.3%)

Table 2. Location of cerebral venous sinus thrombosis (computed
tomography / magnetic resonance venogram)

Location n (%)
Superior sagittal sinus 3(50%)
Transverse sinus 4 (66.7%)
Sigmoid sinus 2(33.3%)
Deep venous system 1(16.7%)
Bilateral 2 (33.3%)
Multiple cerebral venous sinuses 3 (50%)

range 0.5-7 days). Symptom occurrence was acute (< 48
hours) in 33.3% of the patients and subacute (> 48 hours
to 30 days) in 66.7% of the patients.

Headache of various intensity, as the most common
symptom of CVST, was identified in 83.3% of the patients.
It was the only early neurologic manifestation in 33.3% of
the patients. A CVST-associated headache was generally
persistent and had positive correlation to disease sever-
ity. Headache occurred in all locations of cerebral venous
occlusion, but was more pronounced in the sagittal sinus
or straight sinus thrombosis. The headache of CVST was
typically described as diffuse, progressive over time. The
characteristics of headaches were diverse (Table 3), being
unilateral or localized in 50% of the cases.

Focal neurological deficits occurred in three patients
(50%). Unlike arterial ischemic stroke or intracranial hem-
orrhage, focal neurological signs did not occur so suddenly.
The most common ones were presented as motor symp-
toms, followed by visual impairment and aphasia (Table 3).

Focal or generalized seizures occurred in two (33.3%)
patients. Generalized seizures occurred in one (16.7%) pa-
tient, and focal seizures (simple partial seizures without
generalization) in one (16.7%) patient (Table 3).

Altered consciousness, ranging from drowsiness to
coma, was observed in two (33.3%) patients with CVST.
Among patients with altered consciousness, one patient
had moderate (GCS 8-10 points) and one patient had se-
verely altered state of consciousness (GCS 3-7). Altered
consciousness in combination with headache, focal neuro-
logical deficits and neuropsychiatric manifestations (con-
fusion and amnesia) were most common in patients with
deep venous system thrombosis (Table 3).

Neuro-ophthalmological symptoms were papillede-
ma, loss of vision, and constriction of the visual field.
Papilledema was identified in 66.7% of the patients with
acute and subacute onset of the disease and was most often
associated with headache.

Multiple cranial nerve involvement (cranial nerve palsy)
occurred in one CVST patient (16.7%).

Psychosis in conjunction with focal neurological signs
occurred in one patient (16.7%).

www.srpskiarhiv.rs ‘
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Table 3. Presenting neurological symptoms of cerebral venous sinus thrombosis and location of lesion

Presenting symptoms Location of lesion n (%)

Headache 5 (83.3%)
Migraine Venous occlusion / focal lesion
Raised ICP Venous or sinus occlusion / large mass lesion
Thunderclap Venous occlusion / subarachnoid hemorrhage

Focal neurologic deficit 3 (50%)
Hemiparesis Infarction / hemorrhage / venous oedema
Aphasia

Sensory disturbance
Inattention/neglect

Focal infarction / hemorrhage / superficial or deep venous system

Cranial nerve palsy

I, 1V, V, VI Cavernous sinus
VI, VI Transverse/sigmoid sinus
IX, X, XI Posterior cavernous sinus / internal jugular vein / deep venous system
Decreased consciousness ‘ 2(33.3%)
Drowsiness, stupor, coma Deep venous system / straight sinus
Cognitive impairment ‘ 1(16.7%)

Encephalopathy, disorientation, reduced concentration,

Deep venous system / temporal-parietal lesion (vein of Labbe) / seizures

amnesia

Seizures | 2(333%)
Focal Focal infarction/hemorrhage
Generalized Focal infarction/hemorrhage / severely raised intracranial pressure

Visual disturbance

| 4(66.7%)

Reduced/altered visual field
diplopia, papilledema

Raised intracranial pressure
Posterior infarction/hemorrhage

Severity of COVID-19 infection
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Figure 1. Severity of COVID-19 infection (patients with cerebral venous

sinus thrombosis)

Severity of COVID-19 infection

Clinical presentations of the COVID-19 infection at the
time of admission to the hospital was classified accord-
ing to the World Health Organization guidelines into the
following five categories: asymptomatic, mild, moderate,
severe, and critical [5]. One patient (16.7%) presented with
a critical form of the disease. The remaining four patients
(83.3%) had asymptomatic to moderate disease (Figure 1).

Inflammatory biomarkers and coagulation studies

Inflammatory biomarkers such as CRP, ESR, ferritin, and

Table 4. Inflammatory biomarkers and coagulation studies
Variable Values
Inflammatory biomarkers
CRP 482 +51.1 mg/L
ESR 51+ 18.2 mm/hr
Ferritin 560.4 +191.3 ng/mL)
LDH 378.1 + 166.8 units/L
WBC counts 8.8 £+ 4.8 (thousand per uL)
Coagulation studies
D-dimer 4612+ 1121 ng/mL
aPTT 345+ 1415
PT 127+1.1s
INR 1.03+£0.1s
Platelets 220.6 +£112.9 x 10°/L

CRP - C-reactive protein; PT - prothrombin time; aPTT - activated partial
thromboplastin time; LDH - lactate dehydrogenase; ESR - erythrocyte
sedimentation rate; INR - international normalized ratio

Table 5. Treatment modalities

Treatment modality n (%)
Pharmacological treatment for COVID-19 6 (100%)
Therapeutic anticoagulation: LMWH and UFH 6 (100%)
Endovascular therapy (aspiration thrombectomy) 1(16.7%)
Decompressive hemicraniectomy 1(16.7%)
Anti-epileptic agents 2(33.3%)
Therapy for eIevatgd ir_\tracranial pressure: osmotic 5 (83.3%)
therapy, hyperventilation (pCO2 30-35 mmHg)

Steroids (COVID-19 infection indications) 3 (50%)

UFH - unfractionated heparin; LMWH - low-molecular-weight heparin

LDH were elevated in most patients. Leukocyte count
was not significantly elevated above the reference ranges.
D-dimer values were significantly elevated. Values of the
coagulation studies (aPTT, PT, INR and platelets) were

within normal limits (Table 4).

‘ DOI: https://doi.org/10.2298/SARH211004104N
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Treatment modalities

Therapeutic modalities with anticoagulant therapy, treat-
ment of Covid 19 infection, anticonvulsant medication
and intracranial hypertension management are shown in
Table 5. All patients received pharmacological treatment
for SARS-CoV-2 infection recommended by the guide-
lines (World Health Organization: COVID-19 Clinical
Management: Living guidance).

Outcomes

Objective quantification of the impairment caused by
CVST (GCS and NIHSS) and mean length of hospital stay
are shown in Table 6. Most patients (n = 5, or 83.3%) had
good outcome with minimal or no symptoms (mRS < 2)
(Table 6). One patient with CVST and the risk factors of
older age (> 50 years old), male sex, coma, mental status
disorder, hemorrhage on admission CT scan, status epi-
lepticus, deep CVST thrombosis, multiple involved venous
sinuses, and severe to critical form of COVID-19 infection,
did not respond to treatment and had a poor outcome.

Table 6. Patient outcomes

Outcomes Value
Death, n (%) 1(16.7%)
Discharged home (mRS)* < 2, n (%) 4 (83.3%)
Mean length of hospital stay, days 17.2+£128
GCS (CVST diagnosis), median (IQR) 14 (12-15)
NIHSS (CVST diagnosis), median (IQR) 15 (7-15.5)
Days to clinical presentation of CVST, median (IQR) 1(0-13)

GCS - Glasgow Coma Scale; CVST - cerebral venous sinus thrombosis;
NIHSS - National Institutes of Health Stroke Scale; IQR - interquartile range

DISCUSSION

CVST associated with SARS-CoV-2 infection is a rare
event, but it occurs 30-60 times more frequently compared
to the non-COVID-19 population [6].

In our study, combination of CSVT and COVID-19
more frequently affected women (83.3%), alike the general
population [7]. It occurs predominantly in young popula-
tion, which was confirmed in our study, where the average
age was 44.3 + 10.5 years old.

Standard risk factors for CVST were not identified in
most patients in our study (66.7%), which is in compliance
with previous series (74%) [8].

Clinical presentation of CVST is not specific, based on
the number and the localization of brain sinuses and veins,
time of onset, adaptive mechanisms (collateral venous
network), and the severity of brain parenchymal damage.
Signs and symptoms comprise headaches (> 80%), sei-
zures (~40%), hemiparesis (~40%), altered consciousness
(15-20%), and papilledema (20-30%). The onset of symp-
toms was acute to subacute in about 80% of patients with
CVST. As stated in the references, in our series, median
time from clinical presentation to diagnosis of CVST was
seven days [9]. Arterial stroke is not strongly associated
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with headache (25-30%), therefore severe headache in
combination with stroke-like symptoms should draw at-
tention to CVST. Seizures also occur more frequently in
CVST than in the arterial stroke (40% vs. 6%). Focal neuro-
logical symptoms and signs are common. Rapid cognitive
deterioration leading to drowsiness or coma is a typical
clinical presentation of deep venous thrombosis associated
with thalamic infarction [10].

Clinical presentation of SARS-CoV-2 infection was mild
to moderate in most of our patients (83.3%). Therefore, the
gravity of SARS-CoV-2 infection is not closely related to
the gravity of CVST , which was also confirmed by other
authors [11].

Radiological investigation is important for the diagno-
sis of CVST. Non-enhanced brain CT scan can confirm
CVST in about 1/3 of the patients, based on hyperdensity
within the venous sinus or the deep vein (dense triangle
sign or the cord sign) [12]. CT can also detect ischemia,
parenchymal or subarachnoid hemorrhage, or edema. CT
venography has high sensitivity and specificity ( 95% and
91%). It identifies non-enhancement in thrombosed si-
nuses and veins and partial circumferential enhancement
of thrombosed venous sinuses (empty delta sign) [13].

MRI and magnetic resonance venography (MRV) have
higher diagnostic accuracy due to superior resolution and
tissue characterization [14]. Additional value of MRV is the
capability of confirming sinus thrombosis without admin-
istration of a contrast agent [15]. MRI is superior to other
techniques in terms of parenchymal assessment involve-
ment (ischemia, hemorrhage, oedema). Indications for
digital subtraction angiography are inconclusive CTV or
MRV findings, or suspected dural arteriovenous fistula [2].

The transverse sinus and the superior sagittal sinus are
most commonly affected by CVST. Another typical finding
is multiple vessels’ thrombosis involvement, with a trans-
verse sinus predominance [2]. “Deep” venous system affec-
tion leads to a poor overall prognosis and high mortality
[10]. One of our patients (16.7%) had intracranial hemor-
rhage, identified by a follow-up CT brain scan. Findings of
intracerebral hemorrhage in SARS-CoV-2 patients could
indicate potential CVST.

SARS-CoV-2 is an underlying cause of a systemic
inflammatory reaction, confirmed by our data on high lev-
els of inflammatory biomarkers (ESR, CRP, ferritin, LDH)
[16]. Extreme elevation of D-dimer confirms the assump-
tion that COVID-19 infection may be related to systemic
prothrombotic state [17]. In mild cases of CVST, D-dimer
level can be normal, but it has a high negative predictive
value for excluding CVST in patients with isolated headache.
In general, no laboratory analysis can exclude CVST [18].

Treatment of CVST should be aimed at controlling the
thrombotic process using anticoagulant therapy/endo-
vascular procedures, treatment of the underlying cause
(SARS-CoV-2 infection) and identified risk factors, seizure
therapy, and treatment of intracranial hypertension.

Therapeutic doses of anticoagulant therapy should be
administered as the basic treatment of CVST, regardless of
the presence of intracranial hemorrhage [19]. In systemic
VTE, studies suggest that low molecular-weight heparins
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(LMWH) have shown better effectiveness compared to un-
fractionated heparins for the prevention of the thrombotic
process progression with a lower risk of bleeding complica-
tions [20, 21]. After initial treatment with LMWH, long-
term administration of vitamin K antagonists (warfarin)
should be used to continue anticoagulant CVST therapy.
Recommended durations of the chronic oral anticoagulant
treatment are 3—6 months in provoked CVST, 6-12 months
in unprovoked CVST, and potentially lifelong in recurrent
CVST, CVST associated with venous thromboembolism,
or CVST associated with thrombophilia [2].

The most common cause of death in patients with
CVST is transtentorial herniation due to raised ICP [9].
Management of elevated ICP comprises osmotic therapy
(mannitol), hyperventilation (pCO, 30-35 mmHg) and
head elevation. Carbonic anhydrase inhibitors (acetazol-
amide) could be useful in patients with severe headaches or
visual impairment [2]. Decompressive craniectomy allows
the swollen brain to expand and could favor collateral vein
drainage in CVST by reducing ICP [22]. Steroid use is not
recommended as it is associated with a poorer prognosis
in CVST, even if a parenchymal brain lesion is present,
unless the presence of the underlying condition, such as
COVID-19 infection, require its administration [23].

Indications for endovascular treatment (endovascular
thrombolysis or mechanical thrombectomy) are progres-
sion of the thrombotic process despite the use of antico-
agulant therapy, clinical progression of the disease despite
the use of anticoagulant therapy, and in patients with con-
traindications for the anticoagulant therapy [24].

Antiepileptics are prescribed to control seizures and
should not be used routinely for prophylactic purposes
[2]. There is no evidence on the optimal duration of the
treatment. For seizures associated with oedema, infarction,
or hemorrhage, the treatment should be continued for at
least one year [25].

In-hospital mortality in our current series was rela-
tively high (16.7%), similar to data from previous studies

REFERENCES

1. Field TS, Hill MD. Cerebral Venous Thrombosis. Stroke.
2019;50(6):1598-604.

2. Ferro JM, Bousser MG, Canhao P, Coutinho JM, Crassard |,

Dentali F, et al; European Stroke Organization. European
Stroke Organization guideline for the diagnosis and treatment
of cerebral venous thrombosis — endorsed by the European
Academy of Neurology. Eur J Neurol. 2017;24(10):1203-13.

3. TangN, Li D, Wang X, Sun Z. Abnormal coagulation parameters are
associated with poor prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost. 2020;18(4):844-7.

4. LeviM, Thachil J, IbaT, Levy JH. Coagulation abnormalities
and thrombosis in patients with COVID-19. Lancet Haematol.
2020;7(6):e438-e440.

5. World Health Organization. Clinical management of COVID-19
interim guidance [Internet] World Health Organization, Geneva,
Switzerland (2020). Available from: https://www.who.int/
publications-detail/clinical-management-of-severe-acute-
respiratory-infection-when-novel-coronavirus-(ncov)-infection-is-
suspected

6.  Siegler JE, Cardona P, Arenillas JF, Talavera B, Guillen AN,
Chavarria-Miranda A, et al. Cerebrovascular events and outcomes
in hospitalized patients with COVID-19: The SVIN COVID-19
Multinational Registry. Int J Stroke. 2021;16(4):437-47.

DOI: https://doi.org/10.2298/SARH211004104N

Nikoli¢ D. et al.

[26, 27]. Mortality rate is significantly higher compared
to non-COVID-19 CVST populations (2-8%), suggest-
ing that COVID-19 CVST patients have a poorer prog-
nosis [28]. Factors predictive of poor prognosis include
the following: older age (> 40 years old), male sex, coma,
mental status disorder, hemorrhage on admission CT
scan, status epilepticus, deep CVST thrombosis, multiple
involved venous sinuses, and severe to critical form of the
COVID-19 infection. Approximately 80% of the patients
have good prognosis (mRS of 0-1), but they usually have
consequences in the form of symptoms of depression or
anxiety that affect their work ability [11].

Limitations of this study are related to the small statisti-
cal sample, which is a reflection of the small number of
patients with COVID-19 infection-associated CVST. Given
the rapidly growing number of patients with COVID-19
infection worldwide and the severity of CVST as a com-
plication, it is crucial to define their correlation, clinical
manifestations, diagnostic-therapeutic protocols, and treat-
ment outcome. Available studies show great diversity in
study design, imaging methods, reference standard, patient
selection, and sample size, thus they are not feasibly com-
parable. Larger studies are needed to define more reliable
conclusion about this significant health problem.

CONCLUSION

The high mortality rate and significant disability of the
most productive population with COVID-19 infection-
associated CVST obliges a high index of CVST suspicion
in patients with even mild COVID-19 infection with non-
specific neurological symptoms, to ensure early diagnosis,
application of the most effective individually tailored treat-
ment, and to prevent complications.

Conflicts of interest: None declared.

7.  Garapati RM, Satyanarayana P, Sravani GS. Cerebral Venous
Thrombosis in Women. J Assoc Physicians India. 2020;68(1):60.

8.  Dakay K, Cooper J, Bloomfield J, Overby P, Mayer SA, Nuoman R,
et al. Cerebral Venous Sinus Thrombosis in COVID-19 Infection: A
Case Series and Review of The Literature. J Stroke Cerebrovasc Dis.
2021;30(1):105434.

9.  Ghosh R, Roy D, Mandal A, Pal SK, Chandra Swaika B, Naga D, et al.
Cerebral venous thrombosis in COVID-19. Diabetes Metab Syndr.
2021;15(3):1039-45.

10.  Kristoffersen ES, Harper CE, Vetvik KG, Faiz KW. Cerebral venous
thrombosis — epidemiology, diagnosis and treatment. Tidsskr Nor
Laegeforen. 2018;138(12). [Article in English, Norwegian]

11. BaldiniT, Asioli GM, Romoli M, Carvalho Dias M, Schulte EC, Hauer
L, et al. Cerebral venous thrombosis and severe acute respiratory
syndrome coronavirus-2 infection: A systematic review and meta-
analysis. Eur J Neurol. 2021;28(10):3478-90.

12.  Ghoneim A, Straiton J, Pollard C, Macdonald K, Jampana
R.Imaging of cerebral venous thrombosis. Clin Radiol.
2020;75(4):254-64.

13.  Chatterjee S, Sharma CB, Guria RT, Dubey S, J Lavie C. Cerebral
venous sinus thrombosis-A primer for emergency physician. J
Family Med Prim Care. 2020;9(4):2107-10.

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):702-707



Cerebral venous sinus thrombosis associated with SARS-CoV-2 infection

14.  Dmytriw AA, Song JSA, Yu E, Poon CS. Cerebral venous
thrombosis: state of the art diagnosis and management.

707

for the initial treatment of venous thromboembolism. Cochrane
Database Syst Rev. 2017;2(2):CD001100.

Neuroradiology. 2018;60(7):669-85. 21.  Kow CS, Zaihan AF, Hasan SS. Anticoagulant approach in

15.  XuW, Gao L, Li T, Ramdoyal ND, Zhang J, Shao A. The Performance COVID-19 patients with cerebral venous thrombosis. J Stroke
of CT versus MRI in the Differential Diagnosis of Cerebral Venous Cerebrovasc Dis. 2020;29(12):105222.

Thrombosis. Thromb Haemost. 2018;118(6):1067-77. 22. Hirosawa T, Shiinoki M, Shimizu T. Cerebral Venous Thrombosis.

16.  Zhang ZL, Hou YL, Li DT, Li FZ. Laboratory findings of COVID-19: Am J Med Sci. 2019;358(1):e3.

a systematic review and meta-analysis. Scand J Clin Lab Invest. 23.  Silvis SM, de Sousa DA, Ferro JM, Coutinho JM. Cerebral venous
2020;80(6):441-7. thrombosis. Nat Rev Neurol. 2017;13(9):555-65.

17. Spiezia L, Boscolo A, Poletto F, Cerruti L, Tiberio |, Campello E, et al. 24, Coutinho JM, Zuurbier SM, Bousser MG, Ji X, Canhéo P, Roos YB, et
COVID-19-Related Severe Hypercoagulability in Patients Admitted al. Effect of Endovascular Treatment With Medical Management vs
to Intensive Care Unit for Acute Respiratory Failure. Thromb Standard Care on Severe Cerebral Venous Thrombosis: The TO-ACT
Haemost. 2020;120(6):998-1000. Randomized Clinical Trial. JAMA Neurol. 2020;77(8):966-73.

18. Heldner MR, Zuurbier SM, Li B, Von Martial R, Meijers JCM, 25. lIdiculla PS, Gurala D, Palanisamy M, Vijayakumar R, Dhandapani
Zimmermann R, et al. Prediction of cerebral venous thrombosis S, Nagarajan E. Cerebral Venous Thrombosis: A Comprehensive
with a new clinical score and D-dimer levels. Neurology. Review. Eur Neurol. 2020;83(4):369-79.
2020;95(7):e898-e909. 26. Hughes C, Nichols T, Pike M, Subbe C, Elghenzai S. Cerebral Venous

19. UliviL, Squitieri M, Cohen H, Cowley P, Werring DJ. Cerebral Sinus Thrombosis as a Presentation of COVID-19. Eur J Case Rep
venous thrombosis: a practical guide. Pract Neurol. Intern Med. 2020;7(5):001691.
2020;20(5):356-67. 27. GaraciF, Di Giuliano F, Picchi E, Da Ros V, Floris R. Venous cerebral

20. Robertson L, Jones LE. Fixed dose subcutaneous low molecular thrombosis in COVID-19 patient. J Neurol Sci. 2020;414:116871.
weight heparins versus adjusted dose unfractionated heparin 28. Ferro JM, Aguiar de Sousa D. Cerebral Venous Thrombosis: an

Update. Curr Neurol Neurosci Rep. 2019;19(10):74.

Tpomb03a LepebpanHmx BEHCKMX CMHYCa NoBe3aHa ca MHeKuujom SARS-CoV-2

[Iparan Hukonuh'? MapwujaHa bacTa-Hukonuh'3, Bnagnmnp Manojnosuh'#, Xemko Mneanosuh'?, Catba Buuikosuh'®,

BukTop Tnn'?

'YHuBep3utet y Hosom Capy, MeguunHcku dakyntet, Hosu Cag, Cpbuja;

2KnuHnuky LeHTap Bojsogute, YprentHu uentap, Hosu Cap, Cpbuja;

*KnuHnukn yeHTap BojsoauHe, LienTap 3a paguonorujy, Hosn Cag, Cp6uja;

“KnuHunukm LenTap BojBoanHe, KnuHuka 3a BackynapHy v eHgosackynapHy xupyprujy, Hosu Cag, Cpbuja;
SKnuHuukm yeHTap BojsoguHe, KnuHuka 3a Heyponorujy, Hosu Cag, Cpbuja;

(KnuHnyky LeHTap BojeoauHe, KnuHuka 3a aHecTesujy 1 nHTeH3uBHy Tepanujy, Hosu Cag, Cpbuja

CAXETAK

YBog/LUnm BupycHom nndekunjom CAPC KopoHa 2 (SARS-
CoV/-2) nHpyKoBaHa KoaryJsornartija MoXe J0BeCTU A0 TPOMOOT-
CKUX KOMMN/MKaLyja Kao LWTO je TPOM603a MOXAaHNX BEHCKMX
cunHyca (TMBC), pehy Tun moXpaaHor yaapa ca pasnnyuntom
KNVHWYKOM Mpe3eHTaLjoM 1 BUCOKOM CTONOM CMPTHOCTU.
Linsb papa je npeseHTaumja cepuje cnyyajeBa TMBC noBesaHmx
ca nHoekumjom SARS-CoV-2.

MeTtope OBOM peTPOCNEKTUBHOM CTYAMjOM eBanynpaHu cy
KNMHWYKa, Nnabopatopujcka 1 pafnonoLLKa npeseHTauyja, Gak-
TOPU PU3KKa, NPO6IEMY Y ANjarHOCTMLIM, TPETMAHY 1 NCXOAY
o6onenvx og TMBC ynpy»xeHux ca uHpekumjom SARS-CoV-2.
Pesyntatu Cryauja je obyxsaTuna wect 6onecHmKa Ko Kojux
je Tokom nepmropa of 18 meceun gnjarHoctukoBaHa TMBC
yapyxeHa ca nHoekumjom SARS-CoV-2. BehuHa ncnutaxu-
Ka (66,7%) Huje nMana 3HavajHe dpaKkTope pu3mKa 3a pasBoj
TMBC. MNpoceyHo BpeMe jaBbaka HeyposowWwKor aeduunTa

ofi UHVUMjanHe AnjarHose nHdekymnje kosugom 19 6uno je
ceflam faHa (MHTepkBapTunHK oncer 0,5-7 faHa). bonecHnum
Cy VManu HecrneupuyHe HeypOooLLIKe CUMITOME Kao LUTO Cy
rnaBo6osba (83,3%) n nopemehaj ceect (33,3%), y3 noBuLIeH
HVBO [I-avmepa 1 nHdnamatopHux buomapkepa. Hajuewha
nokanusaumja Tpombo3e 6una je TpaHcBep3anHu (n =4 nnm
66,7%), roptbu carutanHu cuHyc (n = 3 nnm 50%) n curmongHm
cnnyc (n = 2 nnm 33,3%). Met 6onecHnKa (83,3%) oTNyLITEHO je
Kyhy ca MUHMManHUM cmnToMyma nnu 6e3 wix. MoptanuTtet
Yy Halloj cepuju je 61o penatrBHO BUCOK (16,7%).

3aksbyyak Bucok moptanutet 6onecHuka ca TMBC kop nHbek-
Luje BUpycom KoBug 19 3axTeBa BENMKY OMpe3 Ha NPUCyCcTBO
TMBC kop ob6onenux ca HecrneumdUUYHIM HeypPOOLLKAM CAMI-
TOMUMa, Y /by aieKBaTHOT TepPanujcKor TpeTMaHa 1 NpeBeH-
Lnje Komnankaumja.

KrbyuHe peun: koBug 19 Koarynonatuja; aHTUKoarynaHTHa
Tepanuja; MoXAaHu yaap
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SUMMARY

Introduction Osteogenesis imperfecta is a rare heritable connective tissue disorder characterized by
increased fragility of the bony tissue. The incidence of orofacial alterations associated with osteogenesis
imperfecta is variable and includes dentinogenesis imperfecta, malocclusions, hypoplasia of the jaws,
delayed dental development and structural abnormalities of the teeth.

Case outline A 22-year-old female was referred to the Clinic for Pediatric and Preventive Dentistry for
dental treatment. Enlarged head, triangular-shaped face, mandibular prognathism with excessive maxillary
hypoplasia, lowered vertical occlusal dimension were present features. The intraoral findings included
dentinogenesis imperfecta with Kennedy’s class IV in the upper jaw and class Il in the lower jaw. Pan-
oramic radiograph revealed abnormalities in the crown and root shape, obliteration of the pulp chamber
and severe deficiency of alveolar bone mass. Overall treatment involved five phases: | - preventive and
prophylactic treatment, Il - direct restauration of five teeth with glass ionomer cement, Ill - extraction
of severely damaged teeth, IV - prosthodontic rehabilitation with removable partial dentures, V — main-
tenance and follow-up phase.

Conclusion Low prevalence and wide variety of signs and symptoms make dental treatment of osteo-
genesis imperfecta overly complex and challenging. Nevertheless, it is essential to improve craniofacial
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and dental function along with facial aesthetic.

Keywords: osteogenesis imperfecta; rare diseases; dentinogenesis imperfecta; partial dentures

INTRODUCTION

Osteogenesis imperfecta (Ol) is a rare hetero-
geneous group of connective tissue disorders
characterized by increased fragility of the bony
tissue.[1] Its estimated frequency in the gen-
eral population is about 1 in 15,000 to 20,000
newborns [2, 3]. Most patients have dominant
mutations in one of two genes, COLIAI and
COL1A2, which code the collagen type I syn-
thesis [4, 5]. The genetic database has been
updated with 18 gene mutations reported in
a recent review [6]. These mutations lead to
quantitative or qualitative changes in type I
collagen, the substantial structural protein of
bone and dentin. Consequently, the quality of
the osseus tissue is reduced and bones are more
fragile and prone to fractures. These multiple
fractures could follow minor trauma or some-
times occur spontaneously [7]. In addition to
numerous fractures, patients might display
short stature, hearing impairment, blue sclera,
skeletal deformities that affect craniofacial
structures such as triangular facial form, large
head size and soft calvaria [8]. The incidence
of orofacial alterations associated with OI is
variable and includes dentinogenesis imper-
fecta (DI), maxillary hypoplasia, skeletal class
III deformity, crossbite, open bite, hypodontia/
oligodontia and delayed dental development
[9, 10, 11]. Malocclusions can impair daily

activities, such as chewing and speaking, which
has negative impact on the quality of life and
serious psychological and social implications
[12]. Also, affected teeth might have crowns
with a bulbous structure, constriction in the
cementoenamel junction, irregular root mor-
phology, enlarged pulp chamber as well as pulp
stones and obliterations [13, 14].

