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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.
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Impact of the COVID-19 pandemic on dental practice
in Serbia — prospective study
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SUMMARY

Introduction/Objective The COVID-19, pandemic had a great impact on all spheres of dental practice.
Dentists are the most affected category, due to their line of work. Studies conducted worldwide have
shown a range of repercussions in dentistry including lockdowns, limited access to dental services,
changes in prices, working hours and availability of protective equipment, increased anxiety levels,
changes in the protocols, and personnel fear of contracting the disease at work.

The aim of this prospective observational survey study was to evaluate the impact of the COVID-19 pan-
demic on the dental practices in Serbia, as well as the challenges and consequences faced by dentists
since the beginning of the pandemic, via an anonymous questionnaire.

Methods Multi layered questioner was used divided in to four sections: 1. Demographic; 2. Dental office
professional experience; 3. Epidemiological professional experience; 4. Personal pandemic experience.
Results In total, 459 members of the Serbian Dental Chamber participated, gender distribution was
34.4% men and 65.6% women, age range was 26-81 years, of which 76.4% were immunized against
COVID-19. Professional, epidemiological and personal experience showed high level of preventive mea-
sures, overcoming professional limitations in order to lower the probability of contracting and spreading
the disease.

Conclusion The COVID-19 pandemic had a large influence on the dental practice in Serbia. Many dentists
had to overcome the professional, economic and personal limits. The immunization made all the differ-
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ence and created a safer environment for dentists and patients.
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INTRODUCTION

The outbreak of the COVID-19 pandemic in
December 2019 caught the worldwide health-
care providers unprepared. The epidemiologi-
cal situation in Serbia in the early 2020 was
similar. Medical practitioners did not know
how to cope with the pandemic, since there was
no conventional therapy or immunization. The
only means of prevention was the protective
equipment, which was not always available. The
scientific data and the epidemiologist recom-
mendations were essential [1, 2, 3].

However, the COVID-19 pandemic had a
great impact on all spheres of healthcare, one
of which was dental practice. Many studies
worldwide have shown that dentists were one
of the most affected categories, due to their line
of work. Dental medicine doctors were at the
first line of health risk since they work face to
face with patients. The purpose of this study
was to collect data in order to help dentists to
cope better with future epidemiological risks
[4, 5, 6].

A highly contagious severe acute respiratory
syndrome coronavirus 2 (SARS-CoV?2), is eas-
ily transmitted during dental procedures that
commonly generate blood and saliva aerosols
that could lead to the infection. The instru-
ments such as turbine and cavitron generate
aerosols, the mist formed of micro droplets of

saliva and/or blood that float in the air creating
a potentially contagious environment [7, 8, 9].

Since the infection rates were high and the
resources limited, many dental practitioners
had to close their offices temporarily, change
protocols, increase protection and change pric-
es. All of that influenced the dentists from the
socio-economic, professional and psychological
point of view. Likewise, the studies conducted
worldwide showed a range of consequences
in dentistry that included lockdowns, limited
access to dental services, changes in prices,
working hours and availability of the personal
protective equipment, increased anxiety lev-
els, changes in dental protocols and personnel’s
fear of contracting the disease at work [7, 8, 9].
Many dental offices in our country reported
significant changes in the number of patients
per month before and during the pandemic.
They caused changes in income, working
hours and standard treatments. The Ministry
of Health and the Serbian Dental Chamber
gave recommendations on how to change pro-
tocols, increase the protection of patients and
dental practitioners, and how to organize dental
practice work in a safe manner. The question is
how many dental practitioners followed these
instructions since they were not mandatory.
With the availability of vaccine and the strong
anti-vaccine propaganda on the other side, one
of the questions is what percentage of dental
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practitioners was immunized. Dental tourism is a signifi-
cant source of patients for many dental offices, so one of
the questions is if the dentists asked foreign citizens for a
valid pandemic-related documentation.

The aim of this prospective observational survey study
was to evaluate the impact of the COVID-19 pandemic on
the dental practices in Serbia, as well as the challenges and
consequences faced by dentists since the beginning of the
pandemic, via an anonymous questionnaire.

METHODS

The structured anonymous questionnaire was distributed
to the members of the Serbian Dental Chamber via the
e-mail database. The multi-layered questionnaire was di-
vided into four sections:

1. Demographic;

2. Dental office professional experience;

3. Epidemiological professional experience;

4. Personal pandemic experience.

The anonymous questionnaire was created and filled
out with Google services. All the data was sorted in an
Excel base, and then the SPSS statistical program (SPSS
Inc., Chicago, IL, USA) was used for further data analysis.
The data was statistically analyzed and the variables were
cross-referenced. The questionnaire was oriented towards
the Serbian private and public dental healthcare sector
with a specific regional center orientation: Belgrade, Novi
Sad, Ni§, Kragujevac (as major cities), Belgrade region,
Central Serbia, Vojvodina, Southern Serbia, Eastern Serbia,
Western Serbia, Kosovo and Metohija. In consideration to
the level of education and the field of dentistry, there were
general dentists, specialists, PhD/magister, primarius, oral
surgeons, dental prosthetists, orthodontists, conservative
dentists, periodontist, pediatric dentists.

The study was approved by the Ethical committee of
the School of Dental Medicine, University of Belgrade,
no. 36/29.

RESULTS

The demographic data gave us an insight into the par-
ticipant structure: a total