OI has diverse clinical expression, varying
from very mild to severe with perinatal lethal-
ity [15]. Based on clinical findings, Forlino
and Marini [16] and Basel and Steiner [17]
described four types of OI and since than its
classification has been continuously updated
(Table 1).

To our knowledge, there are not many cases
of prosthodontic rehabilitation of younger pa-
tients with OI reported in the literature. This
rare disease is complex and requires multidis-
ciplinary approach and medical expertise. The
aim of this study was to present rare case of a
patient with severe deforming type of OI and
its dental treatment.

CASE REPORT

A 22-year-old female was referred to the Clinic
for Pediatric and Preventive Dentistry, School
of Dental Medicine, University of Belgrade
for dental treatment. She had been diagnosed
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Table 1. Classification of osteogenesis imperfecta

Type | Inheritance Gene Clinical feature
| AD COL1A1,COL1A2 |Blues sclera, normal stature, fractures, hearing loss, presence of Dl rare
I AD COL1AT, COLIA2 Eennatalulethgl., blye-grey sclera,.small for gestational age, respiratory distress, limb deformities,
frog leg” positioning, soft calvarium
" AD COL1AT, COLIA2 Severe phenotype, shgrt stature, multiple fractures, progressive deformities, may have DI,
adolescent onset hearing loss
\% AD COL1A1,COL1A2 | Milder than Ol lll, typically ambulatory, DI is common, adult-onset hearing loss, normal-grey sclera
v AD Mild to moderate, calcification of the interosseus membrane, radial head dislocation, hyperplastic
callous formation
Vi AR SEFPINF1 Dl absent, like type Il
VI AR CRTAP Overlap with types Il and Ill, milder forms also documented
Vil AR LEPRET Overlap with types Il and I, milder forms also documented

AD - autosomal dominant; DI - dentinogenesis imperfecta; AR — autosomal recessive; CRTAP - cartilage-associated protein

with OI two days after birth. Postnatal skull radiography
revealed constitutional bone fragility and decreased min-
eralization and radiograph of the upper limbs showed left
ulnar fracture with present mild angulation. Further ex-
aminations indicated that it was OI type IIL

Her medical history revealed that she had multiple frac-
tures of the upper and lower extremities during childhood,
as well as skeletal deformities and bisphosphonate treat-
ment. She had common craniofacial features including
bluish sclera, disproportionally enlarged head compared
to the body, triangular-shaped face, spine deformity.

Clinical and radiographic examinations were performed
to obtain a comprehensive evaluation of the maxilloman-
dibular complex. Mandibular prognathism with excessive
maxillary hypoplasia was noted. The facial appearance was
irregular with disproportionate inferior third, and com-
pression of the middle third. Consequently, vertical oc-
clusal dimension was lowered.

The intraoral examination revealed DI. In the upper
jaw, the frontal segment was edentulous and in posterior
segments the existing teeth had caries lesions and direct
restorations. In the lower jaw, lateral incisors, canines, left
first premolar and right second molar were present and
had brown opalescent hue. Furthermore, gingival reces-
sion was found in the buccal region of both lower lateral
incisors, and the rest of her teeth showed excessive incli-
nation of the crown and rotation. Posterior segments of
alveolar mandibular ridge were underdeveloped and thin
(Figure 1).

Panoramic radiograph was evaluated regarding abnor-
malities in crown and root shape, anomalies od pulp cham-
ber and structure of the jaws. In both maxilla and man-
dible, severe deficiency of alveolar bone mass was present.
Affected teeth had bulbous shaped crowns with constricted
cementoenamel junction, short roots, and complete oblit-
eration of the pulp chamber (Figure 2).

Considering the patient’s medical history and complex-
ity of the condition, a therapy was based on minimally
invasive dental procedures with minor trauma. The pa-
tient’s expectations were analyzed, and various treatment
options were discussed. Overall treatment involved five
phases: I - preventive and prophylactic treatment, II - di-
rect restorations of teeth 14, 15, 17, 24, 25, 26 with glass
ionomer cement, III - extraction of teeth 23, 27, 47 under
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Figure 1. Clinical examination; intraoral photographs of the: a - maxil-
lary, b — mandibular arch

Figure 2. Radiographic evaluation: panoramic view showing irregular
crown and root morphology of the present teeth; teeth with caries
lesions and lower right second molar with periradicular radiolucency
and a large loss of the crown; a residual root in the region of the up-
per left lateral incisor; deficiency of alveolar bone mass in both jaws

local anesthesia, IV - prosthodontic rehabilitation with
removable partial dentures, V — maintenance and follow-
up phase.

Prosthodontic rehabilitation of the patient started after
extraction wounds had healed. Preliminary impressions
were made for both arches using irreversible hydrocol-
loid impression material and study casts were obtained.
Custom trays were made and used for definitive impres-
sions. Occlusal rims were fabricated on the final casts and
used to record maxillo-mandibular relationships. Adequate
function, patient’s facial characteristics and aesthetic and
muscular tolerance were evaluated to determine the opti-
mal vertical occlusal dimension. The waxed-up dentures
were placed and evaluated in the mouth of the patient.
After this phase, the dentures were finished, polished and
after occlusal adjustment they were delivered to the patient
(Figures 3 and 4). Also, she was trained how to maintain

www.srpskiarhiv.rs ‘

709



710

Figure 3. Maxillary and mandibular partial removable dentures

proper oral and denture hygiene. An appointment was
scheduled after a week for final adjustments and, after that,
she was examined after three, six, and 12 months. She was
satisfied with the functional improvement and with the
aesthetic outcome of the treatment (Figure 5). The remov-
able partial dentures did not need realignment after a year.

The present work was approved by competent ethics
committee and conforms to the legal standards. Written
informed consent for participation and publication, includ-
ing clinical details and accompanying images, was obtained
from the patient.

DISCUSSION

Ol is a rare disease in which all parts of the body con-
taining collagen type I can be affected, including skeletal
system, dentin, dermis, tendons, organ capsules, fascia,
meninges, cornea and sclera [18]. Literature data suggests
that craniofacial and dental abnormalities are common
findings [14, 19, 20]. The diagnostic procedure involves
analysis of complete medical and family history, clinical
examination and dental radiography. Previous studies sug-
gested that multidisciplinary approach was needed to en-
sure accurate diagnosis and adequate treatment procedures
[21]. Furthermore, dental team should include a pediatric
dentist, a prosthodontist, a periodontist, an oral surgeon
and an orthodontist.

‘ DOI: https://doi.org/10.2298/SARH210722083M
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Figure 4. Intraoral photographs with adjusted partial dentures of the
a - maxillary, b - mandibular arch

Figure 5. a - initial extraoral profile view, mandibular prognathism
with maxillary hypoplasia; b - facial appearance after prosthodon-
tic rehabilitation and restored vertical occlusal dimension; ¢ - labial
philtrum and upper lip before the prosthodontic treatment; d —after
the treatment

Authors stated that OI type III was the most severe
form in children which survive the neonatal period [16,
22]. These patients, along with OI type IV, require special
dental care from the primary dentition [21]. Malocclusions
are frequent finding in OI patients, especially class III [8,
23]. The malocclusions are caused by maxillary hypoplasia,
mandibular prognathism or a combination of both fac-
tors. In addition, abnormal bone growth, posture, head
size might be contributing factors to the development of
malocclusions, which may become more serious with time
[20]. Malocclusions can impair everyday activities such
as chewing and speaking and consequently have negative
impact on the quality of life, which was one of the main
concerns of our patient [12, 24].

Another manifestation is DI which prevalence varies
by OI type, from 21% to 73%, as reported in literature
[13]. Bulbous crowns, short roots, obliteration of the pulp
chamber, as seen in our patient, can compromise some
dental procedures [25].

Intravenous bisphosphonates (BPs) are the primary
treatment of children with moderate to severe OI. The
main mechanism of their action is inhibition of osteoclast
function and bone resorption. The effect of BPs therapy on
the dental tissues is still unclear [26]. One of the concerns
is development of bisphosphonate related osteonecrosis of
the jaws following simple teeth extractions [25]. Studies
reported that no complications had been observed after
extractions of the primary teeth in children with BPs treat-
ment [21, 27]. In the present case report, the patient did
not have any complications in the healing process after
extraction of the permanent teeth.
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Oral manifestations and rehabilitation of a patient with osteogenesis imperfecta

Individuals with OI have disturbances in organic and
mineral bone components and altered biomechanical char-
acteristics resulting in brittleness of bones. Moreover, it
is followed by insufficient amount of bone, the cortical
thickness and decreased amount of trabecular bone [28].
Malmgren et al. [14] reported that individuals with OI had
a high prevalence of missing teeth, with a predilection for
the posterior regions of the jaws. Panoramic radiograph
of our patient revealed underdeveloped upper and lower
jaw. Additionally, she has multiple teeth missing and con-
sequently unpreserved vertical occlusal dimension which
made normal functioning, especially eating, exceedingly
difficult. To establish physiological function, preserve
alveolar bone and achieve acceptable facial aesthetic, we
carefully planned rehabilitation of the orofacial system [1].
Severe type of OI, combined with potential complications
and patients’ rejection of orthognathic surgical procedure,
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based the therapeutic strategy on minimally invasive treat-
ment. Due to our patients’ lower financial status, it was
determined that the therapy included partial dentures was
the best option.

The dental management of OI patient primarily de-

pends on medical history, patient’s age and needs, so-
cial and economic circumstances. The low prevalence
and wide variety of signs and symptoms of OI, make the
dental procedure complex and challenging. All present
limitations and possible complications must be taken into
consideration. However, the main goal is to improve cra-
niofacial and dental function along with facial aesthetic.
In this case report, functional and aesthetic rehabilitation
was achieved, and the patient was successfully adapted to
partial dentures.
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OpanHe maHudectaumje u pexabunutauymja naymjeHta ca 6onewhy osteogenesis

imperfecta

Munena MunaHosuh', Munoww benonua', Onuepa Josnunh', 3opaH MaHanHuh', bojaH Jatbuh?, Jenena Jynocku'

'YHuBep3utet y beorpapy, CromatonoLuku dakyntet, KnuHnka 3a fevjy 1 npeBeHTUBHY ctomatonorujy, beorpag, Cpbuja;
2Ynueepautet y beorpagy, CromaTonolwku dakynteT, KnuHika 3a opanHy xupyprujy, beorpag, Cpbuja

CAMXETAK

YBop Osteogenesis imperfecta npefcTaB/ba PETKO, HaC/IeAHO
060sberbe BE3VBHOT TKUBA KOje KapakTepuLly KPXKe KOCTu
CKJIOHe GpaKTypama v NPOrpecnBHY KowWwTaHn AedbopmmTeTy.
Heke of opodaumjanHux maHndecTtauumja cy dentinogenesis
imperfecta, manokny3suje, xunonnaswja BAIMLA, 3akacHenn
pa3Boj 3yba v CTPYKTypHe aHomanuje 3y6a.

Mpuka3s 6onecHuKa [BafeceTaBoroayiutba 60necHLa je MMa-
Na KapaKTepucTnyHe npomeHe: yehaHy rnasy, Tpoyriact 06-
NVK LA, MaHAUOYNapHM NPOrHaTM3am ca U3pakeHoM XUnon-
Na3njoM ropke BUAMLIE U CHIPKEHOM BEPTUKaNHOM AVMEH3jOM
okny3uje. KnuHnukum npernegom ytepheHa je dentinogenesis
imperfecta, a Ha opTonaHTOMOrpamy youeHe cy aHoManuje 06-

DOI: https://doi.org/10.2298/SARH210722083M

NMKa KpYHWLe 1 KopeHa 3y6a, obnuTepalmja nynnHe Komope
1 HefloCTaTaK afBeonlapHe KoluTaHe Mace. Pexabunutayuja je
006yxBaTnna Hekonvko dasa: 1 — NpeBeHTUBHE 1 NPodUNaKkTy-
Ke Mepe; 2 — pecTaypaLja KapujecHNX ne3unja; 3 — eKcTpakLumja
3y6a; 4 — npoTeTCcKa pexabunuTaLyja; 5 — KOHTPOHW Nperneau.
3aksbyvak CTOMaTONOLKY TPETMaH OBOT KOMIMIEKCHOT PETKOT
o60sbetba 3axTeBa fleTarbHy aHanusy 1 MynTUANCLMNAVHAPHN
NpYCTyn Kako 6 ce nocturna pexabunuraumja opanHux GyHK-
umja, noborsbliana ecteTrka NMLa, a TME 1 KBaNIUTET KM1BOTa
nauujeHara.

KmbyuHe peun: osteogenesis imperfecta; petke 6onectu; denti-
nogenesis imperfecta; napuujanHe npoTese

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):708-712



DOI: https://doi.org/10.2298/SARH210507067B

UDC: 616-008.9:546.33; 616.432-07

CASE REPORT / MPUKA3 BOJNIECHUKA

Forgotten cause of severe hyponatremia
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SUMMARY

Introduction Sheehan syndrome is (pan)hypopituitarism because of postpartum pituitary infarction
due to massive obstetrical hemorrhage. Enlargement of the pituitary gland, smaller sellar region, dis-
seminated intravascular coagulation or autoimmunity are predisposing factors. The absence of lacta-
tion after labor and the inability to resume the menstrual cycle later are presenting symptoms. Some
patients with Sheehan'’s syndrome have a sudden onset of severe hypopituitarism immediately after
labor, most often in the form of severe hyponatremia. Central adrenal insufficiency is the most usual
cause of hyponatremia, although in some cases the syndrome of inappropriate antidiuretic hormone
secretion has been also described.

Case report A 39-year-old female patient was admitted to the Intensive Care Unit due to severe hypo-
natremia with neurological symptoms (Na 103 mmol/L, Cl 72 mmol/L, K 3.7 mmol/L), and absence of
lactation. Previously, on the sixth postpartum day, she was admitted to the Obstetrics and Gynecology
Clinic due to severe headache, nausea, vomiting, and blurred vision. The symptoms persisted since labor,
which was complicated with severe hemorrhage (1000 ml) due to obstetric complications. Treatment
began with the 3% hypertonic saline solution with restriction of fluid intake. In regard to panhypopituita-
rism, replacement therapy with hydrocortisone and levothyroxine was initiated. Diabetes insipidus was
excluded. Growth hormone replacement therapy and combination of progesterone and progestogens
was started during follow-up.

Conclusion Early diagnosis of Sheehan’s syndrome is essential. Pituitary insufficiency in these patients

has a great diversity in presentation, that can sometimes result in coma and death.
Keywords: postpartum hemorrhage; Sheehan syndrome; panhypopituitarism

INTRODUCTION

Hyponatremia defined as sodium level
< 135 mmol/l is a frequent electrolyte disorder,
and it can be found in patients with endocri-
nopathies [1]. In hospital setting, the incidence
of hyponatremia is as high as 30% [2, 3]. Most
commonly seen endocrinopathies together
with euvolemic hyponatremia are the syndrome
of inappropriate antidiuretic hormone secretion
(SIADH), adrenal insufficiency and hypothy-
roidism [3]. Sheehan syndrome (ShS) is (pan)
hypopituitarism on the grounds of postpartum
pituitary infarction due to massive obstetrical
hemorrhage. Signs and symptoms of ShS are
mild and nonspecific, so the diagnosis can be
easily missed or delayed [4]. Nationwide retro-
spective study in Iceland found the incidence of
ShS of 5.1 per 100,000 females, while accord-
ing to the KIMS database (Pfizer International
Metabolic Database) the incidence of ShS was
found to be 3.1 in 1034 patients with growth
hormone deficiency. Occurrence of ShS in de-
veloped countries is estimated to be exceed-
ingly rare due to highly developed obstetrical
care [5]. Here we present a case of acute onset
of hyponatremia in a patient who experienced
hemorrhage during labor.

CASE REPORT

A 39-year-old female patient was admitted to
hospital five days after parturition because of
altered sensorium. Five days earlier she had
given birth to a healthy newborn, but the labor
had been complicated with extensive obstetri-
cal hemorrhage. On admission, the patient was
adynamic and confused, with signs of anemia
but without signs of obstetrical bleeding. She
reported that lactation was not established. She
did not have polyuria or polydipsia. Blood was
drawn for initial laboratory tests; the results are
shown in Table 1. Due to severe overt hypona-
tremia, she was treated with 3% saline solution
and further investigation was indicated. The
results of endocrinological tests are shown in

Table 1. Initial blood results

Parameter Value
Sodium (mmol/l) 103
Potassium (mmol/) 3.7
Chlorine (mmol/l) 72
Hemoglobin (g/1) 105
RBC (x 10™) 37
WBC (x 10%) 11.06
Hematocrit (%) 279
CRP (mg/L) 294

RBC - red blood cells; WBC - white blood cells;
CRP - C-reactive protein

Received  MpummeHo:
May 7, 2021

Revised - PeBusnja:
July 19,2021

Accepted - MpuxeaheHo:
July 21,2021

Online first: July 26, 2021

Correspondence to:

Ivana BAJKIN

Clinical Center of Vojvodina

Clinic for Endocrinology

Diabetes and Metabolic Disorders
Hajduk Veljkova 1-9

21000 Novi Sad, Serbia
ivana.bajkin@mf.uns.ac.rs



Table 2. Endocrinological test results

Endocrinological test Value
FSH (IU/L) <0.1
LH (1U/L) <0.5
PRL (ng/mL) 122
ACTH (pg/mL) 3
hGH (nhg/mL) 0.12
IGF-1 (ng/mL) 134.8
Cortisol 8 a.m. (nmol/L) 14.5
24-hour urine sodium excretion (mmol/day) 83
Anti-TPO Ab (IU/ml) 1.4
Anti-Tg Ab (ng/ml) 18.6

FSH - follicle-stimulation hormone; LH - luteinizing hormone; PRL - prolactin;
ACTH - adrenocorticotropic hormone; hGH — human growth hormone; IGF-1
- insulin-like growth factor 1; Anti - TPO Ab - thyroid peroxidase antibody;
Anti - Tg Ab - antithyroglobulin antibodies

Table 2. Endocrinological testing showed panhypopituita-
rism. Parenteral hydrocortisone was introduced, and after
a few days, levothyroxine was added. All the signs and
symptoms of severe hyponatremia resided after the therapy
and did not appear again after the hydrocortisone initia-
tion. Magnetic resonance imaging of the pituitary gland
was done, and it revealed enlarged pituitary with apoplexy
without bleeding (Figure 1). On subsequent ambulatory
check-ups, panhypopituitarism persisted, and a replace-
ment dose of estrogen and progesterone was given, along
with growth hormone therapy initiation. So far, we have
been following this patient for three years and panhypo-
pituitarism seems to be definite. She has been feeling well
and has been asymptomatic.

Written consent for the publication of this article was
obtained from the patient.

DISCUSSION

ShS can be a life-threatening condition thus making a delay
in diagnosis detrimental. It emerges because of extensive
postpartum hemorrhage which leads to pituitary hypo-
perfusion and necrosis [6, 7]. Nowadays, ShS diagnosis
is rare in developed countries, but in under-developed
and developing countries it can be seen more often. With
improving obstetrical care, the incidence of ShS is less
frequent, but more than 40 years ago, the prevalence of
this condition was around 100-200 per 100,000 females
[8]. Milji¢ et al. [9] presented a retrospective study on 260
patients with hypopituitarism treated at their specialized
endocrinological unit during a decade, and among those
patients, two had ShS. Due to the rarity of this condition,
nowadays, in countries with well-developed health care the
data regarding the ShS incidence is not fully established
[4, 8, 10]. Signs and symptoms of ShS are nonspecific and
gradual in onset. The time from onset to the diagnosis
is one month to 27 years [11, 12, 13]. Our patient had
the abrupt onset of signs and symptoms of severe overt
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Figure 1. Enlarged pituitary with apoplexy without bleeding

hyponatremia due to central adrenal insufficiency. Earlier
reports of deaths due to diminished cortisol level in un-
recognized partial or complete hypopituitarism after labor
emphasize the need to reintroduce ShS as possible cause of
rapid onset of worsening state in females after delivery [14,
15, 16]. Hyponatremia in ShS is mainly the consequence
of central adrenal insufficiency i.e., the lack of cortisol. It
is known that SIADH is the most common reason for eu-
volemic hyponatremia. There are clear diagnostic criteria
for SIADH, nevertheless it is not always the case that the
central adrenal insufficiency is priorly excluded [17, 18,
19]. Further contribution to the severity of hyponatremia
comes from hypothyroidism as a part of hypopituitarism
in the presented patient. Hyponatremia in isolated hypo-
thyroidism is rare, and mostly the consequence of primary
hypothyroidism. Proposed mechanism for the hyponatre-
mia in hypothyroid patients is the elevation of antidiuretic
hormone together with mild renal impairment [20-23].
Symptomatic hyponatremia should be urgently solved with
intravenous 3% saline solution according to current guide-
lines, having in mind that too fast elevation of sodium
can result in pontine myelinolysis [1, 24, 25, 26]. Timely
diagnosis of ShS is needed in order to initiate adequate
hormonal supplementation, and the hydrocortisone and
levothyroxine are of vital significance.

ShS is a rare condition in developed countries and
the significance of the risk it carries might be neglected.
Central adrenal insufficiency can be component of ShS,
thus contributing to the severity of syndrome. With timely
diagnosis and adequate therapy, significant morbidity and,
in some cases, mortality might be avoided.

Conflict of interest: None declared.
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3aHemapeHu y3pOoK XMMNOHATPeMuje TeLKOr CTeneHa

WBaHa bajknn'?, CnahaHa Mejakosuh'? Mna MaHojnouh'?, iBaHa Bopryunt'?, iparaHa Tomuh-Harnuh'?
'YHugep3utet y Hosom Capy, MegnunHcku dakyntet, Hosu Cag, Cpbuja;

2KnuHnuky LeHTap BojeoanHe, KnuHuka 3a eHaokpuHonorujy, anjabetec 1 6onectn metabonmsma, Hosu Cag, Cpbuja;
3VHCTUTYT 3a 34paBCTBEHY 3alUTUTY feLie 1 oMnaguHe BojoguHe, KnuHika 3a negujatpujy, Hosu Cag, Cpbuja

CAMETAK

YBop LLInxaHOB CMHAPOM HacTaje ycnen ncxemujcke Hekpose
xunoduize 360r NOCTNAPTANHOT KPBAaPEHa, a KapaKTepuLle ra
pasnMumnT cTeneH Xxmnonutymtapu3ma. lMoeehaH BonymeH Xumno-
du3e, Marba cenapHa pervja, AMCEMHOBaHa MHTPaBacKynapHa
Koarynavuuja unm ayTouMyHoCT Cy npegucnoHupajyhn dpakropu.
V130ocTaHaK nakTaupje nocTnapTanHo 1 KacHuje HemoryhHoCT yc-
MoCTaB/bakba MEHCTPYaJTHOT LiyIKnyca Cy Hajueluiv mpeseHTyjyhn
cumntomu. Manm 6poj 6onecHuua ca LLinxaHoBrm cuHgpomom
MMa Harny HacTaHaK TeLLKOT XMUMOMUTYyUTapu3ma HEMoCPeaHO
MoCTnapTanHo, Hajuelwhie y BUAY XMNoHaTpemuje TELLKOT CTemneHa
Koja ce Moxe aeTekToBaTu Beh y akyTHOj dpa3u nocne nopohaja.
LleHTpanHa agpeHanHa nHcyduLmjeHLuja je HajBepoBaTHUjU y3-
POK XMMoHaTpeMuje, Maja je y NojeanHIM Cry4yajeBumMa onmcaH
1 CHAPOM HeafileKBaTHe CEeKpeLvije aHTUANYPE3HOT XOPMOHa.
Mpuka3 6onecHnka bonecHuya ctapa 39 rogmHa Nnpumsbe-
Ha je Ha Oferberbe ypreHTHe MHTEPHE MeauLvHe 360r TellKe
XUnoHaTtpemuje npaheHe HeypoOLWKOM CUMMTOMATONON1jOM
(Na 103 mmol/L, CI 72 mmol/L, K 3,7 mmol/L), y3 nogatak o
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M30CTaHKy NakTauuje. lpeTxoAHo je wector nocTnapTanHor
[aHa pexocnuTaan3osaHa Ha KNMHKKY 3a TMHEKONOIWjy 1 aKy-
LepCTBO, 360r TellKe rMaBobosbe, MyyHrHe, NoBpahama, 3a-
myhemba Brga. Terobe nep3ncTvpajy of MOMEHTa TEPMUHCKOT
BarmHanHor nopohaja, TOKoM Kor je 6onecHuLa n3rybuna oko
1000 m/ kpBK 360T aKyLIEPCKMX KOMM/KALWja. 3arnoYeTo je ne-
yerbe MPYIMEHOM X1NEePTOHOT PacTBOPa HaTPMjyMa Y3 HakHagHy
pecTpuKLUMjy yHOCa TeUHOCTU. Y OKBUPY AMjarHOCTUKOBAHOT
MaHXMMOMNUTYMTapu3Ma 3anoyeTa je CyncTuTyLnoHa Tepanuja
XNPOKOPTU30HOM 1 MOTOM IEBOTUPOKCUHOM. VICK/byueHo je
nocTojakbe MHCUNMAHOT AnjabeTeca. Tokom fasber npaheksa,
yBefeHa je CyncTUTYLIMOHa Tepanunja XOpPMOHOM pacTa 1 KOM-
61HaLMjom nporecTepoHa 1 nporecTareHa.

3ak/myuak PaHa aujarHosa LnxaHoBor cuHppoma je oa
CYLUTUHCKOT 3Hauvaja. MutynTapHa nHcyduLmjeHLrja Kog oBUxX
6onecHuua Ma BENNKN AVBEP3NTET y Npe3eHTaLmjy, LWTO Mo-
HeKaj MoXe fla pe3ynTpa KOMOM 1 cmphy.

KrbyuHe peun: noctnapranHa xemoparuja; LLnxaHos cnHgpom;
NaHXMMOMUTyMTapn3am

www.srpskiarhiv.rs
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SUMMARY

Introduction Isolated jejunal perforation (IJP) without any associated injuries is rare in blunt abdomi-
nal trauma (BAT). It most commonly occurs in decelerating trauma. Diagnosis of traumatic intestinal
perforation may be difficult in the first hours after injury so unrecognized “missing” intestinal injuries
incidences are as high as 24%. Unrecognized traumatic bowel perforation without adequate treatment
leads to the intestinal leakage into the peritoneal cavity, leading to secondary peritonitis and potentially
lethal complications.

Case outline We presented the case of a 43-year-old woman injured in a road traffic accident. She was
admitted to emergency surgery after diagnostic procedures according to the protocol for trauma. Initial
examination, and body computed tomography (CT) revealed orthopedic injuries. Daily monitoring and
follow-up examinations were done, she did not complain of any discomfort nor pain in the abdomen, and
there were no signs of abdominal injury. Two days after trauma, follow-up abdominal CT revealed highly
suspected jejunum perforation, still without signs of pneumoperitoneum. Laparotomy was performed
and diagnosis of IJP was confirmed. Bowel perforation was surgically closed in two layers, followed by
drainage of septic collections, abdominal saline lavage and primary abdominal closure. The patient was
discharged on the seventh postoperative day without complications.

Conclusion In the case of BAT due to severe traumatic force in patient with nonspecific clinical signs of
abdominal trauma on initial clinical and radiological examination, follow-up in a short period is necessary,
to detect hidden jejunal perforation. Surgery is a life-saving for those patients and treatment of these
injuries usually require simple operative procedures.
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INTRODUCTION

Isolated jejunal perforation (IJP) in blunt
abdominal trauma (BAT) is severe but an
extremely rare injury [1]. Although small in-
testine trauma is the third most common or-
gan injury in BAT, those injuries have a low
incidence of 1-5%, with bowel perforation in
only 0.3% patients [1-4]. However, what is im-
portant to point out is that missing intestinal
injuries have incidences as high as 24% [1-4].

In most cases, jejunal perforation is associ-
ated with injuries of solid or other hollow ab-
dominal organs. Jejunal injury usually occurs
in BAT during deceleration. This mechanism
of injury in the traffic accidents is created due
to a strong decelerating force between human
body and seatbelt. Furthermore, the intestinal
loops can be suddenly pressed between the an-
terior abdominal wall and the spinal column,
which leads to increased pressure in the bowel
lumen and perforation [3-6]. Significant blunt
small bowel and mesenteric injuries (SBBMI)
requires surgical treatment are: bowel transec-
tion, bowel perforation, segment devasculariza-
tion, active mesenteric hemorrhage, mesenteric

injury with hematoma and intestinal ischemia
[4-8]. Traumatic SBBMI without adequate
treatment leads to the intestinal leakage into the
peritoneal cavity, making progress in secondary
peritonitis and potentially lethal complication.

Unfortunately, timely detection of IJP in
polytrauma patient if there is not a clinical
suspicion is difficult because symptoms are
initially sparse and abdominal pathology does
not dominate in clinical presentation during
the first hours after trauma. Therefore, daily
clinical monitoring and use of diagnostic mo-
dalities (plain abdominal radiography X-ray,
ultrasound, laparoscopy) are important, but the
role of computed tomography (CT) in insolate
jejunal injury detection is significant for early
diagnosis, treatment and outcome in these pa-
tients [5-8].

We report a case of a 43-year-old woman
with IJP and non-specific clinical presenta-
tion, 7 mm isolated jejunal perforation was
discovered at the follow-up CT two days after
trauma, she underwent surgery and recovered
successfully.
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CASE REPORT

A 43-year-old female was admitted to Emergency Surgery
after sustaining injuries in a road traffic accident. She was
the driver, wearing seatbelt and she had front impact with-
out airbag deployed. The patient had no previous medi-
cal or surgical history. The clinical examination revealed
spontaneous breathing and hemodynamic stability, with
discrete seat belt sign on abdominal wall and multiple
abrasions on the left leg. Abdominal palpation showed a
mild localized tenderness. Hemoglobin level was 12.5 g/dL
and white blood cell count was 33,000/uL. Plain radiogra-
phy of the abdomen was normal, without pneumoperito-
neum. Focused assessment sonography in trauma showed
no signs of free fluid or organ injury. On CT exam there
was no significant thorax, abdominal or pelvic findings.
Orthopedic clinical examination and radiographic exami-
nation showed left femur fracture, right tibia and patella
fracture. There was no head and chest injuries. Patient was
hospitalized due to severe bone fracture, and non- opera-
tive management was initially applied including intensive
monitoring, rehydration, symptomatic treatment and an-
tibiotic therapy.

On the first day of hospitalization, clinical examinations
revealed persistence of very mild abdominal tenderness
and there was no muscular defense or peritoneal reac-
tion. Follow-up ultrasound has showed oedema of jejunal
loops in the left hemiabdomen, with hyperechoic reaction
of mesenterium, and small amount of fluid between the
loops (Figure 1). Patient was hemodynamically stable and
she did not complain of abdominal pain or discomfort.

On the second day of hospitalization patient began to
complain on pain during abdominal examination, with
positive signs of local peritoneal irritation in left abdomi-
nal quadrant. Routine daily blood analyzes discovered
leukocytosis (18,000/uL). Plain X-ray showed a few air-
fluid levels, no signs of pneumoperitoneum. We indicated
a follow-up CT and it showed segmental thickening of jeju-
nal wall in left hemiabdomen with small striped hypodense
lesion in at the antimesenteric border with small amount of
fluid, mesenterial “fat-stranding” and thickening of adja-
cent parietal peritoneum but without pneumoperitoneum.
(Figures 2, 3, and 4) Surgery was indicated and exploratory
laparotomy confirmed an IJP. We found a single jejunal
perforation the size of 7 mm at antimesenteric border,
about 20 cm away from the ligament of Treitz (Figure 5).
Jejunal trauma was classified according to the American
Association of Surgery of Trauma (AAST) as grade II in-
jury [9]. The perforation was hidden under the omentum
that covered it. Peritonitis was enclosed in the upper left
quadrant of the abdomen. There were no other abdomi-
nal organs injuries. After minimal excision of bowel edges
around perforation into the healthy tissue, the jejunum
was closed in two layers, followed by detailed abdominal
lavage and standard abdominal closure. Parenteral nutri-
tion and antibiotics were introduced immediately in the
early postoperative course. On the third postoperative day,
the patient started intaking food and fluids. The abdominal
ultrasound performed after surgery revealed no presence
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Figure 1. Transabdominal ultrasound - axial scan in the left hypochon-
drium: thickened and hypoechogenic jejunal wall with small amount
of fluid in peritoneal cavity

Figure 2. Contrast abdominal computed tomography - axial scan:
thickened and hyperdense jejunal wall with small striped hypodense
lesion at antimesenteric border (arrow) with small amount of fluid,
mesenterial “fat-stranding” and thickening of adjacent parietal peri-
toneum - jejunal perforation

Figure 3. Contrast enhanced abdominal computed tomography — mul-
tiplanar coronal reconstruction: thickened and hyperdense jejunal wall
with small striped hypodense lesion (arrow) at antimesenteric border
which represent wall discontinuity — jejunal perforation

www.srpskiarhiv.rs
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Figure 4. Contrast-enhanced abdominal computed tomography -
coronal reconstruction: thickened and predominantly hyperdense
jejunal wall (white star) due to traumatic injury

of fluid or collections. Patient was discharged from the de-
partment of Emergency Surgery after seven days, without
complications. She continued with orthopedic treatment
and rehabilitation.

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

DISCUSSION

BAT occurs during road traffic accidents in 75% cases
and it is often accompanied by serious organs injury and
intra-abdominal bleeding. Small bowel injury following
BAT is very rare with incidence about 1% [9, 10]. Even
more rare is significant small bowel trauma with only 0.3%
cases with small bowel perforation [3-6] Abdominal injury
known as “seatbelt syndrome” with linear ecchymosis on
abdominal wall as a result of car accident was described by
Garrett and Braunstein in 1962. Simpler form of the injury
called the “seatbelt sign” is expanded to the larger “seatbelt
complex” which implies the existence of abdominal organs
injures, thorax and spine trauma, major vascular structures
trauma, ribs and sternum fractures [9, 11].

Mechanisms of small bowel perforation in BAT are
clarified and basically it occurs due to the deceleration
forces, bowel compression and blowout trauma due to a
sudden intraluminal pressure increase in fluid-filled or
air-filled bowel loops [7-10]. Diagnostic delays and un-
recognized small bowel lesions in the first 24 hours, have a
high incidence of 24%, despite routine use of CT [1, 2, 3].

‘ DOI: https://doi.org/10.2298/SARH200322075D

Doklestic¢ K. et al.

Figure 5. Interoperative finding: the single isolated jejunal perforation
was found 20 cm away from the ligament of Treitz, perforation size was
7 mm at the antimesenteric border, with gaping mucosa; the isolated
jejunal perforation was covered with omentum, with peritonitis en-
closed in the upper left quadrant of the abdomen

Timely diagnosis of isolated jejunal injury can be diffi-
cult because of nonspecific clinical findings, absence of
peritoneal irritation during abdominal palpation and non-
radiological signs of injury immediately after trauma. We
presented a case of a patient with significant small bowel
injury although it was just one IJP, without signs of perfo-
ration during 24 hours after the car accident. Patient had
a “seatbelt sign” on abdominal wall as the only marker of
abdominal trauma.

The diagnosis of SBBMI is based on mechanism of in-
jury, a precise follow-up clinical examination, laboratory
results, radiologic methods (abdominal X-ray, ultrasound,
CT), Diagnostic peritoneal lavage and laparoscopy [3-8].
Initial clinical examination can be nonspecific during first
hours after the BAT. Radiological methods play an im-
portant role in the diagnosis of jejunal perforation in the
absence of specific clinical symptoms. Lawson et al. [12]
suggest that era “trauma scan” leads to reduction miss-
ing body injuries, but the bowel injuries are still the most
commonly missed and the key to success in treatment is
clinical doubt about intestinal trauma in severe trauma pa-
tients. Matsushima et al. [13] analyzed 7875 blunt trauma
patients, they found blunt hollow viscus and mesenteric
injury (BHVMI) in 67 (0.8%) patients who were divided
in two groups: non-ischemic-BHVMI (perforation, lac-
eration, and hematoma without devascularization) and
ischemic-BHVMI (devascularization confirmed at laparot-
omy). Authors found that even using an advanced imaging

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):716-721
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technique, the diagnosis of I-BHVMI can be delayed, with
significant negative impact on patient outcome [12].

Based on the clinical observations and significant find-
ings several scores have been presented to evaluate the
extent of small intestine and mesenteric injury: American
Association of Surgery of Trauma (AAST) and Injury
Scoring Scales, Mesenteric Injury Score (MIS), Z-Score,
Bowel Injury Prediction Score (BIPS) [3-6]. BIPS intro-
duced by McNutt et al. [7] is able to predict risk of bowel
injury if two or three parameters are positive on admission:
high grade mesenteric injury on CT scan (presence of a
mesenteric contusion or hematoma with associated bowel
wall thickening and inter-loop fluid collection, or an active
vascular/oral contrast extravasation, bowel transection or
pneumoperitoneum), increased white blood cell (> 17,000)
and abdominal tenderness. The degrees of small bowel
injury classified according to the AAST are: Grade I in-
clude hematoma or laceration without perforation; Grade
II is characterized by a laceration of less than 50% of the
circumference; Grade III includes laceration of more than
50% of the circumference without transection; Grade IV
includes transection of the small bowel; Grade V includes
transection of the small bowel with loss of segmental tissue
or vascular injury with segmental devascularization [7, 12].

In our patient, IJP was presented as 7 mm of a single
jejunum perforation with secondary peritonitis, jejunal
trauma classified as AAST grade II injury. Clinical history
plays a particularly important role in determining the ap-
propriate imaging examination for evaluating a possible
perforated viscus [13].

In IJP, a plain abdominal X-ray can rarely show free air
in peritoneal cavity —pneumoperitoneum, as a significant
sign of hallow viscus perforation [8]. More often radiogra-
phy can show indirect signs of trauma such as the presence
of air-fluid levels due to paretic intestinal loop [8]. Non-
invasive and simple method for abdominal examination is
the ultrasound. It is sensitive in the detection of the small
intestine wall edema as well as free fluid in the surrounding
peritoneal space and may sometimes detect free intraperi-
toneal air [14]. These almost non-specific findings on ul-
trasound should be properly interpreted in trauma because
they can lead to the diagnosis if there is clinical suspicion.
CT is the most reliable method for detection of small bowel
perforation (sensitivity 92%, specificity 94%) [7, 15, 16, 17].
Recent systematic reviews increasingly support perform-
ing CT scans of the abdomen and pelvis without the need
for positive oral contrast in most clinical situations [18].
Small bowel perforation on CT is evident in the presence of
direct signs such as bowel wall discontinuity, extraluminal
air or presence of extraluminal contrast, or indirect CT
signs: bowel wall thickening, abnormal bowel wall enhance-
ment, presence of abdominal abscess formations [7, 15, 16,
17] or mesenteric fat stranding and a moderate to large
volume of unexplained intraperitoneal fluid in the absence
of solid organ injury [19]. CT signs that correlated with
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mesenteric laceration are abdominal wall injury, mesenteric
contusion, free fluid in peritoneal cavity, segmental bowel
hypoenhancement, and bowel hyperenhancement adjacent
to a hypoenhancing segment [20]. CT scan also indicates
the location of the bowel perforation. In our patient, the
abdominal ultrasound, a plain X-ray and a CT scan were
performed and did not show perforation of the jejunum
immediately after accident. However, a follow-up CT scan
showed that there was a thickening of the proximal jejunal
wall that could indicate injury (Figure 4).

There is still no consensus in the literature regarding
the effects of delayed surgical treatment of traumatic small
intestine perforation, but it is generally accepted that mor-
bidity and mortality is significantly lower in the case of
early diagnosis and emergency surgical treatment [21, 22].
SBBMI without adequate treatment can be associated with
severe complications and catastrophic outcome, because
of the potential of these injuries to complicate and lead to
secondary peritonitis, sepsis, and multiple organ dysfunc-
tion syndrome. Fakhry et al. [23, 24] showed on 198 pa-
tients that diagnostic delays can influence the outcome in
patients with blunt small bowel injury: mortality increased
from 2% for patients with delays treatment of under eight
hours to 30.8% for patients treated after 24 hours.

Faria et al. [25] introduced the term “killing time” They
found that all postoperative deaths in patients with both
blunt and penetrating bowel injuries occurred in those
who were operated after the first 24 hours.

Mingoli et al. [26] found that leukocytosis and delayed
treatment (over six hours) are independent predictors of
postoperative morbidity.

Therefore, in trauma patients, surgeons require a high
index of clinical suspicion and early recognition which,
followed by adequate treatment, is of crucial importance.

The detection of isolated jejunal trauma as the only
injury in BAT is a challenge because these injuries can be
clinically silent and radiologically hidden during the first
hours and even days after trauma. Missing small bowel
perforation with secondary peritonitis without treatment
can be followed by deadly complications.

We must always suspect small intestine perforation in
case of BAT. In that light intensive clinical monitoring and
radiology follow-up are imperative. Surgery is life-saving
for those patients and treatment of these injuries usually
require simple operative procedures.
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U3onoBaHa nepdopaumja jejyHyma — CKpMBEHA ONACHOCT Y TYyNOj abA0MUHANHO]

Tpaymu

KpctuHa Joknectuh'?, Ipara Bacuk®, bojaH JosaHosuh'#, Llemann [letaHal®, ViBaHa Jlewesuh!

'YHuep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2YHUBeP3NTETCKM KNMHUYKN LeHTap Cpbuje, KnuHuka 3a ypreHTHY xupyprujy, beorpag, Cpbuja;
3YHnBep3uTeTCKI KNUHUYKM LieHTap Cpbuje, LieHTap 3a pagronorujy 1 marHeTHy pe3oHaHLy, beorpag, Cpbuja;
*YHuBep3uTeTCKM KNMHWYKKM LieHTap Cpbuje, LieHTap 3a aHectesvonorujy, beorpag, Cpbuja;

Onwrta 6onHuua Hoeu Masap, Opervetse onwTe xupypruje, Hosu Masap, Cpbuja

CAMETAK

YBop V3onoBaHa nepdopaLimja jejyHyma 6e3 apyrux npuapy-
XKEeHVIX NOBPepa je peTka y clyyajy Tyrne abgomuHanHe Tpayme.
Hajuewhe ce gewasa y cnyyajy geuenepauuje. lnjarHocTtrka
TpaymaTCKe UHTeCTUHaNHe nepdopauvje Moxe 61UTM Beoma
TelKa y NPBMM CaTMa HakoH NoBpefe, Te je MHUMAEeHLa He-
npenosHatyx noBpefa Lpesa 24%. Henpeno3Hata TpaymaTcka
nepdopauuja LpeBa 6€3 ONTMaNHOr TpeTMaHa JOBOAM AO Liy-
perba LipeBHOT cafipaja y MepuToHeanHy Aynby, LITO AOBOAM
[0 CeKyHIapHOr NepuToHMUTUCa U Moryher neTanHor UcxoAa.
Mpuka3s 6onecHnka MpurkasyjeMo ciyyaj *keHe cTape 43 rogu-
He Koja je noBpeheHa y caobpahajHoj Hecpehi. OHa je nprumbe-
Ha Ha Ofie/beHbe YPreHTHe XMPYpPriije HaKoH CNPOoBeAEHVIX Anjar-
HOCTMUKMX NpoLieflypa No NPOTOKOY 3a TpayMmy. HMLnjanHm
nperneq v KOMMjyTepri3oBaHa Tomorpaduja cy nokasanm op-
ToneAcKke NoBpeae. YunkeHy Cy CBakoAHeBHU MOHUTOPVIHT 1
KOHTPOMHW Nperneau, Koju HACY MoKa3anu 3Hake abaoMmHanHe
noBpeze, a 6011eCHLIa Ce Huije XKanuna Ha HenarogHoCT 1y 6on
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y abgomeHy. [1Ba JaHa HaKoH MOBPEAe YUNHEH je KOHTPOSHU
npernen abaomeHa KomnjyTepri3oBaHOM ToMorpadujom, Koju
je nokasao BMcokocycnekTHy nepdopauujy jejyHyma, 1 fame
6e3 3HaKoBa NMHeymMonepuToHeyMa. YuntbeHa je nlanapotomuja
1 notBpheHa je AnjarHosa nsonoBaHe nepdopatimje jejyHyma.
Mepdopauyja LpeBa je xMpypLIKy 36prHyTa Y fiBa CJ1oja y3 Ape-
HaXXy MHOMLMPaHMX KoneKLWja, abgoMVHaNHy nlaBaxy v TpOyx
je moTom 3aTBOpEH Mo cnojeBrMa. bonecHuua je otnylTeHa 3
6051HULEe cenMOr NOCTONepPaTVBHON AaHa 6e3 KoMnMKauuja.
3akmyuak Y ciyyvajy Tyne abgoMmuHanHe Tpayme ycnep jake
TpaymaTcke cune Ko 6onecHuka ca HecneynmuUHUM 3Hauu-
Ma abjoMMHaHe Tpayme Ha MHVLWjanHUM KNVMHUYKUM 1 pa-
[OVONOLKMM NpernefMma HEOMNXOHa je paHa KOHTpona paau
JeTeKkuuje eBeHTyanHe nepdopauuje jejyHyma. Xupypruja je
o[} BUTAJIHOT 3Hayaja 3a oBe 6OoMecHNKe, a TpeTMaH 06UYHO
noapasymeBa jeHOCTaBHE XMPYpPLLKe TEXHUKE.

KmbyuHe peun: n3onosaHa nepdopauimja jejyHyma; Tyna abpo-
MVIHa/Ha TpayMa; KOMMjyTepr3oBaHa Tomorpaduja; xvpypruja
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Asymptomatic “twig-like” middle cerebral artery
embryological anomaly

Dragoslav Nestorovic', Igor Nikoli¢>?, Vladimir Cveti¢'?, Dusan Petrovi¢', Goran Tasi¢**

'University Clinical Center of Serbia, Center for Radiology and Magnetic Resonance Imaging, Belgrade,
Serbia;

University Clinical Center of Serbia, Clinic for Neurosurgery, Belgrade, Serbia;

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

SUMMARY

Introduction Anomalies of the middle cerebral artery (MCA) are very rare. “Rete MCA,"“twig-like MCA”
(T-MCA), “aplastic MCA,"“unfused MCA,"and others are all synonyms for unilateral embryological anomaly
of the M1 segment of the MCA, where, due to an unknown cause, fusion of primordial arteries of the M1
segment did not happen. As a result, the M1 segment of the affected side consists of a mesh of small
arteries from which arise normal perforators and cortical branches. Moyamoya disease, moyamoya-like
syndrome, atherosclerotic steno-occlusive disease, vasculitis, and dissection of the MCA should be con-
sidered in differential diagnosis.

Case outline We present a 60-year-old female patient with twig-like left MCA, incidentally diagnosed
due to persistent headaches six days prior to admission. Non-contrast computed tomography head
examination was without peculiarities. Computed tomography angiography showed a network of small
vessels in place of the left M1 segment, bridging internal carotid artery terminus with branches of the
MCA bifurcation and giving rise to lenticulostriate arteries. Fourteen months later, on physical examina-
tion, the patient was in good general condition, without a neurological deficit, with occasional episodes
of headache no stronger than 3-4/10 on the visual analogue scale.

Conclusion We report a patient with extremely rare variation of the M1 segment of the left MCA, inci-
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dentally diagnosed due to headaches.

Keywords: twig-like MCA; middle cerebral artery; CT angiography

INTRODUCTION

Anomalies of the middle cerebral artery
(MCA) are very rare. They are less commonly
seen than those of other major intracranial
arteries [1, 2, 3]. Typically, three MCA anom-
alies (variations) are described: duplication
(D-MCA), fenestration (F-MCA), and the
presence of an accessory branch (A-MCA)
[4]. “Rete MCA,” “twig-like MCA” (T-MCA),
“aplastic MCA,” “unfused MCA,” and others
are all synonyms for unilateral embryologi-
cal anomaly of the M1 segment of the MCA,
where, due to an unknown cause, fusion of the
primordial arteries of the M1 segment did not
happen [1, 2, 3, 5, 6, 7]. As a result, the M1
segment of the affected side consists of mesh
of small arteries from which arise normal per-
forators and cortical branches [7].

Interestingly, the variations or possible anom-
alies in morphology of terminal branches of the
internal carotid artery, like fenestration of the
anterior cerebral artery (ACA) and hypoplastic
ACA, have been also described in healthy non-
human primates, as well as the left/right asym-
metry in morphology of the MCA [8].

CASE REPORT

A 60-year-old female patient was admitted
to the Emergency Center, University Clinical
Center of Serbia, due to persistent headaches
six days prior to admission. Non-contrast
computed tomography head examination was
without peculiarities. Computed tomography
angiography showed a network of small vessels
in place of the left M1 segment, bridging the
internal carotid artery terminus with branches
of the MCA bifurcation and giving rise to len-
ticulostriate arteries. Left MCA M2 branches,
although somewhat “paler;” appeared to be nor-
mally filled with contrast agent. Deep middle
cerebral vein had anomalous drainage into the
left superior petrosal sinus (Figures 1 and 2).
Since this was an incidental finding, the
patient was discharged home with only symp-
tomatic therapy for headache (paracetamol/
acetaminophen). Also, antiplatelet therapy
in the form of acetylsalicylic acid (ASA) was
prescribed. Fourteen months later, on physical
examination, the patient was in good general
condition, without a neurological deficit, with
occasional episodes of headache no stronger
than 3-4/10 on the visual analogue scale (VAS).
This case report was approved by the insti-
tutional ethics committee, and written consent
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Figure 1. Computed tomography angiography maximum intensity projection recon-

rupture and hemorrhage [3, 5, 6, 13]. Sakai
et al. [14] reported rupture of a de novo
formed aneurysm arising from the twig-
like network of an anomalous collateral
artery associated with aplastic or twig-like
MCA (Ap/T-MCA) in a patient who had
ruptured aneurysm on the Al segment four
years earlier.

Moyamoya disease, moyamoya-like
syndrome, atherosclerotic steno-occlusive
disease, vasculitis, and dissection of the
MCA should be considered in differential
diagnosis [1, 3, 15].

structions, A - coronal, B - axial, and C - oblique projections show multiple “twig-like” Therapy options may vary depending on

arteries arising from terminal part of left internal carotid artery, forming network in place
where the M1 should be; D - sagittal projection demonstrates normal arborization of the

Figure 2. Computed tomography angiography volume rendering; A and B show deep
middle cerebral veins anomalous drainage into superior petrosal sinus

was obtained from the patient for the publication of this
case report and any accompanying images.

DISCUSION

The MCA is the largest and most complex artery supplying
the brain, vascularizing the largest territory of neocortex
[9, 10]. MCA develops after ACA, when fetal plexiform
network of multiple small arteries fuse and regress in or-
der to form perforating branches of the M1 segment and
the main trunk of the MCA (M1 segment). Disruption of
this process, by a still unknown cause, leads to MCA de-
velopmental anomalies [7]. Fukuyama reported one case
of Ap/T-MCA associated with RNF213 mutations, which
was previously believed to be associated exclusively with
moyamoya [11]. In “T- MCA,” this plexiform network per-
sists unilaterally in place of the M1 segment, while cortical
and perforating branches, although filled with contrast
agent with discrete delay, appear to be normal [6, 7]. Of
all the MCA anomalies, T-MCA is the one least commonly
seen. Reports range 0.1-4% prevalence, while Viso et al.
[3] reported a prevalence of 0.088% in their cohort which
included over 10,000 patients.

The possibility of hypoperfusion and, eventually, isch-
emic events has been described [6]. Uchiyama et al. [12]
reported intracerebral hemorrhage in patient two years
after transient ischemic attack and diagnosed T-MCA as
the culprit. Also, there is an increased risk of aneurysm
formation, due to hemodynamic stress and network ves-
sels’ fragile histological architecture which can lead to

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):722-724

patient symptoms and angiographic find-
ings, but no universal treatment has been
established to this day [5]. If T-MCA is an
asymptomatic, coincidental finding, the
patient should be counseled and warned
about the nature of the anomaly. Vessels in
the mesh are functional but also fragile, so
no intervention should be performed unless
necessary [1]. It is still unclear if microsur-
gical superficial temporal artery bypass is
beneficial in cases of recurrent ischemic
events. In their case report, Matsunaga et
al. [6] stated that postoperative magnetic
resonance angiography showed a decrease of blood flow
in aberrant network indicating that this approach may
improve perfusion of affected MCA territory and lower
hemodynamic stress in the aberrant network. On the other
hand, Matsuo et al. [16] stated that there is no evidence
that revascularization is an effective approach in prevent-
ing stroke on the affected side. Further studies on this
anomaly are necessary to understand its nature and pro-
vide adequate therapy. Aneurysms in an anomalous MCA
network have high risk of rupture and should be treated
surgically or by endovascular embolization. Open surgery
is more commonly used due to higher risk of endovascular
approach through these fragile vessels [7].

Although uncommon, clinicians should recognize this
vascular entity in order to avoid misdiagnosis and un-
necessary treatment which can lead to catastrophic ad-
verse events, especially in the era in which mechanical
thrombectomies are becoming an everyday practice, and
this entity could lead to confusion because of simulating a
thromboembolic event. Less experienced neuroradiologist
could easily overlook the subtle vessel network between
the internal carotid artery and the distal part of the MCA.

In our opinion, the patient should be on lifelong pre-
ventive antiplatelet therapy (ASA) in order to avoid con-
sequences of steno-occlusive and thromboembolic events.
A follow-up physical examination, by a neurologist/neuro-
surgeon, should be performed every two years, while the
neuroradiological examination is reserved only for patients
with hemorrhagic or ischemic symptoms.

Conflict of interest: None declared.
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AcumnTomaTtcKa embpuronolKa aHOManuja cpeatbe uepebpanHe aptepuje ,HanUK

rpaHymymn”

[Dparocnas Hectoposuh', Virop Hukonuh?3, Bnagumup LiBeth'3, lywaH Metpouh', lopaH Tacuh??

'YHUBep3uTETCKN KNMHUYKY LeHTap Cpbuje, LieHTap 3a pagronorujy 1 MarHeTHy pesoHaHLly, beorpag, Cpbuja;
2YHMBEP3UTETCKM KNMHUYKN LeHTap Cpbuje, KnuHuka 3a Heypoxupyprujy, beorpag, Cp6uja;

*YHusepautet y beorpaay, MegnunHcku akyntert, beorpag, Cpbuja

CAXETAK

YBog AHomanuje cpefhe moxaaHe aptepuje (CMA) Beoma
cy petke. Rete MCA, twig-like MCA (T-MCA), ,annactyHa CMA’,
,Hedy3snoHncaHa CMA" n gpyrv HasnBM CUHOHUMMU CY 3a jefi-
HOCTpaHy eMOproHanHy aHomanujy cermeHta M1 CMA, roe, u3
Heno3HaTVX pasnora, Huje AoLwso Ao ¢ysuje npruMopaujanHnx
apTepuja cermeHTa M1. Kao pe3syntart, cermeHT M1 3axBaheHe
CTpaHe CacToju Ce 13 MpeXe MaJinx apTepuja 13 Koje nonase
HOpMasHu nepdopaTopu 1 KopTrKanHe rpaHe. ludepeHuujan-
HO injarHOCTUYKM Tpeba pa3maTpaTi 6onect mojamoja, CMHA-
POM CNIMYaH MOjaMoju, aTePOCKSIEPOTUYHY CTEHOOKITY3UBHY
6onect, Backynutnc u gucekuujy CMA.

Mpuka3 6onecHuKa Nprikasyjemo »xeHy cTapy 60 roguHa ca
CMA ,Hanuk rpaHymum’, ciyyajHo OTKPUBEHOj 360T Nnep3u-
CTeHTHWX rMaBo6osba LeCT AaHa npe npujema. beckoHTpacTHa

DOI: https://doi.org/10.2298/SARH210718086N

KoMMjyTepr3oBaHa Tomorpadwja rnaee Huje nokasana Hey-
obuyajeHocTu. KonjyteprizoBaHa Tomorpadcka aHrnorpaduja
nprikasana je Mpexy Manux KpBHUX Cy0Ba yMeCTo NIeBor cer-
MeHTa M1, Koja je noBe3nBana TepMUHaIHN CEFMEHT YHyTpa-
WHe KapoTuaHe apTepuje ca rpaHama budypkauunje CMA 1
NEeHTUKYNOCTPUjaTHUM apTepurjama. YeTpHaecT mecewm Kac-
HWje, Ha KOHTPOJIHOM GV3MKaNHOM Nperieay, 6onecHrua je
6vna gobpor onwTer cTama, 6e3 HeyponoluKor geduuuTa, ca
noBpemMeHUM enun3opama rnaBobosbe He jaumm og 3-4/10 Ha
BU3YesIHOj aHaIorHOj CKasn.

3akmyuak [prkasyjemo 605ecHuLy ca eKCTPEMHO PeTKOM
Bapwjaumjom nesor cermeHTa M1 CMA, cnyyajHO OTKpMBEHOM
360r yropHuX rnaBoborba.

KmbyuHe peun: CMA ,Hanvk rpaHunumn’; cpefa MoXaaHa ap-
Tepwja; KomjyTepr3oBaHa Tomorpadcka aHrmorpaduja
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A rare case of spontaneous perirenal hemorrhage
— Wunderlich syndrome

Goran Arandelovi¢, Stefano Lai, Claudio Milani
St. John and Paul Hospital, Department of Urology, Venice, Italy

SUMMARY

Introduction Spontaneous perirenal hemorrhage or Wunderlich syndrome represents a rare entity in
urological settings. The vast majority of the causes are represented by angiomyolipoma and renal cell
carcinoma. In other cases, vascular abnormalities, polycystic kidneys, polyarthritis nodosa, or pyelone-
phritis could represent the cause of perirenal bleeding. The treatment depends on the clinical parameters
at the presentation as well as on the possible presence of renal malignancies.

Our goal was to present a rare case of a healthy men who presented the idiopathic Wunderlich syndrome.
Case outline We present a case of a 50-year-old patient with spontaneous perirenal hemorrhage that
was not due to any defined cause even after a six-months follow-up.

Conclusion In some rare cases of perirenal bleeding, the cause cannot be defined at the presentation,
even with today’s advanced radiological imaging methods. Thus, it is important to be aware of the fact
that in those cases, a longer follow-up is needed, knowing that the presence of perirenal hematoma can
always obscure the real diagnosis. Sometimes, even in cases where the proper follow-up has been done,

the real cause of the bleeding remains unknown.

Keywords: Wunderlich syndrome; perirenal hematoma; angiomyolipoma

INTRODUCTION

Waunderlich [1] was the first who presented the
spontaneous hematoma of the kidney in 1856.
It refers to spontaneous non-traumatic renal
bleeding into subcapsular and/or perirenal
space. This condition may be caused by various
pathologies, such as benign and malignant renal
tumors, renal artery aneurysms, polyarteritis
nodosa, polycystic kidneys, renal infections,
or undiagnosed hematological conditions [2].
Some of the possible causes with their respective
percentages are given in Table 1 [2, 3].

Table 1. Possible causes of Wunderlich’s syndrome in
percentage

Wunderlich’s syndrome causes %
AML 23
RCC 19
ACKD

Simple renal cyst 8
Sarcoma 4
Hematoma or hemorrhage only 38

AML - angiomyolipoma; RCC - renal cell carcinoma;
ACKD - acquired cystic kidney disease

The treatment depends mainly on patient
conditions and the determination of the cause
of the hemorrhage. Since misdiagnosis is an
emerging topic in modern medicine and there
are disciplines that confirm an increasing alert
on the risks of an omitted diagnosis or the con-
sequences of incorrect treatment, we consider it
important to present a rare case of spontaneous
perirenal hematoma which was not due to any
known or diagnosed cause [4, 5].

CASE REPORT

A 50-year-old male patient was admitted to the
emergency room with acute abdominal and
right flank pain and painful sensitivity to pal-
pation. The patient did not report any history
of trauma or drug use and the anamnesis did
not reveal other illnesses. During clinical ex-
amination, the blood pressure of 120/80 mmHg
and the heart rate of 82 beats per minute were
recorded. The hemoglobin value was 13.8 g/dl,
leukocytes 15,000/mm?, platelet count amount-
ed to 270 x 10°/L, creatinine clearance was
0.88 mg/dl, coagulation parameters as pro-
thrombin time, activated partial thromboplas-
tin time, and international normalized ratio
were in their respective normal ranges. Urine
sediment showed only proteinuria. Ultrasound
examination followed by computed tomogra-
phy (CT) scan of the abdomen showed a very
large right perirenal hematoma without show-
ing a mass responsible for the hemorrhage.
The patient was symptomatic and the flank
pain was at that moment not very responsive
to conservative therapy. An urgent arteriogra-
phy was performed showing no acute vascular
bleeding sites so that there was no need for
arterial embolization. The patient was treated
with intravenous antibiotic therapy and again
with intravenous pain medications, this time
with success. On the next day hemoglobin
values decreased from 13.8 g/dl to 8.8 g/dl, so
that blood transfusion was needed. Two units of
blood were transfused so that the hemoglobin
values increased and remained stable (11 g/dl)
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Figure 1. Abdominal computed tomography
scan of the right retroperitoneal bleeding at
the presentation

Figure 4. Computed tomography angiogram
three months after the acute bleeding

one day later. Two days after the acute event, the control
CT scan showed a small increase of subcapsular hema-
toma, still without any sign of acute bleeding. After the
close follow-up, the patient was dismissed asymptomatic
and with stable hemoglobin levels on day 8 after the acute
episode.

The control angio-CT scan after one, three, and six
months from the acute event showed the important re-
duction of the perirenal hematoma without apparent cause
for the previous bleeding.

Figures 1-5 show the CT scan of the right perirenal
hematoma from the first presentation to the six-month
follow-up: Figure 1 shows the bleeding at the presentation,
Figure 2 shows CT scan two days after the acute event,
Figure 3 shows the control angio-CT scan at 1 month after
the acute event, Figure 4 shows the control angio-CT scan
at three months after the acute bleeding and Figure 5 shows
the control angio-CT scan at six months’ follow-up.

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

DISCUSSION

Spontaneous renal bleeding to the subcapsular and peri-
nephric space, known as Wunderlich syndrome (WS),

‘ DOI: https://doi.org/10.2298/SARH210410089A

Figure 2. Abdominal computed tomography
scan two days after the acute event

Figure 5. Computed tomography angiogram
at six months follow-up

Figure 3. Computed tomography angiogram
one month after the acute event

could occur due to benign or malig-
nant renal tumors, vascular lesions
such as polyarteritis nodosa, anatomi-
cal lesions as renal cysts, renal infec-
tions, or nephritis [2]. Between 2003
and 2011 just 250 cases have been
reported [6, 7]. Renal neoplasms are
the most common cause of WS, ac-
counting for 60-65% of all cases in
which renal angiomyolipoma is the
most common benign neoplasm re-
sponsible for WS [5, 7]. Renal cell
carcinoma could also be the cause of
WS, but in only 0.3-1.4% of cases [7].
This potentially life-threatening con-
dition which could be associated with hypovolemic shock
is also followed by other symptoms, such as acute lumbo-
abdominal pain and palpable abdominal mass, symptoms
forming the so-called LenK’s triad [2]. Although clinical
guidelines for managing WS are not yet well established,
the appropriate treatment for patients with WS depends
on the right diagnosis that a bleeding has occurred, in
which contrast-enhanced CT scan, as a method of choice
with a sensitivity of 100%, has the most important role [7].
Although successful in the diagnosis of perirenal hemor-
rhage, CT scan has much lower sensitivity in identifying
the renal neoplasm causing hemorrhage [8, 9].

If initial CT scan shows no mass responsible for the
bleeding, angiography should be performed in order to
reveal eventual vascular lesions and to perform emboliza-
tion [10]. This could be very helpful especially in some rare
cases such as segmental arterial mediolysis, as reported by
Skeik et al. [11].

Thus, angiography and arterial embolization represent
an important tool in diagnosis and therapy of spontaneous
retroperitoneal hemorrhage. In some cases, as in the case
of spontaneous retroperitoneal bleeding due to metastatic
testicular germ tumor, as reported by Luis Eduardo et al.
[12], it is not possible to dominate the bleeding just by
using embolization. In those cases, an exploratory lapa-
rotomy with or without partial nephrectomy is needed
[12]. A surgical intervention is necessary every time the
hypovolemic shock caused by acute bleeding cannot be
dominated by arterial embolization.

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):725-728
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Thus, the main problem in WS is defining the source of
bleeding in order to postulate the correct therapy.

In our case, it was not possible, in the acute phase, to de-
fine the cause of bleeding. Fortunately, the bleeding limited
itself spontaneously and the patient was treated conserva-
tively. This did not ensure that the bleeding source was not
still present. The literature reports that if a CT scan, fol-
lowed by angiography, does not reveal the bleeding source,
a CT scan should be repeated later, as it is obvious that if
the hemorrhage is massive, a possible renal cell carcinoma,
angiomyolipoma, or other renal bleeding sites, such as re-
nal cysts, could be seen just after the resorption of the he-
matoma [13]. That has also been proven, not just in cases
of renal angiomyolipoma or clear cell carcinoma, but also
in rare cases of renal sarcoma presenting WS [14]. Thus,
we performed a CT scan at one, three, and six months after
the acute phase. As seen from the presented figures, we
were not able to elucidate the real cause of bleeding even
six months after the acute event.

It is worth mentioning that hematologic issues can con-
tribute to WS. As reported, some patients with end-stage
renal disease are predisposed to bleeding diathesis in the
setting of uremic platelet dysfunction, anemia, irregulari-
ties in von Willebrand factor, and impaired platelet — vessel
wall interaction [15, 16].
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All those factors were excluded in our case, given the
young age, complete negative anamnesis and normal labo-
ratory findings of the patient.

The patient was treated conservatively, which cor-
responds to previous findings on WS, stating that if the
patient is hemodynamically stable in the acute phase,
nephrectomy or partial nephrectomy should be deferred.
A recent Korean study of 28 patients with WS stated that
the definitive treatment of WS will depend on the clinical
condition and the underlying cause, with possible thera-
peutic options including conservative therapy, angioem-
bolization, nephron-sparing surgery, or radical nephrec-
tomy [3, 17]. More interestingly, they found that five of 28
patients had no obvious cause of perirenal bleeding. This
was also the case with our patient, given that nephrectomy
or partial nephrectomy were not needed even later, as no
malignant pathology could be observed.

In conclusion we can say that, although a vast majority
of WS cases are represented by angiomyolipoma or by renal
cell carcinoma, the cause sometimes remains unknown. In
the present report we described a rare case of idiopathic
WS whose cause could not be diagnosed even after six
months of follow-up.
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Pepak cnyyaj cnoHTaHe nepupeHanHe xemoparuje — ByHaepanxos cMHApPOM

lopaH ApaHhenosuh, CrepaHo Jlan, Knayamo Munatu

bonHuua,Ceetn JoBaH 1 Masne’, KnuHuka 3a yponorujy, BeHeuuja, Utanuja

CAXETAK

YBopa CrioHTaHa nepripeHanHa xemoparuja unv ByHpepnvxos
CYHAPOM NpefcTaBiba pefjak eHTUTET y yponoruju. Y Hajgehem
6pojy cnyyajeBa y3pok oBor GeHoMeHa npefcTaB/bajy aHrmo-
MVONNMOMY 1 KapuuoHommn 6ybpera. Matbe 3acTynsbeHu cy
y3poLy BacKynapHe NpUpoAe, NoANLUCTUYHN 6ybpe3n, Hofo3-
HW NOAVAPTPUTUC, NjeNoHEGPUTIC TN UANOMATCKIA GpakTopy.
TpeTmaH oBUXx 60NneCHUKa 3aBNCK OF KNMHWNYKMX NapaMeTapa
Ha Npujemy, Kao 1 0f NPUCYCTBa EBEHTYaNHUX MannUrHUX 6y-
6pexHNX obosberba.

Haw uub je 61o npefcTaBUTY pefak cryyaj penatmBHO mMia-
Jor 6onecHvKa ca ByHaepnmxoBrm cUHLPOMOM Koju Huje 610
Y3pOKOBaH HUjeJHOM [J0 AlaHac 3HaHUX NaTosoruja.

Mpukas 6onecHuka lMprikasyjemo ciyyaj 50-rogriirber 6onec-
HVKa ca CMOHTaHUM NepripeHaNHUM KpBaperem Ynju Y3poK

DOI: https://doi.org/10.2298/SARH210410089A

HUWje OTKPUBEH HY Noche WecT Meceuy npahera of akyTHOr
KpBapetba.

3aK/byyak Y ciyyajeBumMa NepupeHasHor KpBapeta, y3poK
He MoXe yBeK 61T OTKpKBEH Mo npujemy 6onecHrKa, ynpKkoc
AaHaLUHbVIM BPJIO Pa3BUjeHr M PanoSIOLLKNM MeToAaMa. Y OBUM
Clly4yajeBMMa BaXKHO je MMaTy Ha yMy fa je ay»Ke npahetbe oBUX
6onecHnKa, nocsie akyTHOr KpBapetba, Of CYLUTUHCKE BaXKHOCTU
3a yCrnocTaBsbakbe NpaBe AnjarHo3e, C 0631MPoMm Ha To fja nepu-
peHasiH/ XeMaToOM MO>Ke MacKMpaTy NPUCYCTBO eBeHTyanHor
MasiMrHuTeTa. Y BpJio peTKUM ClyyajeBriMa y3poK nepupe-
HaJHOT KpBapetba He MOXe OUTI OTKPVBEH HU MOCE AyXKer
npahetba.

KrbyuHe peuun: ByHaepimxos CMHAPOM; MepUpeHanHa Xemo-
paruja; aHrmoM1MosiMnom
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Prognostic value of optical coherence tomography
in chronic chiasmal compression

Desanka Grkovi¢, Sofija Davidovi¢, Sava Barisi¢, Nikola Babi¢, Svetlana Pavin

Clinical Centre of Vojvodina, Eye Clinic, Novi Sad, Serbia;
University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia

SUMMARY

Introduction Sellar and parasellar region lesions, such as pituitary adenoma, often lead to the
compression of the optic chiasm. Consequentialy, visual field (VF) defects and loss of visual acuity
are common complaints in these patients. The aim of this report is to evaluate if optical coherence
tomography, measuring retinal nerve fibre layer (RNFL) and ganglion cell complex thickness (GCC), offers
a reliable prediction of visual outcome in patients with chronic chiasmal compression from a pituitary
macroadenoma.

Case outline We present a case of chronic chiasmal compression from a pituitary macroadenoma with
an initial binocular VF defect and low values of optical coherence tomography parameters binocularly.
The average value of RNFL on the right eye pre/postoperatively was 48/79 pm, while on the left eye it
was 56/63 um. The average value of GCC pre/postoperatively was 47/46 microns on the right and 45/46
microns on the left eye. Six weeks after surgical optochiasmal decompression, macular GCC on both eyes
and RNFL on the left eye remained largely unchanged, while RNFL of the right eye exhibited increases
in thickness, as the postoperative consequence of the removal of the conduction block. Neither VF nor
visual acuity showed postoperative improvement.

Conclusion Irreversible damage to the GCC and RNFL by longstanding compression results in poor
visual outcome after surgery. Ganglion cell layer of the macula is a more accurate and reliable indicator
of postoperative visual outcome.

Keywords: optical coherence tomography; macular ganglion cell layer; peripapillary retinal nerve fiber

layer; visual outcome; suprasellar mass

INTRODUCTION

Compressive optical neuropathies are among
the most important anterior optical pathways
diseases that can lead to severe impairment of
visual function. Compressive optic neuropa-
thy is a group of diseases caused by mechani-
cal comperssion of retinal ganglion cell (RGC)
axons of the optic nerve. Chiasmal lesions may
be caused by pituitary adenoma, craniopharyn-
gioma, meningioma, cysts, and aneurysm.

Surgical removal of the lesions is an impor-
tant aspect of clinical management. One of the
primary indications for surgical management
of chiasmal compression is the progressive loss
of visual function. Surgical treatment enables
decompression of the optochiasmatic complex,
prevents further visual function deterioration,
and enables visual acuity (VA) improvement
at the same time. Visual recovery after surgical
tretment of the chiasmal compression occurs
in stages, with the removal of the conduction
block, followed by secondary remyelination and
restoration of the axoplasmic flow over months
to years [1].

Pituitary adenoma is the most common
anterior optical pathways’ disease. As a con-
sequence, visual impairment, including visual
field (VF) defects and loss of VA, is a common
complaint [2, 3].

Several predictors for the improvement of
visual function after decompression of the an-
terior visual pathway have been studied, includ-
ing duration of symptoms, age, preoperative
VA, tumor size, optic disc pallor, funduscopic
appearance of the retinal nerve fiber layer
(RNFL), with coflicing results [3-6].

With the development of optical coherence
tomography (OCT), more objective mea-
surements of optic nerve damage and more
objective prediction of visual outcome after
treatment of pituitary adenomas have become
available [7-19].

The aim of this report is to evaluate if OCT
offers a reliable prediction of visual outcome in
a case of chronic chiasmal compression from
a pituitary macroadenoma. We used objec-
tive parameters of the thickness of the RNFL
and the thickness of the ganglion cell complex
(GCO).

CASE REPORT

A 65-year-old woman presented with an eight-
month-long history of malaise, weakness, fron-
tal headaches, and blurred vision in both of her
eyes. Complete neuro-ophthalmic examination,
including the VA test (Snellen charts), color vi-
sion test, VF analysis (Humphrey field analyzer;
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Carl Zeiss Meditec Inc., Dublin, CA, USA), full field 120
point suprathreshold test, ocular motility test, dilated ste-
reoscopic fundus examination, and OCT measurements of
the RNFL and the macular ganglion cell-inner plexiform
layer (GCIPL) thickness, was done.

OCT imaging was conducted after pupil dilation (ad-
ministration of 1% tropicamide eye drops), using the
Cirrus OCT (OCT-3, OCT software version 6.0; Carl
Zeiss Meditec Inc., Dublin, CA, USA). RNFL Optic Disc
Cube 200 x 200 and Macular Cube 512 x 128 scan proto-
cols were used. The ganglion cell analysis algorithm was
used to determine macular GCIPL thickness within the
14.13 mm?” elliptical annulus area centred on the fovea.
Six sectoral (superior, superonasal, inferonasal, inferior,
inferotemporal, and superotemporal) GCIPL thickness
values were used for analysis. The Cirrus SD-OCT algo-
rithm calculated the peripapillary RNFL thickness at each
point on the circle of 3.14 mm? centered on the optic disc.
Four-quadrant (superior, nasal, inferior, and temporal)
RNFL thicknesses were used for analysis.

The patient had normal ocular position and motility
with pupils of equal sizes. Dilated fundus examination
revealed atrophic optic nerve head in the right eye and
subatrophic optic nerve head in the left eye.

On examination, the patiet’s VA (Snellen) was 0.03 in
the right eye and 0.6 in the left eye, and there was a mild
right relative afferent pupillary defect and red desaturation
in the right eye.

VF testing demonstrated preservation of the central
30° in the nasal half of the left VF and total VF loss in the
right eye.

Due to the concern of a chiasmal le-

Grkovi¢ D. et al.

Table 1. Thickness of the retinal nerve fiber layer [um]

Preoperative Postoperative

Parameter - -
righteye | lefteye | righteye | lefteye

Average thickness 48 55 79 53
Superior quadrant 50 65 66 64
Inferior quadrant 47 65 73 63
Nasal quadrant 51 48 117 44
Temporal quadrant 44 42 60 42

Figure 1. Nuclear magnetic resonance scan of the endocranium with
optochyasmal compression

Table 2. Thickness of the macular ganglion cell layer [um]

Preoperative Postoperative

Parameter - -
righteye | lefteye |righteye | lefteye

Average thickness 47 45 46 46
Superior sector 49 44 47 44
Inferior sector 47 44 48 41
Superonasal sector 46 42 45 47
Inferonasal sector 48 40 44 42
Superotemporal sector 42 50 44 49
Inferotemporal sector 45 52 45 52

sion, magnetic resonance imaging of the
endocranium was performed and revealed
a pituitary macroadenoma measuring
28 x 37 x 36 mm. The tumour extended
supra, para, and infrasellary and throughout
both cavernous sinuses, with pronounced
compressive effect on the prechiasmal part
of both optic nerves and the chiasma itself
(Figure 1).

Additionally, there were multiple endo-
crinological disorders observed, including
dropout of thyroid, adrenocorticotropic,
somatotropic, and gonadotropic function.
Patohystologic examination confirmed the
case of gonadotropic adenoma, a neuroen-
docrine hypophyseal tumour.

Neurosurgical treatment involved subto-
tal tumor resection.

OCT showed pronounced thinning of
RNFL (Table 1, Figure 1) and macular GCC
binocularly (Table 2, Figure 4).

Nuclear magnetic resonance examination
six weeks after surgical treatment revealed
a larger residual lesion in the right sellar re-
gion and within the right cavernous sinus,
with minimal growth of the tumor inside
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Figure 2. Preoperative retinal nerve fibre layer (RTNL) thickness

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):729-733



Prognostic value of optical coherence tomography in chronic chiasmal compression

RNFL Thickness Map

Op

Disc Center(0.00,0.36)mm
Extracted Horizontal Tomogram

RNFL Thickness
—0D --- 05

TEMP

Dweeshed
Dutibuton of Nowas

O .

NA  S5X 5% 1%
7 44

RNFL
Quadrants

RNFL Thickness Map

Disc Center{0.00,-0.24)mm
Extracted Horizontal Tomogram

All procedures performed in this report
were in accordance with the ethical stan-
dards of the 1964 Declaration of Helsinki
and its later amendments or comparable
ethical standards. Written consent to ana-
lyze and publish all shown material was ob-
tained from the patient and the approval for
the study was given by Ethics Committee of
the Eye Clinic, Clinical Centre of Vojvodina.

DISCUSSION

Tumors of the sellar, suprasellar, and para-
sellar region, which compose 30% of all
intracranial tumors according to multiple
authors, are a complex neurosurgical prob-
lem even today. This is mainly the conse-
quence of their close anatomical relations
with the vital structures of this region - the
internal carotid artery and its branches, the
hypothalamus, the infundibulum and the
pituitary gland, with the optic nerves and
their chiasma.

Individual variations of the chiasmal po-
sition and the inclination of its oblique plain
determine the duration of the “quiet stage”
of the growth of pituitary adenoma needed

Figure 3. Postoperative retinal nerve fibre layer (RNFL) thickness

for the deterioration of the visual function.
The gradual, slow decline of the visual func-
tion, headaches, a mild endocrine disorder
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result in the late physician involvement,
with already enlarged tumors of uncertain
prognosis for visual recovery.

In recent years, it has been established
that patients who have an objectively mea-
surable RNFL loss and the loss of retinal
GCC at the time of surgery for chiasmal

OS Deviation Map

Figure 4. Preoperative ganglion cell complex thickness

GCL - ganglion cell layer; IPL - inner plexiform layer

compressive lesions are less likely to have
recovery of VA or VF after surgery [9-16].
Thinner preoperative RNFL and macular
GCC thickness were found to be associ-
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ated with poorer VA and VF after surgery.
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This also supports the notion that preserved
OCT RNFL and macular GCC thickness
confer a good visual outcome.

In this case, chronic chiasmal compres-
|| sion caused not only a conduction block but
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also a significant atrophy of the RGC, con-

Figure 5. Postoperative ganglion cell complex thickness

GCL - ganglion cell layer; IPL - inner plexiform layer

unchanged. OCT parameters - macular GCC on both
eyes and RNFL thickness of the left eye remained largely
decreased, as on initial presentation, while RNFL showed
signs of improvement as the consequence of postoperative
removal of the conduction block (Figures 3 and 5). The
VF defect was unchanged binocularly (Figures 6 and 7).

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):729-733

firmed with OCT parameters that remained

mostly decreased.
Although our study’s follow up period
was only eight weeks, the results proved to
be comparable with the findings of Danesh—Meyer et al.
[11], which, in a series of 40 cases with chiasmatic com-
pressive lesions, with OCT and VF analysis, showed that
pre- and post-decompression treatment in patients with
thin RNFL did not demonstrate significant improvement
in VA and VE Min et al. [5], Zhang et al. [15], as well as Lee
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Figure 6. Full-field 120 point perimetry test of the left eye preopera-
tively

etal. [16] found with preoperative and postoperative RNFL
thickness analysis that eyes with visual defects but normal
preoperative RNFL thickness showed a significantly greater
improvement in postoperative visual function than those
with thin preoperative RNFL thickness. Similarly, Jacob
et al. [6] demonstrated that circumpapillary RNFL thin-
ning measured by OCT decreased the patient’s chances of
recovery of initial VF defect three months after treatment.

Some researchers also explored the predictive value of
RNFL thicknesses in different quadrants [2, 6, 15, 17, 20].
Chiasmal compression is well-known to cause more thin-
ning of the nasal and temporal sectors of the peripapil-
lary RNFL thickness, and predominantly nasal hemiretina
thinning of macular GCC, something we were not able to
confirm in our patient due to extreme thinning of RNFL
and GCL in all sectors [2, 17, 20].

While the majority of the research has focused on mea-
suring the peripapillary RNFL, recent data suggest the gan-
glion cell layer - inner plexiform layer of the macula may
be a more accurate and reliable biomarker of vision [6,
7,8, 10, 12, 15, 17, 18]. According to numerous authors,
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Figure 7. Full-field 120 point perimetry test of the left eye postop-
eratively

GCC thinning, found in our patient as well, remaines rela-
tively unchanged before and after decompression [17-20].
Consequently, patients with GCC loss before decompres-
sion had decreased chances of recovery of postoperative
VE, the fact we can agree based on the postoperative VF
in our patient [17-20].

RNFL and GCC thickness measured by OCT have been
identified as useful prognostic indicators in the preopera-
tive assessment of chiasmal compression and became an
important aspect of the pre-treatment evaluation of pitu-
itary tumors. OCT analysis may be an objective method to
diagnose and follow patients with chiasmal lesions.

In the patient from our report, chronic chiasmal com-
pression led to pronounced axonal damage, manifested in
significant RNFL and GCC thinning and poor postopera-
tive recovery of visual function. Ganglion cell layer of the
macula proved to be a more accurate and reliable indicator
of postoperative visual outcome.
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MporHocTUYKa BpeAHOCT ONTUYKE KOXePeHTHe Tomorpaduje Kog XpOHUUHe

XujasmanHe Komnpecuje

[JlecaHka pkosuh, Coduja lasmposuh, CaBa bapuwinh, Hukona babuh, CeetnaHa MasuH
KnuHuukn uenTap BojsoguHe, Knuhika 3a ouHe 6onectu, Hosu Cag, Cpbuja;

YHuBep3uteT y HoBom Cagy, MeguuuHckn dakyntet, Hosn Cag, Cp6uja

CAXETAK

YBop CynpacenapHe eKcnaH3vBHe fie3nje, Kao LUTO Cy MaKpo-
apeHomm xunoduse, NPUTUCKOM Ha OMTUYKY XWja3My JOBOAE
[0 Najia BUAHe OLUTPVHE 1 UCMaja y BUAHOM Nosby Hajuelhe Ha
06a oka. [laHac ce ynoTpe6om onTnYKe KOXEPEHTHE TOMOrpa-
duje mory yTBpANTU CcTeneH owTtehera 1 MoryhHOCT noctone-
paTyBHOr No6osbluatba BUAHE GyHKLMje.

Linmb papa je Aa ce Kpo3 npukas 60necHrKa ca MakpoageHOMOM
Xunodmse 1 XPOHUYHOM KOMMPECKjOM OMTUYKE X1jasme ncnuTa
fia In MepetrbeM feb/buHe Cloja HEPBHUX BNakaHa peTuHe 1
MaKynapHOF c/oja raHrmmjckux hennja onTMYKOM KOXepPEeHT-
HOM TomMorpadujom goburjamo 06jeKTUBHY U peasiHy NPOoLeHy
MoCTonepaTUBHOT CTakba BUAHE GyHKLYje.

Mpukas 6onecHnka Mprkasanu cMo 6onecHWKa ca Makpoage-
HOMOM XVMOpU3€e U XPOHUYHOM KOMMPECUjOM OMTUYKE X1jasme
ca VHULWjanHMmM 6MHOKYNapHIM 1CNazoM BUGHOT NoJba, NafiomM
B/JHE OLUTPUHE 1 BEOMA HUCKUM BPEAHOCTVIMA AebIbrHE Cloja
HEPBHWX BflakaHa PeTVHE N MaKynapHOT C/1oja raHrmujckux he-
nwja Ha o6a oka. Cpearba BpeAHOCT AebbuHe Coja HepPBHYX
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B/lakaHa peTuHe NpeonepaTnBHO/NOCTONEPTUBHO Ha AECHOM
OKy M3HOCKNa je 48/79 MUKPOHa, a Ha NeBoM 56/6 MUKPOHa.
Cpegtba BPeAHOCT AebIbriHe MaKyapHOT C/10ja FaHMINjCKUX
henwja npeonepatnBHO/NocTonepaTBHO 6Una je Ha AeCHOM
oKy 47/46, a Ha neBoM 45/46 MMKpoHa. BugHo nosbe Ha oba
OKa He MoKasyje NocTonepaTviBHO NObObLUaHE, KAao HY BUAHA
OLTPMHa.

3aK/byyaK Y 0BOM Ciyyajy n3paxeHo olwTehere raHmmnjckux
henwvja makyne n HepBHUX BlakaHa ONTUYKOT HEPBA YCNeA
XPOHUYHE KoMnpecuje NoTBPhHeHO je mapameTpumMa OnTUUKe
KoXepeHTHe Tomorpaduje — cnojem HepBHUX BlakaHa PeTUHe 1
MaKynapH1M cnojem raHrvjckux henuja. [lebmbriHa MakynapHor
cioja raHrnmjckux henmja 'y ogHocy Ha febsbrHy Croja HepBHUX
BflakaHa PeTUHe je 60sby MOKa3aTesb MOryhHOCTM nocTonepa-
TUBHOT NoOOJbLLIaba BUAHE GYHKLNje.

KmbyuHe peun: onTumuka KoxepeHTHa Tomorpaduja; cnoj raH-
rnvjckux henvja makyne; Cioj peTmHaaHUX HEPBHUX BlakaHa;
1CXop BuAHe GyHKLMje; cynpacenapHu Tymop
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SUMMARY

Introduction Leber’s hereditary optic neuropathy (LHON) typically affects young adults, with a higher
prevalence in men, but can ultimately occur at any age, as well as in women. LHON is caused by point
mutations in the mitochondrial DNA. Classically, LHON presents as a subacute unilateral loss of visual
acuity, dyschromatopsia in the red—green axis and a central or centrocecal scotoma. The contralateral
eye usually develops similar symptoms within 3-6 months of the disease onset.

Case outline A 55-year-old male patient presented to a neurologist 20 days after the onset of vision loss.
The patient was admitted as an emergency case to the Clinic for Eye Diseases due to a sudden vision loss
in both eyes. The best corrected visual acuity in both eyes was 4/60. The intraocular pressure on both
eyes was normal. Oedema of the optic nerve head was found on the right eye and a disc with blurred
borders was seen on the left eye. During hospitalization, several consultative examinations and diagnostic
procedures were performed, together with blood laboratory and visual field perimetry. Genetic testing
for LHON as well as antibodies to AQ4, immunoserology, virology, and lumbar puncture were performed,
as well as the visual evoked potential and ultrasound examinations.

Conclusion In our patient, the presence of a heteroplasmic mutation m.11778 G>A (MT-ND4) in the
mitochondrial DNA analyzed from a peripheral blood sample was shown. In the available literature, this
is the first documented LHON case demonstrating complete restitution of visual acuity in both eyes.
Keywords: Leber’s hereditary optic neuropathy; sudden loss of vision; mitochondrial DNA mutation
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INTRODUCTION

Leber’s hereditary optic neuropathy (LHON)
typically affects young adults with a higher
prevalence in men, but it can ultimately occur at
any age and in women. LHON is caused by point
mutations in the mitochondrial DNA, which
lead to a defect in complex I of the mitochondri-
al respiratory chain. This in turn causes dysfunc-
tion and later degeneration of retinal ganglion
cells, followed by ascending optic atrophy [1].
Mitochondrial deficiency of respiratory complex
1 compromises adenosine triphosphate produc-
tion and oxidative stress management in reti-
nal ganglion cells. The most common LHON-
causing mutations are 11778G>A, 3460G>A,
and 14484T>C point mutations in MT-ND4,
MT-ND1, and MT-ND6 [2]. Classically, LHON
presents as a subacute unilateral loss of visual
acuity, dyschromatopsia in the red-green axis,
and a central or centrocecal scotoma. The con-
tralateral eye usually develops similar symp-
toms within 3-6 months of the disease onset.
In 25% of the cases, however, the disease begins
bilaterally [1]. Most patients deteriorate to acu-
ities poorer than 20/200 (0.1). Pupillary light
responses may be relatively preserved when
compared with the responses in patients with
optic neuropathies from other causes [3]. The
classic fundus appearance triad includes the fol-
lowing: 1) hyperemia and elevation of the optic

disc, with thickening of the peripapillary retina;
although the disc appears swollen, it does not
leak on fluorescein angiography; 2) peripapillary
telangiectasia, and 3) tortuosity of the medium-
sized retinal arterioles. These findings can de-
velop before vision loss begins.

The fundus can also appear entirely normal
(in > 40% of cases in one referral series) [4]. No
treatment has been demonstrated to be effec-
tive. Corticosteroids are still one of possibili-
ties for LHON treatment despite newer drugs
such as idebenone or gene therapy. Idebenone
may increase mitochondrial energy production
and may improve the outcome of LHON. Novel
therapies such as estrogen and gene therapy are
being explored. Controversy exists whether to-
bacco or excessive alcohol intake, which might
stress mitochondrial function, play an initiating
role in LHON [5].

CASE REPORT

A 55-year-old male patient presented to a neu-
rologist 20 days after the onset of vision loss.
Simultaneously, he was treated by an otorhi-
nolaryngologist for antibiotic-treated sinusitis.
The patient had been treated for arterial hyper-
tension for several years, and had been wear-
ing a hearing aid. On examination, the neu-
rological status was otherwise unremarkable.



Leber’s hereditary optic neuropathy with complete visual recovery - the first report

Multi-slice computer tomography of the endocranium
revealed no pathology. Blood laboratory analyses were
performed. Complete blood count showed mild erythro-
penia (4.34 x 10'%/1); mean corpuscular volume was 104 fL,
and mean corpuscular hemoglobin of 35 pg. Biochemical
analyses showed a high value of total bilirubin (43 umol/L);
ferritin was 325 ng/mL, aspartate transaminase was 81
U/L, alanine transaminase 145 U/L, gamma-glutamyl
transferase 536 U/L. Electrolyte and inflammatory factor
values were within the reference ranges.

The patient was emergently admitted to the Clinic for Eye
Diseases due to a sudden vision loss in both eyes. The best
corrected visual acuity in both eyes was 4/60. The intraocular
pressure was 16 mmHg on both eyes measured by applana-
tion tonometry. Signs of dry eye were found on the anterior
segment examination. The optic nerve head manifested oe-
dema on the right eye and blurry borders on the left eye.

Computerized perimetry was performed on the first,
fourth, and eighth day. A centrocecal scotoma was ob-
served in both eyes, enlarging on each subsequent image.
On the first day, visual field demonstrated a mean devia-
tion (MD) of -9.51 dB on the right eye (RE) and of -13.38
dB on the left eye (LE). On the fourth day, the MD in the
RE was -9.58 dB, and in the LE it was -19.42 dB. On day
8, MD was -19.24 dB in the RE and -26.65 dB in the LE.

During hospitalization, several ancillary examinations
and diagnostic procedures were performed. X-rays of the
lungs and heart as well as paranasal sinuses did not show
pathological changes. On the second day of hospitaliza-
tion, magnetic resonance imaging of the endocranium was
performed, which showed supratentorially bilateral chronic
microangiopathic changes in the white matter of the brain
and initial periventricular ischemic leukoencephalopathy.
Chronic mastoiditis was found on both sides. Antinuclear
antibodies were not detectable.

The patient was examined by an internal medicine spe-
cialist. A gastric volvulus was found and he did not receive
consent for the use of pulse corticosteroid therapy at that
moment. Multidetector row computed tomography of the
thorax was without pathological changes.

On the third day of hospitalization, a consultant neu-
rologist introduced pulse corticosteroid therapy. Genetic
testing for LHON, as well as antibodies to AQ4, immuno-
serology, virology, and lumbar puncture were performed.
It was advised to continue with corticosteroid treatment at
the Clinic for Neurology Diseases. Visual evoked potentials
testing was performed, and prolonged P100 latency was
found on both eyes (right: 136 ms; left: 146 ms).

Immunoelectrophoresis was performed and it identified
parallel oligoclonal IgG bands in the cerebrospinal fluid
and serum with identical number and intensity. The find-
ings support systemic immune activation. A color Doppler
scan of the blood vessels of the neck indicated a moderately
thickened intimomedial complex with no plaques. Carotid
and vertebral arteries of regular diameter and direction
were found. Transcranial color Doppler showed normal
findings on the anterior and vertebrobasilar blood flow.
Retroorbital ultrasound revealed regular hemodynamic
parameters in central retinal and ophthalmic arteries
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bilaterally. Clinical decision support of the temporal artery
neat was with no signs of temporal arteritis.

Detection of these mutations was performed using capil-
lary electrophoresis on an automatic sequencer (3500 Genetic
Analyzer; Thermo Fisher Scientific, Waltham, MA, USA).
The results were analyzed using Sequencing Analysis Software
v. 5.3.1. (Thermo Fisher Scientific). In our patient, the pres-
ence of a heteroplasmic mutation m.11778 G>A (MT-ND4) in
mitochondrial DNA analyzed from a peripheral blood sample
was shown. This confirmed the diagnosis of LHON.

Pulse corticosteroid therapy was administered for five
days at a dose of 1 g, after which there was a significant im-
provement in visual acuity. Visual acuity in both eyes was
improved to a maximum of 1.0 (200/200) and it was per-
manently maintained over the next two years of follow-up.

Written consent for publication of the article has been
obtained by the patient’s family member.

DISCUSSION

In the available literature, this is the first documented
LHON case demonstrating complete restitution of visual
acuity in both eyes with LHON.

Polymerase chain reaction amplification and sequenc-
ing of mitochondrial DNA regions containing muta-
tions m.11778G>A (MT-ND4), m.14484T>C (MT-ND6),
m.3460G>A (MT-NDI) have been shown to occur in about
90% of patients with LHON.

In a study by Mashima et al. [6], the effect of ideben-
one (Raxone; Santhera Pharmaceuticals Holding, Pratteln,
Switzerland) was monitored in patients with LHON.
Twenty-five (20.5%) of the 122 eyes had a recovery of their
visual acuity to > 0.2.

In a study by Newman et al. [7], among 695 patients
with LHON, in patients with the m.11778G>A mutation,
recovery of meaningful vision likely occurs in less than
20% of patients, irrespective of how recovery is defined,
and ultimate visual acuities of better than 20/200 are rare.

The m.11778G>A LHON patients treated with gene
therapy rAAV2/2-ND4 exhibited an improvement of vi-
sual acuity over more than four years after vision loss to
a degree not demonstrated in natural history studies [8].

Options for the effective treatment of hereditary optic
neuropathies have been a long time coming. The successful
launch of the antioxidant idebenone for LHON, followed
by its introduction into clinical practice, was an important
step forward. Nevertheless, other options, especially for a
variety of mitochondrial optic neuropathies, such as domi-
nant optic atrophy, are needed, and a number of pharma-
ceutical agents, acting on different molecular pathways, are
currently under development. These include gene therapy,
which has reached Phase III development for LHON [9].

Our case advocates that there is no secure treatment for
visual outcome in patients with LHON. In our experience,
introducing pulse corticosteroid therapy as soon as pos-
sible is highly recommended in LHON patients.

Conflict of interest: None declared.
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NebepoBa xepeauTapHa ONTUUYKA HeyponaThja ca NOTNYHUM ONOPaBKOM BUAHE

OWTPUHE — NPBU NPUKaA3 6onecHuKa
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CAMETAK

YBop JlebepoBa xepeanTtapHa onTryka Heyporatuja (JIXOH) Tu-
nnyHo noraha mnahe Jbyae ca Behom npeBaneHLom Kog MyLLKa-
paLa, anv Moxe ce fecuTi 'y 1o KoM X1BOTHOM o6y 1 Takohe
Ko »xeHa. JIXOH HacTaje 360r myTaLuje y MUTOXOHAPWjAJTHO]
[OHK. KnacnuHo ce npe3eHTyje ca cy6aKyTHUM YHUNATEPANHIAM
ry6rTKOM B1Aa, AMCXPOMATOMNCUjOM Y LIPBEHO-3€/IEHOM CMEKTPY
1 LEHTPaHUM UNIN LeHTPOLeKaHUM CKOTOMOM. [pyro oko
00MYHO pa3Buja ClMYHe CUMMTOME 3a TP A0 LWEeCT MeceLu o
nouetka 6onectu.

Mpuka3 6onecHuKka bonecHrK cTapocT 55 roguHa Jowao
je Ha nperneg Kog Heyposora 20 faHa HAKOH U3HEHAAHOT ry-
6uTKa Buga. Ogmax je ynyheH Kao xutaH cnyyaj Ha KnuHuky
3a 0YyHe 6onecTu 360r U3HeHaHOT rybrTKa BuAa Ha 06a oKa.
Haj6osbe kopurosaHa BuHa OLWITPMHA Ha 06a OKa je n3Hocuna
4/60. VIHTpaoKynapHv NpuTUCaK je 6Mo HopmasnaH Ha 06a OKa.
Enem rnaBe onTnyKor HepBa je 61Mo NPKCYTaH Ha JECHOM OKY,

DOI: https://doi.org/10.2298/SARH210729087K

a Ha JIeBOM Ce HejaCHO OrpaHu1yaBasa riasa ONTUYKOr HepBa.
Tokom xocnuTanu3auuje je ypaheHo BuLIe Pa3NINUNTX KOH-
CyNTaTUBHYX Npernesa 1 4njarHoCTUYKNX NPoLieaypa, 3ajeqHo
ca nnabopaTopujcKoM aHanM3oM KpBWY 11 KOMMjyTePU30BaHUM
BUAHUM NosbeM. YpaheHa cy reHeTcKa TecTpara Ha JIXOH, kao
1 aHTMTeNa 3a AQ4, UMyHOCepOosorujy, BUPONorujy v iymoanHy
nyHKUujy. YpaheHn cy Takohe BU3yenHu eBoLypaHy NoTeHLmja-
nn — BE n ynTpa3syyHu npernes.

3aksbyuak Kop Haler 6onecHuKa je npoHaheHa xeTepona-
3mMaTcKa MyTaumja m.11778 G>A (MT-ND4) y MUTOXOHAPWjaHOj
OHK pobujeHom aHann3om y3opka nepudepHe Kpsu. Mperne-
[OM JOCTYIMHe NIMTepaType, 0BO je MPBY JOKYMEHTOBaHM ClyYaj
JIXOH Kojv nokasyje KomneTaH onopasak B/AHE OWTPUHE Ha
06a oka ca JIXOH.

KmbyuHe peun: JlebepoBa xepeanTapHa onTyKa Heyponatuja;
U3HEHaAHW rybuTak Braa; MUTOXoHApUjanHa myTaumja AHK
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SUMMARY

Currently, arterial hypertension is the most massive chronic non-infectious disease of mankind. It may
remain undiagnosed for years, provoking later complications, such as acute heart failure, cerebrovascular
stroke, myocardial infarction, renal failure, hypertensive retinopathy, or sudden death. Primary arterial
hypertension is more common, while secondary occurs in about 5-20% of cases. The recent studies have
shown that stress may be a core factor in the development of essential hypertension in some patients.
For the patients suffering from post-traumatic stress disorder, stress is the dominant etiological factor
that leads to the disease. It has been proven that chronic stress can affect blood pressure regulation and
endocrine-metabolic functions through the limbic-hypothalamic centers; therefore, it can affect the arte-
rial hypertension development. The strong association between stress and arterial hypertension has also
been confirmed in preclinical and animal studies. For the pharmacotherapy approach, the most important
are beta-adrenergic blockers, angiotensin-converting enzyme (ACE) inhibitors and AT1-receptor blockers
(sartans). As a second line treatment, calcium channel blockers, diuretics, alpha-adrenergic blockers, and
central antihypertensive agents may be required. The anxiolytics, such as benzodiazepines, should be

considered if chronic anxiety and psychosomatic disorders are present.
Keywords: stress; arterial hypertension; therapy; anxiolytics

INTRODUCTION

Arterial hypertension (AH) represents the most
common illness from the cardiovascular dis-
eases (CVD) group, and, according to the latest
data from the World Health Organization, 1.13
billion people worldwide are suffering from it,
while every fourth male and every fifth female
suffered from AH in 2015. In such context,
AH as a contributing factor of CVD is the
most massive chronic non-infectious disease
of mankind nowadays [1]. AH can be primary
and secondary; primary is far more common
(approximately 80-95%) and the cause is un-
known, while secondary occurs in about 5-20%
of cases and occurs as a consequence of other
illnesses [2].

AH represents the most common risk factor
for CVD. A study from March 2021 concluded
that even stage 1 hypertension defined by the
American College of Cardiology and American
Heart Association guidelines was independent-
ly associated with subclinical coronary athero-
sclerosis [3]. In the United States, considerably
higher prevalence of AH has been noted in
African Americans compared to other races.
Thus, in a recent study conducted on a com-
munity-based cohort of African Americans,
it was concluded that higher perceived stress

over time is associated with an increased risk
of developing hypertension [4].

Many organs participate in stress reactivity;
however, the essential role is played by the hy-
pothalamic-pituitary-adrenal (HPA) axis with
corticosteroid secretion, as well as the neuro-
vegetative system and the adrenal medulla with
consequent secretion of catecholamines [2, 5].

ARTERIAL HYPERTENSION AND STRESS

Stress has been noted in SCORE system as one
of the contributing factors to CVD risk in the
European Society of Cardiology / European
Society of Hypertension guidelines for 2018
(Table 1). Blood pressure (BP) represents a
circulatory parameter, which is controlled by
baroreceptors. When BP rises, it affects the
baroreceptors, which are most densely dis-
tributed in the bulbus of the carotid artery
and the aortic arch, and their main charac-
teristic is that they are sensitive to stretching.
Stretching caused by an increase in BP leads to
transmission of information by baroreceptors
along the vagal and glossopharyngeal pathways
toward the solitary nucleus in the brainstem,
which makes single and multiple neural con-
nections to pre-autonomic source nuclei in the
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Table 1. Risk modifiers that increase cardiovascular risk estimated by
the Systemic Coronary Risk Evaluation

Social deprivation, the source of many causes of cardiovascular
diseases

Obesity (according to the body mass index) and central obesity
(measured by waist circumference)

Physical inactivity
Psychosocial stress, including vital exhaustion

Family anamnesis of early cardiovascular disease (before the age
of 55 in men and before the age of 60 in women)

Autoimmune and other inflammatory disorders
Major psychiatric disorders

HIV infection treatment

Atrial fibrillation

Left ventricular hypertrophy
Chronic kidney disease
Obstructive sleep apnea syndrome

brainstem and also to the forebrain. These structures have
crucial role in regulating BP. Psychological stress has been
shown to reliably reduce baroreflex sensitivity, specifically
cardiovagal sensitivity [6].

Studies conducted on animal and human models have
found that the network of cortical areas, limbic system and
brainstem plays an important role in generating and regu-
lating stress-provoked cardiovascular reactivity. It should
be noted that from the pathophysiological aspect, stress-
induced cardiovascular reactions are a consequence of
changes in the sympathetic and parasympathetic nervous
systems as well as in the HPA axis, which act on the heart
and vasculature. Recent research has shown that higher
levels of amygdala activity in rest predict the development
of CVD over a period of 3.7 years. Increased amygdala
activity is associated with changes in immune activity,
and also with arterial inflammation and perceived stress,
which provides evidence of potential pathways that sup-
port the development of CVD [7]. An animal model study
published this year also confirms the link between stress
and AH, with the very interesting conclusion that V1a and
V1b receptors for vasopressin within the paraventricular
nucleus contribute to hypertension in male rats exposed
to chronic mild unpredictable stress [8].

The function of the HPA axis can be evaluated by mea-
suring cortisol in the blood, saliva or urine. The recent data
suggests the measurement of cortisol levels in the hair as a
new biomarker of long-term HPA axis activity [9]. Some of
the mechanisms that explain the development of cortisol-in-
duced hypertension include its mineralocorticoid action in
the form of sodium retention, then the expansion of plasma
volume and inhibition of vasodilatory hormones [9]. There
are several studies that have studied the ways in which stress
can affect the epigenetic regulation of the HPA axis, so one
of them states that DNA methylation of genes involved in
the regulation of glucocorticoids is associated with AH and
subclinical atherosclerosis [10]. Short sleep and discontinu-
ous rest, which are often found in women with depression,
disrupt balance of the sympathetic and parasympathetic ner-
vous system and are associated with hypersecretion of cor-
tisol, thus increasing heart rate and BP [11]. Furthermore,
it is concluded that the intestinal microbiome disturbance,

‘ DOI: https://doi.org/10.2298/SARH210323066N
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which can be a consequence of stress, is associated with AH,
CVD, and metabolic diseases [12].

A study by Rao et al. [13] demonstrated that adrener-
gic polymorphism affects the human response to stress,
and thus BP levels and catecholamine secretion are in-
fluenced by genetic variation of the adrenergic pathway
encoding catecholamine synthesis, specifically a step that
limits the rate of synthesis, which is the enzyme tyrosine
hydroxylase, or a genetic polymorphism for the said en-
zyme. Arosio et al. [14] proved the existence of influence
of mental stress on AH, but also the protective effect of
AT1-receptor blockers on noradrenergic and adrenergic
stress in hypertensive individuals.

The studies concerning stress and AH have been also
conducted in animal models. Earlier publications have al-
ready established a cause-and-effect relationship between
posttraumatic stress disorder (PTSD), where stress is the
dominant etiological factor leading to the disease and AH.
This was also confirmed in a recent study by Xue et al. [15].

PHARMACOLOGICAL ASPECTS

The specificity of stress-induced AH is that in addition
to antihypertensive therapy, drugs that affect the patient’s
mental status, such as anxiolytics, may be recommended.
There are non-pharmacological forms of treatment in
the form of psychological support and psychotherapeu-
tic techniques (relaxation techniques, stress management
techniques, suggestion techniques, positive thinking and
visualization techniques) [16]. For the pharmacological
measures, there are several groups of antihypertensive
drugs available. The most important ones, when treating
stress-induced AH, are beta-adrenergic blockers, angioten-
sin-converting enzyme (ACE) inhibitors and AT1-receptor
blockers (sartans). In case of resistant AH, calcium channel
blockers, diuretics, alpha-adrenergic blockers, and central
antihypertensive drugs may be required. Moreover, some
studies recommend that patients with impaired autonomic
activity and stress-induced AH be genetically profiled in
relation to adrenergic pathways, and if a genetic risk is
identified, it is considered that these patients would benefit
from sympatholytic therapy [13]. The type of sympatho-
lytic therapy most frequently mentioned in the literature
recently is renal denervation. It is a minimally invasive
therapeutic method based on catheter radiofrequency
(although ultrasound or alcohol injection may be used)
ablation of afferent and efferent renal sympathetic fibers,
which is usually reserved for severe AH resistant to phar-
macological treatment and AH with concomitant chronic
renal failure, although it has recently been suggested to
expand the indications to uncomplicated AH [17, 18, 19].
The first study that proves the reduced efferent renal sym-
pathetic innervation after chemical renal denervation in
humans, as well as the positive effects of this procedure on
AH, was published in March 2021 [20].

Beta-adrenergic receptor blockers are not the first in line
for antihypertensive therapy, due to the lower antihyper-
tensive effect compared to some other antihypertensives,
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because of the negative chronotropic effect on the myocar-
dium, which is not desirable in all hypertensive patients,
as well as due to the effect on beta2-adrenergic receptors
in non-selective blockers, thereby reducing insulin secre-
tion. However, for stress-induced AH, in addition to the
antihypertensive effect, beta-blockers also have an effect
on reducing tachycardia, which is almost always present
in these patients. These drugs antagonize the action of
catecholamines and partially lead to the patient’s relaxation
and stress reduction.

The effect of ACE inhibitors is reflected in arterial and
venous dilatation, reduction of peripheral vascular resis-
tance, increase in minute volume, effort tolerance, the ex-
cretion of sodium and water by the kidneys, preventing the
proliferation of the smooth muscle cells, reduction of the
left ventricular hypertrophy. They have an important role
in AH therapy, but also in cases of stress-induced AH [15].
The indications spectrum of AT1-receptor blockers (sar-
tans) is identical to ACE inhibitors. They are introduced
into therapy in case of intolerance to ACE inhibitors; dry
cough as a consequence of bradykinin action caused by
the action of ACE inhibitors, or reduced ACE inhibitors
efficiency in situations of elevated plasma renin. The jus-
tification of their use in stress-induced hypertension can
be found in the conclusion of the study by Arosio et al.
[14], where it has been shown that AT1-receptor blockers
act protectively in noradrenergic and adrenergic stress in
hypertensive patients.

Calcium channel blockers lead to smooth muscle arter-
ies cells relaxation, vasodilation, reduction of peripheral
vascular resistance, and lowering BP. However, these drugs
are not the first in line when treating stress-induced hy-
pertension. It is similar in regard to diuretics and alpha-
blockers, which have no significant application in this case,
except when dealing with resistant stress-induced AH.

The use of anxiolytics should be considered only in the
case of chronic anxiety and psychosomatic disorders. There
are studies that indicate a favorable impact of GABAergic
systems’ modulation in the treatment of anxiety with re-
lated CVD [21]. Benzodiazepines, as positive GABAergic
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modulators, are often prescribed with the internal medi-
cine therapy and added to the treatment of chronic hyper-
tension. Both quantitative and qualitative consumption
data have confirmed this in practice [22]. The advantages
of benzodiazepines are a relatively safe pharmacological
profile and a low risk of serious side effects; however, they
can produce tolerance and dependence after long-term
treatment. The hypertension pharmacotherapy guidelines
do not recommend routine use of benzodiazepines except
when associated with psychiatric comorbidities. Especially
in the older population, simultaneous use of benzodiaz-
epines has been shown to increase the risk of limb frac-
tures and injuries, as well as reduced cognitive abilities
[23]. Some recent experimental studies have indicated that
certain benzodiazepines, like midazolam and diazepam,
can be considered. It has been shown that midazolam in-
duces arterial blood vessels vasodilation, most likely by
voltage-gated calcium channel modulation, while diaz-
epam exerts its effect by alpha-1 receptor modulation [24,
25]. However, their efficacy has neither been confirmed by
meta-analyses nor by long-term follow-up studies.

CONCLUSION

Nowadays, AH represents the most widespread, non-in-
fectious disease of mankind. Chronic stress represents an
increasingly common etiological cofactor, while in some
situations it is the main cause of AH. Thus, it is necessary
to consider and evaluate the presence of stress in the mod-
ern treatment. The decision which pharmacological agents
shall be introduced into therapy depends on comorbidity,
other CVD risk factors, and the patient’s age. There is a
need to primarily introduce beta-adrenergic blockers, ACE
inhibitors, or sartans for the stress-induced AH, while the
use of anxiolytics should only be considered if chronic
anxiety and psychosomatic disorders are present.
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Crpec v apTepmjcka xunepTeHsuja — og natodusmnonoruje o papmakonormje

Hematba HeHesunh', \Panommp MaTyHOBMh\Z, OrtbeH lNynem?, ViBnua Hypuh?, JacHa JaHuuh?, JaHko Camapynh®*

'BojHoMeMLMHCKa akafemuja, KnuHuKa 3a eHgokpuHonorujy, beorpag, Cpbuja;

’BojHoMeaMLMHCKa akageMuja, KnHuka 3a kapgronorujy, beorpag, Cpbuja;

*YHusep3uTet y beorpagy, MeanunHcki dakynteT, KnuHuKa 3a Heyponorujy v ncixujatpujy 3a fely n omnaguty, beorpag, Cpbuja;
*YHneep3utet y beorpagy, MeguunHcku dakyntet, MHCTUTyT 3a dapmakonorujy, KnuHnuKy dapmakonorujy v tokcukonorujy, beorpag, Cpouja

CAMETAK

ApTepujcka xmnepTeHsuja je AaHac HajMacoBHMja XPOHUYHA
He3apa3Ha 6oniecT YoBeyaHCTBa. Moxe ocTaT HefujarHoOCTH-
KOBaHa rof1Hama, LITO 13a3rBa KacHuje Komnavkauuje, nonyT
aKyTHe cpyaHe NHcyduLmjeHLmje, MoXAaHOT yaapa, MHdapK-
Ta MrYoKapaa, 6ybpexHe nHcybuLmjeHurje, XunepTeH3nBHe
peTuHonatuje unu n3HeHagHe cmpTu. lNpumapHa apTepujcka
XunepTeH3uja je yewha, AOK Ce CEKyHaPHa jaB/ba y oko 5-20%
cnyyajeBa. HefaBHa nctpaxuatba Cy Mokasana aa cTpec Kog
HeKux nauunjeHata Moxe 6UTK KIbyuHU PpaKkTop y pa3Bojy
eceHuujanHe xmnepTteHsunje. Koa naunjeHata Koju nate of
NocTTpaymMaTcKor cTpecHor nopemehaja, CTpec je AOMUHaHT-
HY eTVONOLWLKM $paKTop Koju JoBOAW Ao bonecTu. [lokazaHo
je Aa XpOHUYHM CTPeC MoXe Aa yTU4e Ha perynauujy KpBHOr
NPUTUCKA, EHAOKPYHE 1 MeTabonnyke GyHKLMje myTem nMm-

DOI: https://doi.org/10.2298/SARH210323066N

6MUYKO-XMMOTaNaMUYKMX LieHTapa U CaMMM TUM [ia yTUYe Ha
pa3Boj apTepujcke xvnepTeH3uje. CHaXkHa NMoBe3aHOCT CTpeca
1 apTepujcKe XunepTeH3mje NoTBphHeHa je y NPeTKINHNYKIM
CTyAnjaMa 1 UICMUTMBAbYIMA Ha X1BOTUHaMa. 3a dapmakoTepa-
MWjCKM NPUCTYN HajBaXHWjU1 Cy GeTa-aApeHeprnyKy 6rokatopu,
VHXMOUTOPU EH3VIMA KOj1 KOHBEPTYje aHTMOTEH3VH 1 61oKaTo-
pv pevuenTopa AT1 (captaHu). Kao gpyra nuHuja Tepanuje mory
ce KOpUCTUTK 6TIOKAaTOPW KanLWjyMOBUX KaHana, AnypeTuum,
anda-agpeHeprnyKky 61oKaTopy U LEHTPASTHW aHTUXUMEPTEH-
31BW. YBoherbe aHKCMONMTUKa, NomyT 6eH3oamasennHa, Tpeba
Pa3MOTPUTH Y CITyYajy XPOHUYHE aHKCMO3HOCTM M MCMXOCOMAT-
ckor nopemehaja.

KrmbyuHe peun: cTpec; aptepujcka xunepTeHsuja; Tepanuja;
aHKCcMonuTMLUm
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SUMMARY

Proton beam therapy (PBT) is an advanced type of radiotherapy that shows a dosimetric advantage over
photon beam therapy and provides superior dose distribution. PBT may improve patient survival by
improving the local disease control while reducing toxicity to normal organs, which may result in fewer
treatment-related complications. During the last decade, technological progress has opened up new
possibilities in the planning and conducting of PBT, so indications have gradually expanded to different
cancers. However, many biological aspects of PBT are still unclear, and its role in clinical settings is con-
troversial. Proton therapy is considered to be safe and effective for different types of pediatric cancers,
and suitable in treatment of ocular melanomas, chordomas, and chondrosarcomas. Future research and
more prospective clinical studies with long-term follow-up are required in order to clearly determine the

benefits and proper indications for PBT.
Keywords: proton therapy; radiotherapy; cancer

INTRODUCTION

Proton beam therapy (PBT) is a modern radio-
therapy (RT) technique that uses protons. In
1946, Wilson first proposed PBT for medical
use considering the advantages of proton RT
compared with conventional photon RT. This
suggestion was based on the known physical
property of protons, which is that they slow
down during penetration of tissue [1, 2].

The first PBT patient series was published in
1958 by researchers at the Lawrence-Berkeley
National Laboratory, where patients with ra-
dio-resistant tumors such as chordoma and
melanoma were initially treated. Technological
progress opened up new possibilities in PBT
planning and conducting, so indications were
gradually expanded to other cancers. The ex-
penses of PBT are much higher compared to
conventional photon RT due to the high cost
of proton beam technology and maintenance.
First proton center was established in 1990 in
California, and today there are about 70 pro-
ton therapy centers worldwide with more than
190,000 patients treated with PBT [3, 4].

Increasingly more evidence has been showed
for the advantages of PBT in clinical use, but
it is not suitable for every tumor type and site.
Also, some biological aspects of PBT are still
unclear. It is necessary to understand the ad-
vantages and limitations of protons [5].

Physical and biological aspects of PBT

Protons are heavy charged particles which
continuously slow down during penetration
of matter as they slow down in a function of
depth. Energy loss continues until the entire

energy of the proton is depleted, after which
they come to an abrupt stop, which results in a
steep and localized peak of dose. This process
of dose deposition produces a characteristic
depth-dose curve - the Bragg curve. The point
of the highest energy loss of proton is called
the Bragg peak (Figure 1). The depth of the
peak depends on the initial proton energy, and
the deposited dose beyond the range is mini-
mal. PBT dose distribution is superior to the
dose distribution of conventional photon RT,
but it is still debatable whether the dosimetric
advantages of PBT translates to clinically rel-
evant decreases in toxicity. Different random-
ized clinical trials which compare protons and
photons are currently ongoing [2, 6].

The proton dose is defined as gray (Gy),
which is calculated by multiplying the physi-
cal dose by the relative biological effectiveness
(RBE). For photon and electron external beam
RT, the RBE is considered to be 1. Proton RT
is planned assuming that the proton RBE rela-
tive to photons is 1.1. However, experimental

| Spread-out Bragg p.akl Bragg peak
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Figure 1. The diagram of dose distributions for photon,
single proton beam, and spread-out proton beam [5]
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Figure 2. Dose distributions for photon (left)
and proton (right) craniospinal radiotherapy
plan [12]

evidence showed that proton RBE is not constant and that
it changes along the treatment field. According to in vitro
studies, the highest RBE is found at the distal edge and in
the distal fall-off region within the Bragg curve. Still, there
remain several uncertainties in understanding variations
in biological response after proton irradiation compared to
photon irradiation. Current experiments on the response
of normal and tumor tissue to proton therapy should be
continued [7].

Proton therapy for different cancers

The heavier subatomic particles deliver their energy more
precisely to the tumor area compared to photons. The justifi-
cation for the clinical use of proton therapy is the possibility
for dose escalation to the tumor, which leads to better local
disease control probability. This is possible due to better
sparing of surrounding healthy tissue compared to other
RT techniques. Due to the reduced treatment volume and a
lower integral dose, patient tolerance is increased with lower
morbidity rate. PBT may improve the survival rate with sig-
nificant reduction of treatment-related complications, which
results in preserving the quality of life of treated patients.

As other highly conformal photon therapy techniques,
PBT is indicated for tumors located close to serial organs,
where a small radiation overdose can lead to severe com-
plications. Irregular shaped lesions close to critical struc-
tures are suitable for proton RT treatment [3, 8].

Pediatric cancers

Radiation therapy plays an important role as part of mul-
timodal treatment for many pediatric malignancies, espe-
cially for brain tumors, sarcomas, lymphomas and neuro-
blastoma. Treating children with RT is a great challenge
because they have higher radiation sensitivity and lower
radiation tolerance than adults, and late toxicity of RT is
an issue for long-term survivors. Reduction in the quality
of life due to growth and development retardation, as well
as secondary malignancies, remains a significant prob-
lem for treated children. It is necessary to provide effective

Popovi¢-Vukovi¢ M. et al.

Figure 3. Isodose distributions for proton (left) and photon (right) treatment plans for ocular
melanoma [18]

radiation therapy with the least possible morbidity. The
physical characteristics of protons are promising in terms
of achieving significant clinical benefits [9, 10].

Dosimetric comparation studies between photons and
protons in treatment of medulloblastoma, ependymoma,
Ewing sarcoma, rhabdomyosarcoma showed the superior-
ity of PTB over photons in reducing dose to surrounding
healthy organs and tissues (Figure 2). Clinical results are
limited, but the first evidence confirmed similar survival
rates with fewer treatment-related side effects for PBT,
which could have positive impact on the quality of life of
treated children [11].

Gross et al. [13] reported favorable neurocognitive out-
comes in pediatric patients with brain tumors with the use
of PBT compared with photon RT, according to findings
from a study that included 125 patients.

Kahalley et al. [14] published the first longitudinal study
comparing intellectual outcomes between pediatric pa-
tients treated for medulloblastoma with PBT and photon
RT, and showed that PBT was associated with superior
intellectual outcomes.

On the other hand, Kralik et al. [15] pointed out that
pediatric patients with brain tumors treated with PBT have
a high incidence of radiation necrosis, frequently distant
from the tumor area. Multiple chemotherapy agents were
significant risk factors associated with radiation necrosis.

Bhattacharya et al. [16] did a retrospective imaging re-
view of 46 patients with brain tumors treated with PBT.
Large vessel progressive cerebral arteriopathy was de-
scribed in 25% of patients, which is more than in previ-
ously reported studies. This study also pointed out the ap-
pearance of white matter changes remote from the region
of irradiation in two patients.

There is a need for continued close follow-up of children
treated with PBT, which will enable us to better understand
long-term effects, safety, and benefits of this therapy.

Ocular tumors

Ocular melanomas represent a perfect model for a malig-
nant tumor requiring high-dose RT with complex dose

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):741-744
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distribution within the target volume, and PBT is recog-
nized to be one of the main RT treatment options for these
and other ocular tumors [17] (Figure 3).

PBT for ocular melanoma results in excellent local
control of disease with preserved quality of life of treated
patients. Van Beek et al. [19] published a retrospective
study of 306 patients with uveal melanoma. Half of patients
were treated with PBT and the other half with fraction-
ated stereotactic photon beam radiotherapy (fSRT). The
five-year local tumor control rates were 96.1% for both
groups. However, vitreous hemorrhage was significantly
less common after PBR than after fSRT.

PBT is also a new option for conservative treatment of
conjunctival squamous cell carcinoma. Milazzotto et al.
[20] reported a retrospective analysis of 15 patients with
conjunctival squamous cell carcinoma treated with PBT
who had gross residual disease after surgery or were not
candidates for surgery. Overall survival and disease-free
survival rates were 86.6% each, after a median follow-up
of 48 months Treatment was well tolerated, without sig-
nificant acute or late toxicity.

Chordoma of the skull base and spine

Chordoma of the skull base is challenging to treat due to
tumor location, proximity to critical neural and vascular
structures, and tumor radioresistance. Gross total resection
of these tumors is often not possible, so adjuvant radia-
tion therapy is an important treatment modality which can
improve local disease control and overall survival. High-
dose photon-based RT can be used, but usually cannot
achieve therapeutic dosage because of the proximity to
dose-limiting structures: the optic nerve, chiasm, the brain
stem, the spinal cord, and the brain [21].

Application of proton therapy with simultaneous in-
tegrated boost for these malignancies made possible the
delivery of radical doses to target volumes while minimiz-
ing toxicity for organs at risk. This treatment approach
affords excellent local disease control while sparing normal
surrounding structures [22].

Treatment of spinal and sacral chordoma represents
great challenge because of the proximity of the spinal cord
and nerve roots. Radiation tolerance of the spinal cord
is considered at 48-54 Gy, much below necessary doses
adequate for local control for these tumors. Chordoma
require high radiation doses of 60-70 Gy. PBT offers a
dose escalation for treatment of tumors in this location,
but the current clinical evidence is still limited and further
research is needed [23].

Reirradiation

Tumor recurrence is in most cases unresectable because
of many different factors. The possibility of reirradiation

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):741-744

is limited by the previously applied RT treatment, dose
constrains for surrounding critical organs, and the time
period passed since the previous radiation treatment. The
high conformality and rapid fall-off of radiation dose at
the distal end of the target offer significant possibility for
reirradiation with protons. By sparing adjacent normal
tissues, proton therapy can more safely apply definitive
instead of palliative doses of reirradiation [3, 24].

Saeed et al. [25] published a series of 45 patients with
recurrent glioblastoma multiforme treated with proton
reirradiation 2012-2018. The median interval between
initial diagnosis and disease recurrence was 20 months. In
this series, 40 patients completed full reirradiation course
with a median dose of 46.2 Gy. The median progression-
free survival was 13.9 months with median overall survival
of 14.2 months. One grade 3 acute toxicity was observed,
three patients developed grade 3 late toxicity, and no grade
4 or 5 toxicities were reported.

Although a small number of published studies on reirra-
diation with PBT have shown promising results, adequate
patient selection is required for the careful use of proton
reirradiation.

Other tumors

PBT has been used for treating different malignancies,
including central nervous system, head and neck tu-
mors, prostate, breast, liver, esophageal, and lung cancer.
However, the role of PBT in clinical settings is still contro-
versial, and there are certain technical challenges in plan-
ning and delivery for different treatment sites [5].

CONCLUSION

PBT is an advanced type of RT that achieves a dose distri-
bution generally superior to photon beam therapy. This
may allow dose escalation to the tumor target volume, bet-
ter sparing of surrounding tissues, thus potentially improv-
ing local disease control and survival while at the same
time reducing toxicity and improving the quality of life
of treated patients. Still, a question remains as to whether
dosimetric advantages of PBT leads to clinically relevant
decreases in toxicity. Clinical evidence supporting wide use
of protons is mixed despite its high potential. Promising
results have been reported for many types of cancers;
however, they are based on small studies. There are still
uncertainties about the radiobiology of protons that can
have an impact on the molecular and cellular effects of
PBT. Further research and prospective clinical studies with
extensive follow-up of treated patients are needed in order
to determine effectiveness and safety of PBT.
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SUMMARY

Cardiovascular and reproductive health of women have been going hand in hand since the dawn of time, yet links have been
poorly studied. Still, once basis of their connections started to be established, it depended on local regional abilities and level of
progressive thinking to afford women comprehensive care beyond the “bikini medicine”.

Further research identified different associations rendering more conditions sex-specific and launching therefore a slow, yet initial
turn around in clinical trials’ concept as the majority of global cardiovascular guidelines rely on the results of research conducted
on a very modest percentage of women and even less on the women of color.

Currently, the concept of women'’s heart centers varies depending on the local demographics’ guided needs, available logistics
driven by budgeting and societal support of a broad-minded thinking environment, free of bias for everyone: from young adults
questioning their gender identity, via women of reproductive age both struggling to conceive or keep working part time when
healthy and line of work permits it during pregnancy, up to aging and the elderly.

Using “Investigate-Educate-Advocate-Legislate” as the four pillars of advancing cardiovascular care of women, we aimed to sum-

marize standing of women’s health in Serbia, present ongoing projects and propose actionable solutions for the future.
Keywords: COVID-19; sex differences; pregnancy; women in cardiology; discrimination; diversity; inclusion

INTRODUCTION

Womenss health has traditionally been following the “bikini
medicine” concept making women live in a delusion that
breast cancer is their biggest enemy, when in fact it is heart
disease that claims more lives than all cancers combined.
Not only do we see these disparities in cardiovascular care
in the United States, the beacon of modern democracy
and global leader in technologically savvy healthcare, but
worldwide also, where women’s access to care and policies
vary extensively rendering all implementation of inno-
vative ways more challenging [1, 2]. The ongoing black
maternal crisis in the United States, sadly, confirmed
that, even in most affluent settings, black mothers suffer
more than other women during childbirth and the “fourth
and fifth trimester”, so care offered to women has to be-
come void of all bias [3, 4]. The bias-free care is taught in
medical schools in different forms, however, sex-specific
pathologies and racial disparities in a world whose land-
scape changes due to migrations of all kinds, demand our
attention to the most vulnerable to meet the demand of
the patients we tend to treat to the best of our knowledges
[5]. The women’s heart centers (WHC) and programs in
Northern America have been established over the past
three decades, however, their concept and structure re-
main a work in progress globally [6, 7].

DEMOGRAPHICS

Per last available 2019 edition of the “Health Statistical
Yearbook of the Republic of Serbia”, published by the
Institute of Public Health of Serbia, “Dr Milan Jovanovié¢
Batut”, showed a 3.4% population decline from the 2011
census with a total of 3,561,503 women representing 51.3%
of the population [8]. Same source reports that the women
of childbearing age (15-49 years) make 21.7% of the popu-
lation, while the aging and the elderly (over 65 years of
age) make 20.7%. Steady decline in birth rates was noted
over the past decade, while an additional 2.3% drop was
registered when comparing January to July of 2020 and
2021, the two COVID-19 pandemic years [9].

https://doi.org/10.2298/SARH211208105P

SEX-SPECIFIC MORBIDITY AND MORTALITY IN SERBIA

At the primary healthcare level 5731 women over 15 years
of age are assigned to one gynecologist, and in 2019, 43% of
the visits represented first time ever visits and the prevail-
ing reasons of visits were disease of the genitourinary tract
(36%), pregnancy (6%) and tumors (4%) [8].

Currently, approximately half of the women of reproduc-
tive age struggle with some fertility issue from dysmenor-
rhea, polycystic ovary syndrome via infertility [8, 9] neces-
sitating repeated assisted reproductive technology, known
to increase cardiovascular risk long term [10, 11], besides a
myriad of different acute complications of the procedure.

ACTIONABLE SOLUTIONS

Using the “Investigate-Educate-Advocate-Legislate” as the
four pillars of advancing cardiovascular care of women
[12], we aimed to summarize both the standing of women’s
reproductive and cardiovascular health Serbia and action-
able solutions

Investigate

Reviewing currently available sex-specific research dedi-
cated to women’s health in Serbia, a pattern itself is absent
and reported results come mainly from a moderate num-
ber of centers and research groups: whether from basic
research standpoint [13-16], or clinical ones dedicated to
women’s cardiometabolic health [17-21], cardio-obstetrics
[14, 22, 23, 24], peri-/menopause [25, 26, 27], different
cardiovascular outcomes [28, 29], cancer [30, 31, 32] or
mental health [33, 34] including the vulnerable and un-
derserved populations [35].

Under-representation of women in recruitment prac-
tices and delayed invasive strategy in Serbia — per local, in
press and unpublished results of ongoing research projects
— are detrimental as anywhere else in the world, however
day-to-day re-evaluation of our changes of clinical practic-
es remain of critical importance. The COVID-19 pandemic
opened an additional Pandora’s box of suboptimal care for
women [36] and women frontline healthcare workers in

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):745-754
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Figure 1. The first“Dr Nanette Kass Wenger” International Conference on CVD in Women (Dec 2018): Program, snapshot of the article dedicated
to the event in the Serbian Medical Chamber’s journal “Glasnik” and pictures from the event

particular [36, 37, 38], here proposed Serbian model of a
WHC offers also a possible solution to the problem.

Also, more comprehensive registry-oriented and epide-
miological research of different population strata should
ameliorate long term research and, consequently, improve
outcomes for women in Serbia at all levels of care currently
offered both in nationally budgeted institutions (primary,
secondary and tertiary), as well as privately-owned ones
(primary mainly, secondary in a small number of selected
procedures).

Educate

The road to providing sex-specific education for medi-
cal students is seemingly a long and winding one, even
in countries where budgeting is not an issue and multiple
sources of funding are available. However, before the new
generations of physicians reach the workforce, continuing
medical education for sub-specialties beyond endocrinolo-
gy, gynecology and obstetrics, and urology, is sorely needed
together with implicit bias trainings along with recertifica-
tion. Although dedicated WHC culturally, worldwide, are
staffed with women, teaching male doctors that “women
are not small men”, but that their presentation of the same
diseases can be different, as well as that with current migra-
tion rates, women of different ethnic [39] carry different
burden of disease is of a growing importance.

Furthermore, educating women as patients of their
symptoms and risks for different outcomes is equally im-
portant.

Advocate

Aiming to promote awareness and advance cardiovascular
care of women in Serbia, the “Dr Nanette Kass Wenger”
International Conference on Cardiovascular Disease in
Women, was born as an idea to help bridge the gaps in
available regional knowledges in the least judgmental way
and help existing local teams build bonds.

The launch of the conference series started in 2018 sup-
ported by the current Presidents of the American Heart
Association, Dr Robert A. Harrington and the American
College of Cardiology’s Dr Michael Valentine and both as-
sociations’ CEOs, Ms Nancy Brown and Ms Cathy Gates.

Srp Arh Celok Lek. 2021 Nov-Dec;149(11-12):745-754

International speakers: Drs Sandra Lewis, Annabelle Santos
Volgman and Martha Gulati were welcomed by the ACC
Chapter Governor of Serbia and Republika Srpska Professor
Milan Nedeljkovi¢, Belgrade University’s School of Medicine
Dean Academician Nebojsa Lali¢, the Serbian Medical
Chamber’s Director Dr Milan Dini¢ and Academician
Vladimir Kanjuh, president of the Serbian Academy’s
Science and Arts’ Board for Cardiovascular Pathology
who was one of the co-organizers (Figure 1). The newly
confirmed Government, led by Ms Ana Brnabi¢, voiced its
support to formation of a WHC under the roof of the lead-
ing country’s healthcare institution, the University Clinical
Center of Serbia, in an appeal sent out to needed medical
and scientific entities by the Minister for Population Policy
and Demographics Dr Slavica Puki¢-Dejanovi¢ - a profes-
sor of Psychiatry and fervent advocate of equitable healthcare
for the underserved populations, besides formal engagement
with the national UN's Generation Equality initiative — who
stressed the importance of timely management of healthcare
issues of women and girls, and the first to confirm support
was Academician Vladimir Kosti¢, President of the Serbian
Academy of Sciences and Arts.

The second conference took place in December 2019
where besides sustained local and international support,
the launch of the THEMIS foundation announced partner-
ship with American Heart Association’s GoRedForWomen
for Serbia and additional support from the Royal Medical
Board was offered, while Professor Wenger was hosted by
the Crown Princes Alexander and Katherine. During her
working visit, Dr Wenger participated in multiple meet-
ings with local opinion leaders in the field, addressed a
reunion of national nursing leadership and also met with
the representative of the National’s Gender Equity office
that reaffirmed Government support in providing equi-
table care (Figure 2). The existing support of the Minister
of Health, Associate Professor Dr Zlatibor Loncar, was
confirmed once more and Dr Wenger toured the entire
campus of the University Clinical Center of Serbia under
heavy reconstruction at the time, while the idea of offering
virtual telemedicine visits was emerging already.

As the world came to a standstill that delayed all care to
all other patients with the emerging SARS-CoV2 pandemic
in Europe in late 2019 and early 2020 in Serbia, the physical
opening of the WHC planned for later that year suffered

www.srpskiarhiv.rs ‘
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24 “Dr Nanette Knss Wenger” International Conference on Cardiovascular Disease in Women
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Figure 2. The second “Dr Nanette Kass Wenger” International Conference on CVD in Women (Dec 2019):
(a) Professor Gordana Teofilovski-Parapid (Member of the Board for cardiovascular pathology of the Serbian Academy of Sciences and Arts),
together with Academician Professor Dragan Mici¢ and Professor Snezana Polovina hosting Professor Wenger at the Serbian Academy of Sci-

ences and Arts
(b) Program of the event

(c) Professor Wenger with the Crown Princes’ Alexander and Katherine and Ms Danijela Segan, representative of the Gender equity office of the
Serbian government (sitting) with Professor Gordana Teofilovski-Parapid, Dr Biljana Parapid and Professor Lukas Rasuli¢ (standing) during the
THEMIS Foundation launch and presentation of the GRFW program for Serbia

#DeNKWbelgrade WHC
) @biljana_pampid @isfieh @isfieh_wgeardio

It s with outmost pleasure and great privilege, that we invite you to attend the 17 vitual, yet our
7 “Dr Nanette Kass Wenger” International Conference on Cardiovascular Disease in Women

December 21, 2020
9um PT; 12pm ET, Gpm CET

co-organized by the Faculty of Medicine University of Belgrade’s Fellowship Program, Tele-Carciology Working Group of the Interational Society
for Telemedicine & eHealth and Board for Cardiovasculas Pathology of the Serbian Academy of Sciences and Arts

We wish to acknowledge all our local and global partners for their endorsement over the past yeass, stasting with Serbian Medical Chamber, Clinical
Center of Serbia, American Heart Association and its GoRedForWomen program, American College of Cardiology and its various Sections
including PAC, East West Bridge, FashionLab by Zoana Vujani¢, VIZIM, Tnformatika A.D. and since this year, WomenasOne.

See you all on Zoom ‘il we meet in Belgeade in 2021 and meanwhile, stay safel

Aleksandar NESKOVIC

Biljana PARAPID Alexandru MISCHIE

Viadimir KANJUH

i h B @ TSP~ < Tl ) |-

ADeNKWhelgradeWHC
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Figure 3. The third “Dr Nanette Kass Wenger” International Conference on CVD in Women (Dec 2020): Program and invite, while link of the

event is available in the references

a delay, as well. However, the pilot telemedicine projects
with the one of the oldest Belgrade’s Primary Healthcare
Physician’s Office Centers, led by Dr Branka Lazi¢ in col-
laboration with Dr Parapid, went as planned with mini-
mal modifications for the benefit of the patients. So, the
third conference amidst pandemic was held in December
2020 and hosted virtually [40] courtesy of the International
Society of Telemedicine and eHealth, Working Group for
Telecardiology President Dr Alexandru Mischie and Co-
Chaired by ESC’s Board Member Professor Dan Gaita,
Professor Aleksandar Neskovi¢ as Cardiology Fellowship
Program Director of the University of Belgrade, Faculty
of Medicine and Dr Parapid as founder of the Conference
series and WHC. Faculty of previous two conferences were
joined by Dean Emeritus of the Georgetown University
School of Medicine Professor S.Ray Mitchell that couldn’t
be hosted live for the Belgrade University’s 100™ birthday as
planned and also by growing number of global allies of the
“Dr Nanette Kass Wenger” WHC in Belgrade who together
confirming the toll of the SARS-CoV2 pandemic and its
influence on women’s health on both sides of the frontline
that was noted earlier [36] and that later reconfirmed in
Serbia as well [37] only increased the need of such Center.
Also, the 2020 conference gained another important global
ally in the Women As One think tank whose team helped
promote the event and committed to further partnership

‘ https://doi.org/10.2298/SARH211208105P

Women's Heart Center: the Serbian model

ADVANCED CVD CLINIC
* Heart Failure

Hx of reproductive challenges, ART or ART planning
e * Cardio-Oncology

peri-/Menopous
Hx of GDM/PreDM/OM or FH
LGBTQIAs undergoing gender-reaffirming process

Hx of SCAD and/or FMD
Neurologists' eferrals
Psychiatrsts’ referrals
Psychologists’ referrals

o
Hx of ACS, MINOCA, INOCA,
SCAD, Myocardia bridges
and/or Tako-Tsubo

CARDIO-OBSTETRICS CLINIC
* Hx of pre-conception CVD and/or risk factors

MEDICINE CLINIC
* Hematologists' referrals
* Rheumatologists” referrals

ix of
* Fertiiy specialiss’ referrals * Immunologist’ referrals

LIFESTYLE CLINIC

Burnout prevention for women HCW
* Female relatives of patients seen in any of other WHC's linics
« rimordial prevention of otherwise healthy women
* Hxof cOVID19

Figure 4. The “Dr Nanette Kass Wenger”Women'’s Heart Program and
Women’s Heart Center (Belgrade, Serbia) outline; Hx — history; GDM
- gestational diabetes mellitus; DM - diabetes mellitus; FH — family
hypercholesterolemia; LGBTQIA+ - lesbian, gay, bisexual, transgen-
der, queer/questioning (one's sexual or gender identity), intersex,
asexual/aromantic/agender and allies; CAD - coronary artery disease;
ACS - acute coronary syndrome; MINOCA — myocardial infarction with
non-obstructive coronary arteries; INOCA - ischemia and no obstruc-
tive coronary artery disease; SCAD - spontaneous coronary artery
dissection; CVD - cardiovascular disease; APO — adverse pregnancy
outcomes; HCW - healthcare workers; WHC - Women’s Heart Center;
FMD - fibromuscular dysplasia
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in all equity-dedicated endeavors of the conference and “Dr
Nanette Kass Wenger” WHC team (Figure 3).

The fourth conference planned for December 2021
should be a hybrid one: local limited seating event aim-
ing to support the fully vaccinated COVID-19 pandemic
healthcare workforce that is attempting to re-prioritize
care of all patients beyond the SARS-CoV2 and virtual
involvement of all interested, but mainly foreign faculty
with travel restrictions.

As shown in Figure 4, we propose a model of a women’s
heart center most suiting the needs of a country on the
road of financial recovery, encompassing multiple clinics:

Endocrinology clinic

Endocrinology and Reproductive Endocrinology play an
important role in cardiovascular risk factors’ management
of women of different ages and life stages [41]: from safe
peri-conception counselling of apparently healthy women,
via assisted reproductive techniques (ART) management
[42], menopause/hormone replacement therapy [43] and
in sex-reaffirming process due to described risks for ac-
celerated development of heart disease [44]. Existing teams
of the Division of endocrinology, diabetes and metabolic
disorders of the University Clinical Center of Serbia would
continue its collaboration with the WHC’s team.

Medicine Clinic

Hematologists, Rheumatologists, Immunologists’ and
Geriatrics’ referrals locally constitute the second largest
group of women patients necessitating cardiologists’ fol-
low up at least during a short period of the treatment re-
ceived in respective sub-specialty clinics or as hospitalized
patients whose management is beyond the usual interde-
partmental cardiology consult offered by the Division of
Cardiology. Formalization of existing collaboration be-
tween research groups of other teaching hospitals of the
University of Belgrade, Faculty of Medicine was delayed
due to COVID-19 pandemic, but is on the way.

Coronary Circulation Clinic

It is well established [45] that non-obstructive coronary
disease is more common in women, including myocardial
infarction with no obstructed coronary arteries (MINOCA)
[46], ischaemia without obstructed coronaries INOCA)
[47], spontaneous coronary artery dissection (SCAD) [48],
fibromuscular dysplasia (FMD) [49, 50], myocardial bridges
[51, 52] and Takotsubo (stress-induced) cardiomyopathy
[53]. Eventually, when hospitalized [54, 55], women re-
ceive far less invasive treatment strategies [56], guidelines
directed medical therapy and physical rehabilitation post-
discharge with almost immediate return to full activities of
daily life in sharp contrast to male patients. Well known
gaps in diagnostics [57, 58], care [59] and treatment short-
and long-term, need to be bridged [60] and become the
standard of care to avoid women being denied timely man-
agement for chest pain syndromes.
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Heart-Mind Clinic

Diagnoses such as SCAD and FMD are under-diagnosed in
Serbia, and when migraine and mental health issues as risk
factors for heart disease are added, all remain under-studied
and consequently, patients under-treated. The Clinic would
offer an umbrella for nation-wide programs with pre-ex-
isting partners, as the relationship of these clinical entities
remains subject of ongoing research worldwide [61-66].

Cardio-Obstetrics Clinic

Cardio-Obstetrics as a new field, aims to join Cardiologists
and Gynecology & Obstetrics specialists in a collaborative
care for women, particularly important where Maternal-
Fetal Medicine specialists as such do not exist and where
Neonatologists and Pediatricians help the best they can.
The clinic is dedicated to women with pre-existing heart
disease pre-conception and women who developed an
adverse pregnancy outcome (APO) (post-partum cardio-
myopathy, preeclampsia, gestational diabetes, premature
delivery or infant of low birth weight) during a previous or
ongoing pregnancy, but can accept other referrals (Figure
4), in particular from pediatricians aware of the risks
children conceived via ART carry, once they reach ado-
lescence [10, 11, 67] and harnessing power of the digital
world should become an everyday tool for both children
and young adults [68].

Advanced Cardiovascular Disease Clinic

The clinic should see patients of all age groups who present
with refractory heart failure of various origins (including
non-recovered peri-partum cardiomyopathy, ischemic car-
diomyopathy, cancer patients en lieu of a separate Cardio-
Oncology clinic (if regional needs demand it, an indepen-
dent one should be opened, taking in consideration overall
risks for cancer patient post-procedurally, in general [69]),
arrhythmia patients and aging and elderly patients whose
pharmacotherapy needs more caution [70-73].

Lifestyle Clinic

Lifestyle intervention for apparently healthy women is a
growing global demand irrelevant of patients’ age group
[70, 74-77], while shift work — even before COVID-19
pandemic — has been confirmed as a risk factor for both
cardiovascular disease and infertility [78], however, be-
sides existing [79], specific regional guidance is lacking,
while the stratifying cardiovascular risk landscape keeps
evolving [80], especially in light of cardiovascular damage
post-COVID [81]. The female workforce has additionally
faced burnout during the ongoing SARS-CoV2 pandemic
[36, 38, 79, 82, 83, 84] emphasizing a rising global need
for the institution of a Diversity, Inclusion & Wellbeing
Officers or Vice-Deans existing in North America, chief-
ly. With local governmental efforts and participation in
#GenerationEquality initiative of the United Nations -
both by former Minister Dr. Slavica Dukié-Dejanovié¢ and
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Serbian Women'’s Heart Centers’ Functional Relationships
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and use of SoMe & e-Health) ‘sex-specific RCTs)

Figure 5. The “Dr Nanette Kass Wenger”Women’s Heart Program and
Women's Heart Center (Belgrade, Serbia) and its collaborative network
outline; PHCP - primary healthcare physician; HCW - healthcare work-
ers; SoMe - social media; WHC - Women's Heart Center; DEI - Diversity,
Equity and Inclusion; SOD - social determinants of health; RCT - ran-
domized clinical trial

current Minister Ms. Zorana Mihajlovic¢ - only being ampli-
fied, while aforementioned position still not devised, the
Lifestyle Clinic may provide women healthcare workers
i.e., doctors, nurses and allied professions, a safe haven
to seek medical and self-care advice in collaboration with
the existing Safety at Work & Occupational Medicine
Department of the University Clinical Center of Serbia.

As any WHC worldwide isn't and shouldn’t be a solitary
formation lacking interactions, for it can only perpetuate
the existing stigma of a “female cult”-like self-sufficient
formation, that it genuinely is not, aiming to summarize
our proposal for its relationships, we have created the
Figure 5.

In a country as Serbia, where allocation of national re-
sources must be highly cost-effective, the WHC is advised
to be based in a tertiary University hospital setting and
represent an umbrella for all proposed activities.

Besides care offered at the Tertiary level - on both in
hospital and face to face clinic-based manner - it should
be linked to regional Secondary and Primary healthcare
centers via telemedicine [85] that turned to be the “silver
lining” of the SARS-CoV2 pandemic and its gaining of
momentum should be compliant in forms acceptable for
each country and local regulatory settings (including re-
imbursement options for services rendered).

From an educational perspective, WHC should help
bridge the gaps in both core teaching curricula of Schools
of Medicine and Nursing, as well as residency and fel-
lowship programs, raising awareness in new generations
of healthcare providers on sex-specific diagnostics and
therapy beyond the traditional concept.

Research following clinical care provided to women in
Primary, Secondary and Tertiary healthcare levels should
be adopted. Epidemiological research and registries con-
ducted on all three levels of care, while randomized clinical
trials guided by racial and social determinants of health
criteria should be designed and conducted at the tertiary
level and offered to all interested to participate both na-
tionally and internationally.

Advocacy as a tool for both patients and doctors has
been growing worldwide and as such a WHC should offer
advocacy tools tailored to needs of any patient within their

‘ https://doi.org/10.2298/SARH211208105P
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reach: from in-person guidance by MDs and allied profes-
sions on site (Research Nurse are not widespread globally
and may take another decade to be utilized more widely),
via use of simple brochures/pamphlets/themed pad notes
or more epidemiological measures-friendly downloading
from a website or an app.

Legislate

Legislation pertaining to new modalities of promotion of
healthcare and healthy lifestyle is still somewhat vague, as
the healthcare providing part of the private sector has flour-
ished immensely over the past two decades and advertising
depends mainly on the core ethical values of the owner.
Fortunately, among the oldest ones, “VIZIM” primary
healthcare physicians’ office as the oldest private system of
the kind is a good example of appropriate health-related
messages both on their walls nation-wide and on their web-
site and both in caring for patients and for their employees.
Currently, global legislative efforts in providing adequate
and timely healthcare for women are still meek [2, 86] and
although Serbia’s laws provides generous paid maternity
and paternity leaves, cover ART for couples struggling
with infertility and the entire country’s population enjoys
universal coverage employed or not, access to care due to
cultural habits and logistical management, render the fine
line between health and social issues, rather blurry, hence
hard to help advance healthcare where needed the most.
In Serbia nowadays, the role of progressive, bias-free
and equity-promoting experts’ groups, East-West Bridge
[87] in particular, has been shown effective in working
with all stakeholders aiming to implement global initia-
tives that can also help re-establish Serbia as a leader in
region. A country that never knew slavery even in the
XIV century (per Dusan’s Code, Constitution written by
Serbia’s mediaval Emperor Stefan Dusan in 1349) and for-
mally banned all feudal relationships as such in the XIX
century (the Candlemas Constitution of 1835), should at
least live up to the expectations of its broad-minded ances-
tors who granted freedom to any slave stepping on medi-
eval Serbia’s soil. In that regard, the core team of the “Dr
Nanette Kass Wenger” WHC takes special pride in the fact
that the initiative has gained multi-partisan support despite
all societal complexities where #HeForShe advocacy [88,
89, 90] is usually encountered where you least expect it.

CONCLUSION

Growing popularity of women’s cardiovascular and repro-
ductive health, created a flood of reports on outcomes of
women derived from protocols designed with other aims,
but targeted sex-specific research that endorses substantial
changes in local practices and legislation is still pending
- not only in Serbia, but worldwide, which emphasizes
need for equitable care for all. The concept of WHC'’s re-
mains sorely needed wherever healthcare provided for
women is in any way unsatisfactory, while the proposed
Serbian model is adaptable to local, country-specific needs
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and should be tailored accordingly. As the “Dr Nanette
Kass Wenger” WHC awaits its opening in function of the
COVID-19 pandemic that keeps derailing all endeavors,
despite stellar home team ones, as long as there remains a
will a way shall be made for advancing healthcare of the
most fragile.
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3apas/be xeHa y Cpbuju — Hekag, capa u cyTpa

burbana Mapanua'?, Bnagumnp Karbyx®, Bnagumup Koctuh?, CHexaHa MonosuHa*®, Muna JuHuh®, 3natnbop JloHuap'”,
KatapuHa Nlanuh'®, Mupocnasa lojuh-Ayranuh'®, Munan Hegerpkosuh'? BpaHka J1asuh'’®, Maja Munowesuh",

[paras Cumuh'?, Anekcangap HewkoBuh"'2, Po6ept A. XapuHrTon', L. Majkn BaneHTajH', AHaben CaHToc BonrmaH'™,
CaHgpa L1. lync'®, Cnauua fykuh-AejaHouh", Crueex Pej Miuen'®, Pejuen M. BoHa'®, PoH Bakcman®, MupBat AnacHar?,
Ll. Hoen bepu-Mep3?, [laH [auTa®, AnekcaHapy Muwn?, Hemarba Kapamapkosuh'#, CHexaHa Pakuh?, Mupko Mpkuh?,
Mapwja TacoBau?, Byk [leBptba?®, [iparaHa by6atba®®’’, HaHet Kac BeHrep??

'YHUBep3nTETCKN KNMHNUYKY LeHTap Cpbuje, Knunuka 3a Kapguonorujy, beorpag, Cpbuja;

*Ynuep3utet y beorpapy, MeguunHcku dakynter, beorpap, Cpbuja;

*Cpnicka akagemuja Hayka 1 ymeTHocTw, beorpap, Cpbuja;

*YHBepP3UTETCKI KNNHNYKY LieHTap Cpbuje, KnnHnka 3a eHgoKpuHonorujy, Aujabetec 1 6onectn metabonnsma, AMObynaHTa 3a rojasHocT,

Beorpag, Cpbuja;

Ynusepautet y HoBom Cagy, ®apmaueyTcku dpakyntet, Hosu Cag, Cpbuja;

¢Jlekapcka komopa Cpbuje, beorpag, Cpbuja;

’YHnBep3nUTETCKI KNUHUYKK LieHTap Cpbuje, KnuHuKa 3a ypreHTHY xupyprujy, beorpag, Cpbuja;
8YHNBEP3NTETCKI KNUHUYKY LieHTap Cpbuje, KnuHuKa 3a eHRoKpuHonorujy, Anjabetec u 6onect metabonusma, beorpag, Cpbuja;
°*YHNBep3UTETCKI KNUHUYKY LieHTap Cpbuje, KnuHuKa 3a ruHekonorujy 1 akywwepctso, beorpag, Cpbuja;

1%[lom 3gpassba ,Crapu [pag’, beorpag, Cpbuja;

YH1Bep3UTETCKM KNMHUYKKM LieHTap Cpbuje, Cyxx6a 6e36efHOCTY Ha pady v MeauuuHe paaa, beorpag, Cpbuja;
2YH1IBEP3UTETCKM KIMHNYKO-O00NHNYKN LeHTap 3emyH, Beorpag, Cpbuja;
BYHuep3utet CreHdopp, KapanosackynapHu nHctutyT, Oferbetbe KapanoBackynapHe meauuute, Crendopg, KanudopHuja, Cjepubere

Amepuuke [ipxase;

“Onwra bonHuua , JlnHubepr’, MHCTUTYT 3a cpLie 1 BackynapHu cuctem,CeHtpa’, Jlunubepr, Bupinhnja, CjepurbeHe Amepuuke [pxase;
SYHMBEP3UTETCKI MEANLIMHCKN LieHTap ,Paw’, Onerberbe Kapauonoruje, LieHtap 3a xeHcko cpue,Paw’, Ynkaro, MnuHounc, CjeaureHe

Amepuuke [ipxase;

'SAmepuryKu Konely Kapguonora, BawuHrtoH, Okpyr Konyméuja, CjeaurbeHe Amepruke [ipxase;
"Yuusep3uteT y Kparyjesuy, MeguumHckn dakynteT, UHcTUTyT 33 ncuxujatpujy, Kparyjesaw, Cpbuja;
18YHuBep3uTeT LlopyTayH, MeguumHckn dakyntet, MeanumnHcku ueHtap, Opesbere MHTEpHe MeanunHe, BawmHrToH, Okpyr Konymouja,

Cjeanmere Amepuuke [lpxase;

%YHnsep3uTteT KpejtoH, MeanumHcku dakyntet, Cuctem, Jurduti Xent’, Onerberbe nHTepHe MeauLiHe, ’KeHCKo KapamoBacKynapHO 34paBibe,

Yenanep, ApusoHa, CjenureHe Amepuuke [lpxase;

“BbonHuukm uentap ,MenCrap BawuHrton’, BawuHrtoH, Okpyr Konym6uja, CjeaurbeHe Amepuuke [lpxase;
'BojHa 6onHuua Kpamw ®ag’, KaparnosackynapHu uentap, Llepa, Cayaujcka Apabuja;
2MepunupnHckn ueHTap,Cugapc-CuHaj’, MHcTuTyT 33 cpue , WmnT’, LieHTap 3a eHcko cpue,bapbpa CrpejcaHa’, Jloc Auhenec, KanndopHuija,

Cjeanmere Amepuuke [lpxase;

“YHuBep3uTeT MeauumHe 1 Gapmauuje,Buktop babelw’, Opemerbe Kapauonruje, Temuwsap, PymyHuja;

2BonHNYKM LieHTap ,MoHnycoH', MoHnycoH, OpaHuycka;

“YHUBeP3NTETCKN KNMHNYKN LeHTap Cpbuje, KnuHuka 3a kapguoxupyprujy, beorpag, Cpbuja;
2YHnBep3unTeT 3a MUp YjeanreHnX Hauwja, EBponcki LeHTap 3a Mup 1 pa3eoj, beorpag, Cpbuja;
ZYruep3utet CuHrupyHym, OakynteT 3a Meauje 1 KomyHukauuje, beorpag, Cp6uja;

%[lom 3npassba ,Brsnm’, beorpap, Cpbuja;

»OoHpauuja bbeHor Kparbeckor BricouyaHctsa, MprHuesa KatapuHa'’, Kpambescku MeguumuHckn Ogbop, beorpag, Cpbuja;
%YHuBep3uTeT y KparyjesLy, OakynTeT MEAULIMHCKWX HayKa, KniHKa 3a engokprHonorujy, Kparyjesau, Cpouja;

*'OoHpauuja , Txemnc’, Uictpaxmsauku opbop, beorpag, Cpbuja;

2YHuBep3uteta Emopu, MegnumHckin dakynter, LieHTap 3a xeHcko cpue, ATnanTa, Llopuuja, CjenneHe Amepuuke [ipxase

CAXETAK

KappavioBackynapHo 1 penpoayKTUBHO 3[ipaB/be XeHa Cy Hepas-
[BOjHV KPO3 1CTOpWjy, MeDyTHM, tIXOBa MOBE3aHOCT je bua
Mano npoyyaBaHa. Tek Kafja Cy OCHOBV I IXOBUX BE3a NMOYeny
[Ja 6uBajy yTBpheHu, npyxare cBeobyxBaTHOT fleUera 1 Here
XeHa parbe off,6MKNHN MeamnLHe", 3aBMCIIO je off PerrioHan-
HMX MOTyRHOCTU 1 CTENEHa NPOrpPecrBHOT Pa3MULLIbakba.
[ama nctpaxuarba Cy naeHTUdMKOBaNa pasnmunTe yapyxe-
HOCTW KOje Cy pa3nmynTa MefnLMHCKa CTakba yYmHuna nos-
HocneunoMUHMM, YMME je 3aMnoYyeT Crop, aNu UMNak 3a0KpPeT y
KOHLeNUUj1 KNMHNYKMX CTYAW]a, LWTO je of nocebHoOr 3Havaja
umajyhin y Buay Aa ce BehrHa cBeTCKMX KapAnmoBacKynapHuX
npenopyka 6asnpa Ha pesynTaTuma UCTPaxBarba CnpoBefe-
HVIM Ha jako Mano 6pojy »eHa 1, joLl Make NPOLEHTYasHo, Ha
XKeHama pasnMumnTX ETHUYKMX rpyna.

TpeHyTHO, KOHLIENT LieHTapa 3a >KEHCKO CpLie 3aB1CK OA JIOKa-
HUX fiemorpadckux noTpeba, AOCTYMNHE NOTVUCTUKE YCNOB/beHe

Kako GpUHAHCKjCKOM, TaKO 1 APYLUTBEHOM MOAPLLKOM OKPY>Kekba
NVWeHOr Npeapacyda npema LiesioMm CnekTpymy moryhix na-
LIMjeHTKMHba: OF MIaAMX KOju MPencnuTyjy CBOj POAHN UAEHTU-
TeT, NPeKO XeHa PenpoAyKTUBHOT y3pacTa Koje NoKyLuaBajy Aa
peanu3syjy CBOjy *eJby 3a MOTOMCTBOM WX Cy NaK 34paBe, anv
Xene Tokom TpyaHohe fja HacTaBe fia paje ckpaheHo pagHo
BpeMme ako TO MPUPOAA HUXOBOT MOCa 03BOJbaBa, A0 CTa-
pWYjyX 11 OHUX MO3HOT XXUBOTHOT J06a.

Kopuctehn npuHumn, ctpaxmn-Obpa3yj-3anoxu ce-O3akoHn”
Kao YeTnpy cTyba HampeTka KapAnoBacKynapHoOr feyera 1
Here »eHa, HacTojann CMO Ja NPYKMMO NpeceK 34PaBCTBEHOT
CTarba xeHa y Cpbuju, aa npefctaBrmo Tekyhe npojekTe u npy-
XKMMO MpefJiore 3a Aasba, OAPXKMBA 1 M3BOAJbMBA PeLlera 3a
6ynyhHocT.

KrbyuHe peun: koBug 19; cekcyanHe pasnvke; TpyaHoha; xeHe
Y KapAVonoruju; ANCKPUMUHaLIWja; MHKITY3Wja
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OpraHu3oBatbe OCHOBHE eayKauuje u3 06aactu
TPaHCTOpaKanHe exoKapauorpaduje y Cpbuju -
ctaHoBuwTe Exokapaunorpadckor yapykerwa Cpbuje

MeaH CraHkoBUh'?, 3opuua MnageHosuh*#, NaHujena TpudyHosuh-3amaknap',
bocurbka Byjucuh-Tewnh's, Jbumbana Jososuh’, Munuua eknesa-Marojnosuh'8,
AnacTasuja Crojwmuh-Munocaembesnh®', MapuHa [emaHuH-Unuh!?,

OumnTpa Kanumaroscka-OwTtpuh', Cnobogan O6pagoBuh®#, Anekcanaap H. Hewwkosuh'2
'"YHusep3uTeT y beorpagy, MeguumHcku dpakyntet, beorpag, Cpbuja;

2KnuHuuko-6onHMYKM LieHTap ,3emyH’, Cnyxba kapauonoruje, beorpag, Cpbuja;
3YHuBep3uTeT ofbpaHe, MeguumnHckn dakyntet, beorpag, Cpbuja;

“BojHOMeAMLMHCKa akafemuja, beorpag, Cpbuja;

SYHnBep3uTEeTCKM KNHNYKN LeHTap Cpbuje, KnuHuka 3a kapguonorujy, beorpag, Cpbuja;

MonnknuHuka ,Apc Mmeanka“, beorpag, Cpbuja;
’OpanHauuja KapanonHtepHa’, beorpag, Cpbuja;

8KnuHMuKo-60NHNYKM LieHTap ,3Be3aapa’, beorpag, Cpbuja;

*YHnsep3utet y Hosom Cazy, MeguumHckn dakyntet, Hosn Cag, Cpbuja;

YWHcTnTyT 3a KapanosackynapHe 6onectu BojsopuHe, Cpemcka Kamenuua, Cpbuja;
""YHuep3uTeT y Huwwy, MeguuuHcku dakyntet, Huw, Cpbuja;

2NHCTNTYT 3a pexabunutauujy, Huwka barba, Cpbuja

CAMETAK

Exokapamorpaduja je Her3ocTaBHa A1jarHOCTIYKa BELUTIHA KapAMOora 1 fieKapa ApyriX CnewvjanHocTi
Koju yuecTByjy y 36putbaBatby 6onecHKa ca KapavoBackynapHum 6onectuma. OBum nytem Exokapau-
orpadcko yapyxere Cpbuje caoniiTaBa CBOje CTaBOBE Y BE3U Ca OPraH130BakbeM OCHOBHe 0byKe 13
0611acTn TpaHCTOpaKaHe exokapanorpaduje, ca UnbeM yjeiHayaBatba 1 NoAm3arba KBanmteta obyke

y Cpbuju.

KmbyuHe peun: eykaluja; exokapauorpaduja; Cpbuja

yBOJ

[IInpoka 3acTYI/beHOCT eXoKapauorpaduje
OYEKMBaHO je floBena o mosehaHux 3axTesa
3a eyKaIijoM, a OfICYCTBO 3aKOHCKIX HOPMU
y 0BOj 006/1aCTH U XeTeporeHoCT mocrojehux
eyKaTMBHUX IpOrpaMa JOBOJie Y MUTambe
KBaJIUTET caMe 00yKe U KOMIIeTeHIIN)Y Koja
ce CTHYe Kajia ce 0OyKa 3aBpIIIy.
Exoxappuorpadcko yapyxemwe Cpouje
(EXOC) Beh cxopo 20 ropnHa OKyI/ba BO-
nehe exoxkappuorpaducte y Cpbuju ca nupem
yHanpehema exokapauorpaduje Kpos opra-
HI30Bake I yCMepaBame efyKalije 13 oBe
obnmactu. EXOC je mpaKkTUYHO Off CBOT OCHIU-
Bamba 3BAaHMYHU MapTHep EBpornckor yapy-
Kema 3a exokapauorpadujy [cama EBponckor
yApYXKema 3a KapiNOBACKy/TapHU VIMULIVHT,
European Association of Cardiovascular Imaging
(EACVI)] n moppxasa craBoBe EACVI y3 yBa-
JKaBambe JIOKA/HYX crienmuaHocTy [1].

CTABOBU U MNMPEMOPYKE

OsuM nyteM EXOC caomuTaBa cTaBoBe y Be3n
ca OpraHN30BambeM OCHOBHE 00yKe 13 06/acTy
TpaHCTOpaKajIHe exoKapayorpadumje, ca ubeM

yjemHadaBama I oAM3ama KBanuTeTa ooyke y
Cp6ujn. CraBoBu ce TeMerbe Ha IIpeNopyKama
MehyHapOHUX CTPYKOBHMX OpraHU3anyja u
eKCIePTCKMM MULbebuMa [2, 3].

EXOC noppxaBa efykaTuBHe IIporpame
IJIaHMPaHe M U3BefleHe Y CKIaJy ca JloeHa-
BeJIeHUM CTaBOBUMA.

1. Tpajarbe IPaKTUYHOT iefla OCHOBHE 06yKe
Tpeba fja Tpaje HajMamwe Tpu Mecena (40
PaJIHMX caTy HeflelbHO TOKOM 12 Hefierpa),
Y3 MEHTOPCTBO CAMOCTA/THOT eXOKapyy-
orpaducTe y IIeHTPY KOju 06aB/ba BETUKI
6poj mpernena (MuHMMYM 20 Ha THEBHOM
HUBOY).

2. IIpaxtuyunnm geo obyke Mopa fia o6yxBara
KOMOUMHAIV]y CITy4ajeBa ca HOpMalTHUM
U MaTONOIIKNM HajasuMa, ca Behum
yZeoM HaTOoNMOIKNX Hamasa (IoKerbaH
offHOC cmyyajeBa 20/80% y kopyucT nmaro-
JIOLLIKOT HaJlasa).

3. IlpakTuyHu fieo 06yKe Mopa fa 06yxBary
HajJenrtha ypreHTHa cTama y KapinoBa-
ckynapHoj (KB) meguuunnu (Tabena 1);
YKONMKO CBa HaBefleHa CTama He Oyny
3acTyIUbeHa TOKOM 00yke, Tpeba mpu-
KasaTJ BUIIe apXMBMPAHNX IIpUMepa 1
IMCKYTOBATH UX Ca MOMa3HUIVIMA.
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Ta6ena 1. YpreHTHa cTarba Koja Mopajy 6uTn obyBaheHa npakTMyHom
HacTaBom

Table 1. Cardiovascular emergencies that must be included in practical
training

1. Aucekumja aopte / Aortic dissection

2. MnyhHa Tpomboembonuja / Pulmonary thromboembolism
3. AKYTHU KOpOHapHW cnHapom / Acute coronary syndrome
4. TamnoHapa cpua / Cardiac tamponade

5. AKyTHe BanBynapHe peryprutauuje / Acute valvular
regurgitations

6. AKyTHa AncoyHKUMja BelwTaukmx Bansyna / Acute dysfunction of
artificial valves

Ta6ena 2. lporpam Teopujcke obyke
Table 2. Program of the theoretical training

M3Boherbe nperneda n nogellasarbe anapara
/ Performing the examination and setting up the machine

[Lonnep exokapavorpaduja: OCHOBHY NPUHLWNN
/ Doppler echocardiography: basic principles

MpoueHa yHKLMje neBe 1 fecHe KoMope
/ Assessment of left and right ventricular function

AKyTHU nHbapKT Mruokappa / Acute myocardial infarction

YpreHTHa 1 CTpec exokapanorpaduja
/ Emergency and stress echocardiography

BansynapHe maHe / Valvular defects

BewrTauke Bansyne / Artificial valves

AKyTHV aopTHY cuHApom / Acute aortic syndrome

NHpekTrBHM eHpgokapauTic / Infective endocarditis
MwuokapauTuc / Myocarditis

MeprikapanTUC 1 TaMmNoHaga cpua
/ Pericarditis and cardiac tamponade

MnyhHa emb6onuja / Pulmonary embolism
Kapanomwnonatuje / Cardiomyopathies

WHTpakapavjanHe mace / Intracardiac masses

Hajuewwhe ypoheHe cpuaHe maHe Kof oapacimx
/ The most common congenital heart defects in adults

4. Teopujcka HacTaBa MOpa fja 00yXBaTy OCHOBHA
3Hama 0 aHATOMMjH, GUSMOMOrUjU 1 aTOPU3IONIO-
ruju KB cucTeMa Koja Cy HEOIIXOfIHA 32 pasyMeBatbe
exokappyorpadckor Hamasa. bonectn 1 crama Koje
Tpeba 06aBe3HO 0OYXBATUTY TEOPMjCKOM HACTABOM
cymupana cy y Tabemn 2.

5. TokoM IIPaKTUYHOT fiefia 06yKe, IIOTA3HUK Tpeba
Jla y4ecTByje y Iperneay HajMame 350 6omecHnKa
y3 HaJi30p MEHTOpa U [a BOAY JHeBHUK ypahennx
nperena.

6. Obyka Tpeba 06aBe3HO fa ykpyuu cnefiche: M-Mof,
IBOZIVIMEH3JIOHA/IHY eXOKapanorpadujy, fomiep y
60ju, IyICHN, KOHTUHYVMPAHU U TKUBHMU JOIIEP.
IToxxe/pHO je fja onasHuK Oyfie YIO3HAT ca OCHOBA-
Ma TPOLMMEH3NOHAIHE, CTPEC, KOHTPACTHE U TPaH-
cesodareanHe exokappuorpaduje 1 MpUHIUIIIMA
aHanuse fepopmMaluje Muokapaa, 6e3 obasese na
HOJIa3HMLIY HAKOH TPOMecedHe 06yke CaMOCTaIHO
U3BOJIe OBe eXoKappyorpadcke Mofanurere.

7. HakoH 3aBpI1IeHOT IIPaKTUYHOT 1 TEOPUjCKOT Hefa
06yKe, KaHAMAAT Tpeba fja IPUCTYIIN 3aBPLUIHOM
UCIINTY, Y3 IPETXOLHY IIOTBPAY CyHepB130pa fia je
OBJIaJIa0 TEXHMKOM U3BODema mpernena. YKOINKO
HeIoCpefHN CYIepBU3OP CMaTpa Ja KaH[uAaT
HIfje OB/Iafja0 TEXHMKOM IIper/iefia, IPaKTIIHI 1e0
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o06yke Tpeba IPORYKUTY [0 IIOCTH3aba IOTPeOHOT
HIBOA O0YYEHOCTI.

8. Vcnnt Tpeba ma ce cacToju of muTama ca MoHybe-
HUM OITOBOPMMA VM BUJI€O-TINTalba, Tj. IPero3Ha-
Bama KB nmaronoruje Ha mpakTMYHMM IpUMepUMa.

9. KangupgaTu Koju TauHO OATOBOpe Ha BuIle of, 60%
MTarba IOIOXK/IN CY 3aBPIIHM UCIIUT U CTEK/IN ITpa-
BO Ha M3JaBambe cepTidyKaTa 0 3aBpIICHOj OOy

10. HaxoH 3aBpiieHe 06yKe, moasHuLy Tpeba 1a cTek-
HY CIIOCOOHOCT 1 3Hame Ia 00aB/bajy TPaHCTOpa-
KaJlHe exoKappauorpadcke mperese oz Hai30poM
CaMOCTaJIHOT eXOKapayorpaucTe, 0 CTULAbA UC-
KYCTBa 3a CaMOCTa/IHO, HEHAJI/IeJaHo M3Boheme
OBUX IIperiefia.

11. IToTBppa 0 3aBpIIEHOj 0OYIY HIfje eKBYBAJIEHT JIU-
LleHIle 3a CAMOCTAaJIaH paj, M HeMa TaKBYy IpaBHY
cHary. JIunjeHniMparme, Tj. M3flaBame JO3BOJIE 3a Ca-
MocTasHO 13Bobeme exokapayorpadckor mpernena
je y HaIIeXKHOCT 3aKOHOM IIperBubeHnx oprana u/
VIV JIMLIA Y 3[JPaBCTBEHO] YCTAHOBM Y KOjOj JIeKap
ca 3aBpIIEHOM 00YKOM 00aBJba JIeKapCKy IIPaKcy.

12. Vlako cBa nuiia ca 3aBpLIEHNUM CTyAiMjaMa MeJu-
nuHe Mory noxabarn exokappguorpagcky o6yky,
CaMOCTaJTHO U3Boheme Iperiefa HaKOH 3aBpLIeHe
elyKalllje je OrpaHMY€EHO Ha JIeKape KOju IpeMa
nponucuma Peny6mmke Cpbuje nmajy popmanto
IIpaBoO JlJa CAMOCTAJIHO U3BOJIe, MHTEPIIPETUPajy U
IIOTHIICYjy OBY BPCTY Iperiefia (10 IIpaBIIy CIle-
LMjajIuCTU U CYICIeLUjalMCTy OAroBapajyhux
npodua).

Enyxanujy 13 oBe 0671acT! KOja He UCITy-aBa HaBefe-
He kpurtepujyme EXOC He cMaTpa exokapanorpagckom
00yKOM K0ja 0crioco6/paBa KaHAMAATA 32 KBATUTETHO
usBoheme TpaHCTOpaKaIHYX IIperyefa.

3AKJ/bYYAK

Anxera EXOC-a o cramy exokapguorpaduje y Cpouju
OTKpWIIa je TOTpeby 3a yHanpebhemeM n3Bobhema exokap-
puorpadckux npernenal3]; y ucroj ankeru camo 12%
YJIAHOBA YAPY>Keka KOjy Cy Y4eCTBOBAIN Y aHKETH OUIO
je IOTIYHO 3a[JOBOJ/BHO JJOCTUTHYTUM HUBOOM eflyKa-
uuje. ITopen Tora, ankera EXOC-a cripoBefieHa TOKOM
naHjemMuje KoBuzia 19 ykasana je Ha 3Ha4aj IIO3HaBarba
6a3uyHOr yNITpasByka IIyha, Te 0Baj BUJ efyKalyje Tpe-
6a 00yXBaTUTV YPreHTHOM eXoKapauorpadujom [4, 5].
OB nofaly yKasyjy Ha Be/IMKY IOTpeOy 3a efyKaTMBHUM
porpammma Bucokor kBaymrera y Cpouju. C M y Besn,
EXOC npepnake HaBefileH! OKBUP Kao I0/Ia3HY OCHOBY 3a
yHanpebemwe kBanuTeTa egyKauuje, 1o TpeHyTKa ypebu-
Bama OBe BaXXKHe 00macTy oarosapajyhuM 3akoHCKUM
aKTMMa U IIPOINCHMA.

INoTenumjanmuu cyko6 nurepeca: Visan Crankosuh,
Mununa Jleknesa-Manojnosuh, Mapuna [le/paHnH-
Wnuh, Oumutpa Kanumanoscka-Ourrpuh u Anexcanpap
H. HemkoBuh cy yuectBoBanu y ussohemy exoxapau-
orpadcke obyke nmog okpupem EXOC-a. lanujena
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Tpudynosuh-3amaxnap, bocumka Byjucuh-Temuh u
Humvnrpa Kamimanoscka-Omrpuh cy yyectBoBare y us-
Bohemwy 00yKe IIOfI OKpM/beM YHUBEP3UTETCKOT KINHIY-
kor nenrpa Cpouje. Jbupana Jososuh je 6uma ocHuBa4 u
pykoBopman Exokapanorpadcke mkorne y ViHCTUTYTY 32
KappuoBacKynapHe 6omectu ,,Jlemuse” y mepuony og, 2007.
mo 2018. roguue. Anacrasuja Crojunth-Munocasbesuh je
y4ecTBOBasIa y usBohermy o6yKe 1oy okpubeM VIHCTHTYTa
3a KapamnoBacKynapHe 6onectu Bojsoguue. 3opuia
Magenosuh u Cno6ogan O6panosuh cy yuecTBoBamu y
usBobemy 06yke 1oy OKprbeM BojHOMeMIIMHCKe aKajie-
Muje. AyTOpy HETMpajy IOCTojarbe APYTUX IMOTEHIMjaTHIX
cykoba MHTepeca.
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Organization of basic education in transthoracic echocardiography in Serbia - a
viewpoint of the Echocardiographic Society of Serbia
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SUMMARY

Echocardiography is an indispensable diagnostic tool of cardi-
ologists and other specialties involved in proving care to car-
diovascular patients. In this paper, Echocardiographic Society
of Serbia provides its viewpoint regarding the organization of
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basic education in transthoracic echocardiography, aiming at
homogeneity of education and improving the quality of echo-
cardiographic training in Serbia.
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LETTER TO THE EDITOR / MACMO YPEOHUKY

Spontaneous splenic rupture in marginal zone

lymphoma at presentation

Dear Editor,

Spontaneous (atraumatic) splenic rupture
(SSR) may occur even in a normal healthy
spleen; however, in most cases, it happens in
an enlarged spleen due to serious infections,
malignant diseases before and after therapy,
metabolic diseases, vascular, and hematologi-
cal diseases. Generally, it is always a life-threat-
ening condition that requires an immediate
diagnosis and splenectomy. To the best of our
knowledge, SSR has been rarely described in
lymphoma of the marginal zone although these
patients always have significant splenomegaly
[1, 2, 3]. We present a patient that could be the
third case ever reported.

A 57-year-old male with complaints of epi-
gastric pain radiating towards the left hemi-
thorax and towards the left shoulder, which
appeared seven days earlier, was admitted at
the surgical department. There was no history
of trauma. Two years previously, he had been
submitted to laparoscopic cholecystectomy,
after which he was told about having a moder-
ately enlarged spleen. Being symptom-free, he
ignored the information until recently, when
pancytopenia and hepatosplenomegaly were
discovered during a routine checkup.

At admission, he was pale but hemody-
namically stable, with a moderately enlarged
abdomen, epigastric tenderness, hepatospleno-
megaly, and signs of free fluid within the abdo-
men. Laboratory data was as follows: hemoglo-
bin 76 g/1, hematocrit 22%, platelets 90 x 10%/1,
white blood cells 1.7 x 10%/1 (differential leuko-
cyte formula: neutrophils 77%, lymphocytes
13%, monocytes 6%, eosinophils 3%, basophils
1%), lactate dehydrogenase 740 U/l (normal
range 220-460 U/1), glycaemia 8.4 mol/l, to-
tal proteins 53 g/I (albumin 35 g/1), C-reactive
protein 112.7 mg/l (normal range 0-5 mg/1).
The rest of biochemistry and clotting screen
tests were within normal limits. Bone marrow
aspirate was normal.

Multidetector computed tomography
(MDCT) showed a mild bilateral pleural effu-
sion, enlarged liver (22 cm), enlarged spleen

(25 cm) with signs of rupture at the upper pole
and several hypodense zones probably caused
by infarctions, as well as free fluid of higher
density corresponding serohemorrhagic con-
tent (Figure 1).

Left subcostal laparotomy was done, through
which serohemorrhagic fluid was aspirated, a
4.5-cm rupture of the upper pole of the spleen
was found, and splenectomy and biopsy of the
liver were performed. The intraabdominal
lymph nodes were not enlarged.

The spleen was 280 x 180 x 120 mm in
diameter, weighing 2700 g, firm and with
a ruptured upper pole. On cross section it
showed a large homogenous granular struc-
ture. Histology was significant for congestion
of the red pulp and proliferation of the white
pulp, showing merging and spreading of diffuse
infiltrates into the surrounding red pulp. The
infiltrate was composed of small and medium
sized cells of lymphoid and monocytic mor-
phology corresponding with lymphoprolifera-
tion in non-Hodgkin lymphoma (NHL). The
area of rupture in the upper pole corresponded
with necrosis and fresh infarction. Histology of
the liver showed small cell infiltration of portal
spaces. Immunohistochemistry showed that the
malignant cells were CD20+, CD79a+, CD3-,
CD5-, bcl-2 -/+, CD10-, CD23-, cyclin D1-,
CD38-, CD138-, kappa-, lambda-, DBA+/-,
VD25-, CD123-, CD34-, CD8-, CD30-, CD15-,
CDé61-, TRAP-, and Ki67 positive in about 10%
of cells. Histology and immunohistochemistry
were consistent with the diagnosis of splenic
marginal zone lymphoma (SMZL). Histology
of the liver showed small lymphoid cell infil-
tration within portal spaces with the same his-
tological and immunophenotypic characteris-
tics as those seen in the spleen. Bone marrow
aspirate and histology was free of lymphoma.
Virology was negative. The final diagnosis of
SMZL with liver involvement was established.

The postoperative recovery was unevent-
ful. High number of platelets of 1020 x 10°/1
required treatment with low-molecular-weight
heparin and aspirin. The post-splenectomy
prophylactic vaccination was performed.
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Figure 1. Multidetector computed tomography showing mild pleural
effusion, enlarged liver (22 cm), enlarged spleen (25 cm) with signs of
rupture in the upper pole and a number of hypodense zones probably
caused by infarctions; there is a certain amount of free fluid of higher
density corresponding serohemorrhagic content

Although splenectomy has been regarded as a treatment
of choice of SMZL, due to liver involvement, additional
immunochemotherapy will be applied.

SMZL appears in less than 2% of NHL. Histologically,
it shows the proliferation of mature B-lymphocytes. There
are three forms of SMZL: nodal MZL, splenic MZL, and
extranodal MZL of mucosa-associated tissue. The diagno-
sis is based on the localization of the disease, histology, and
immunohistochemistry. Tumor cells are CD20+, CD79a+,
CD5-, CD10-, CD23-, CD43-, and Cyclin D1-. Most fre-
quently they have an indolent course even in patients with
bone marrow involvement. If the disease is localized in
the spleen only, splenectomy is necessary to establish the
diagnosis. In such cases splenectomy is the only treatment
requiring no further treatment, but close follow-up is nec-
essary. Rupture of the spleen as in the presented case may
be the result of significant enlargement of the spleen due to
infiltration of the splenic tissue by the tumorous tissue and
infarction in the subcapsular space. Smaller size infarctions
may be found in the other areas of the spleen, which may
be seen on MDCT, as in our patient.

SSR may have an acute or subacute clinical course, as
in the presented case. Thus, clinical pictures of SSR may
vary depending on the rupture size, as well as on possible
adhesions around the spleen preventing major bleeding
in a short period of time. Typically, it is followed by ab-
dominal pain radiating toward the left hemithorax and
the left shoulder, as seen in our patient, nausea, vomit-
ing, and hemodynamic changes [4, 5]. In rare cases, pain
may be absent, so that possible rupture should be con-
sidered if patients with splenomegaly develop a hemody-
namic change. In such cases, abdominal ultrasonography
and computed tomography are to be performed [6, 7]. In
unclear cases, a diagnostic lavage of the peritoneal cavity
may be recommended [8]. If the rupture is a major one,
serious bleeding can occur and requires urgent diagnosis
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and surgery; otherwise, it may have a fatal outcome [5, 9,
10]. It is important to know that there is no laboratory or
imaging method to predict a rupture, so it is important to
take the possibility into account.

Three explanations are offered to clarify the nature of
splenic rupture in lymphomas. Parenchyma of the spleen
in hematological malignancies becomes infiltrated with
malignant cells, which leads to an increase in the intras-
plenic pressure, which in turn transmits onto the splenic
capsule, causing rupture. The disturbances of coagulation
or thrombocytopenia may cause intrasplenic or subcap-
sular bleeding. Finally, an infarction that leads to rupture
may be caused by increased pressure of the proliferated
tissue on intrasplenic blood vessels [3, 4, 8, 11].

There are several pathologies that may lead to SSR. In
an analysis of 632 publications presenting with SSR, in
845 patients within a period 1980-2008, neoplasms were
the cause of SSR in 30.3%, infections (malaria, infectious
mononucleosis) in 27.3%, inflammatory non-infectious
diseases (autoimmune diseases, hemolytic anemia) in 20%,
rupture after different chemotherapeutic agents in 9.2%,
mechanical rupture in 6.8%, and idiopathic rupture of the
normal spleen in 7% [10, 11].

Several hematological diseases result in splenomegaly.
However, SSR in those diseases is an unusual event. Among
them, SSR is most frequent in NHL. In a series of 136 pub-
lished cases of SSR in a period 1861-1995, SSR in NHL was
registered in 34%, in acute myeloid leukemia in 34%, and
chronic myeloid leukemia in 18% [8, 11]. Among NHL
cases, spontaneous rupture appears with similar frequency
in diffuse large B-cells lymphomas, blast variant of mantle
cell lymphoma, anaplastic large cells, and hepatosplenic
lymphoma, and is rarely described in diffuse histiocytic
lymphoma, follicular lymphoma, malignant lympho-
monocytic, and diffuse histiocytic lymphoma [3, 12]. In
this series, no single case of SSR was registered in patients
suffering from SMZL lymphoma.
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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. IlenokynHu pyKonuc pajia KOju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTaK, TeKCT Pajia, CIMCaK JIMTepa-
Type, CBY TIPUIO3Y, OHOCHO TOTIINCY 3a HUX U JIETeHIa
(taberne, cnuke, rpadMKOHM, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VMKYy — MOpa M3HOCUTHU
3a OPUTHHAIHY Pajfl, paji U3 MICTOPHje MeUIIVHE U Tpe-
rnep mureparype o 5000 peyn, a 3a IPETXOZHO U KPATKO
CAOIIITebeE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, pafi 3a
IpaKCy, efyKaTYBHY YWIAHAK U paf 3a pyOpUKY ,,]e3uk Me-
puiyHe 1o 3000 peuy; pajoBY 3a OCTate pyOpuKe MOry
nMary Hajume 1500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6UTH Y popMa-
Ty avi, mp4(flv). Y mpsoM xazipy ¢uamMa Mopa ce HaBecTI:
y HaiHacmoBy CpIICKM apXVB 32 LIeJIOKYITHO TeKapCTBO,
HACTIOB pajia, Ipe3VMeHa U MHUIIVjay IMeHa U CPefEbeT
C7I0Ba CBMX ayTopa paja (He ¢puama), rofuHa uspage. Y
IPYTOM Kafpy MOpa OMTHU YCHUM/bEH TeKCT paja y BULY
arcTpakTa fjo 350 peun. Y mocnenmeM Kapy GpumMa Mory
Ce HaBeCT MMeHa TeXHIIKOT 0cob7ba (pexija, CHUMATeTb,
CBET/IO, TOH, GpoTorpaduja 1 ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy ¢ororpadujy Kao MirycTpauujy npukasa, usjaBy
HOTIIMCAHY Of CBET TEXHIYKOT 0co6/ba fla ce Ofpuyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

IIPVUIO3M PALTY cy tabene, cnuke (pororpaduje, up-
TEXM, CXeMe, IpadVKOHM) M BULIEO-TIPUIO3NL.

CBaka Tabena Tpeba ma 6yge cama 1o ce6y 1ako pas-
ymmpuBa. Hacnos Tpeba oTkyuary usHap taberne, a
objammema ncroy we. Taberre ce 03HavaBajy apancKuM
6pojeByMa mpema pegocneqy HaBobhema y Texcry. Ta-
6erne IpTaTH UCK/BYUNBO y Iporpamy Word, kpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TayHOT 6pOja KOTOHA
u pefoBa Koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nnomohy onnuja Merge Cells u Split Cells -
crajaTi, ogHocHo femmty henuje. Kynatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 6e3 yBradera Tekcra. Kopumrhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH Y IeTeHAM UCIIOF, Tabe-
7e. YKOJIMKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUIOKNUTH
HasuBe Tabea U eTeHAy Ha 00a jesuka. Takobe, y jenny
Tabeny, y OKBUpPY 1cTe henuje, yHeTI U TEKCT Ha CPIICKOM
U TEKCT Ha €HIVIECKOM je3UKy (HMKAKO He IIPaBUTH [iBe
Tabere ca fiBa jesukal).

Ciuke cy cBy 06/ rpadU4Kmx OpyUjIora U Kao ,,CimKe”
y CA ce 06jaBmyjy dororpaduje, ipresxn, cxeme u rpadu-
koHM. C/IMKe 03HaYaBajy ce aparlcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce CKk/bydInBo
pururante ¢pororpaduje (pHO-6eme umm y 60ju) peso-
nynuje Hajmame 300 dpi u dopmara sanica tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIEr KBanuTeTa Hehe ce mprxBa-
TaTy 3a MTaMname!). YKONMMKO ayTopy He MOCeRyjy M
HICY y MoryhHOCTH fia locTaBe gurnTante pororpaduje,
OHJIa OPUTVMHAJIHE CTMKe Tpeba CKeHNPATHU Y Pe30myyjn
300 dpi u'y OpUTMHATHOj BETMYMHN. YKOIMKO je paj Heo-
IIXOJTHO VTyCTPOBATH Ca BUIIle CIMKa, y pany he ux 6uru
00jaB/beHO HEKOJIMKO, a ocTasie he 6utn y e-Bep3uju wiaH-

Ka Kao PowerPoint mpe3eHTanja (cBaka cmka Mopa 6uTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpannje pafa) Mory Tpajaru 1-3
MUHyTa 1 6utn y opmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH ITOCEOHO CUKY Koja 61 Ou/Ia MaycTparja BUeo-
IpHKasa y e-M3hamy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOMMKO je pyKOIMC Ha CPIICKOM je3UKY, IIPUIOKWUTH Ha-
3UBe C/IMKa 1 JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecIM MOTY IITAMIATH y 60ju, anu JofaTHe
TPOLIKOBE IITaMIle CHOCE ayTOPH.

Ipadukonu tpeba ga 6yny ypahennu u focrasbeHn y mpo-
rpamy Excel, ma 6u ce Bupene mpatehe BpefHOCTH pacIio-
pebene o henujama. Vicre rpadukoHe npexonupaTii u y
Word-oB foKyMeHT, rjje ce rpaduKOHN O3HaYaBajy apar-
cknM 6pojeBrMa IpeMa pefociefy HaBohema y TeKCTy.
Csu nopaiy Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopuuthene ckpahennue Ha rpaduxony tpeba
00jacHUTH y JIeTeHU UCTION rpaduKoHa. Y IMITaMIIaHoOj
Bep3Mju WIaHKa BepoBaTHIje je fa rpadukoH Hehe 6urtn
IITaMIIaH y 60ju, Te je 6ojbe u3beraBary kopuinhemwe 60ja
y TpaduKOHMMa, WV X KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKONKO je PYKOIINC Ha CPIICKOM je3UKY, IPUIOXUTH
HasuBe rpaduKOHa Vi JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce HOCTaBIbajy y jpg wiu tiff popma-
Ty. CxeMe ce Mory upTaru u 'y nporpamy CorelDraw wmu
Adobe Illustrator (mporpamu 3a paj ca BeKTOpKMa, KpyBa-
Ma). CBM Iofjaliy Ha CXeMU Ky1iajy ce y donty Times New
Roman, BemmunHa crosa 10 pt. Kopumhene ckpahenuie
Ha cxeMyt Tpeba 06jaCHUTI y JTeTeH/M NCTIOf, CXeMe. YKO-
JIIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUITOXKNTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBectu cBe capajHMKe KOju Cy JOIIPU-
HeJN CTBapamy pajia a He NCIYaBajy MeplIa 3a ayTop-
CTBO, Kao0 LITO Cy 0cobe Koje 06e36ebyjy TeXxHUYKY mo-
Moh, moMoh y nvcamy paja M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa 1 MaTepyjaHa
nomoh, y 061Ky CIIOH30PCTBa, CTUIICHM]ja, TOK/IOHa,
olpeMe, IeKOBa I IpyTo, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHIiu je OITOBOPHOCT ay-
TOpAa, @ IUTUPAHN WIaHIM Tpeba fa Oyay mako IpUCTY-
MavHM YnTaolyMa Jaconuca. Crora y3 caky pedepeHiy
ob6aBe3Ho Tpeba HaBecTyt DOI 6poj uiaHKa (jefHCTBEHY
HIICKY KapaKTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pecdepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
mpeMa pefocieny HaBohema y TekcTy. bpoj pedepenmu
He 61 Tpebano fa O6yne Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOjeM je J03BO/beHO fia uX Oyze go 50, m'y
MeTaaHajusl, Ihe UX je fosBosbeHo o 100. bpoj nurn-
PaHNX OPUTMHATHMX pafioBa Mopa 6uTu HajMame 80%
oJ1 YKyIHOT 6poja pedepeHIu, OfHOCHO 6poj unuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke my6mm-
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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 Edito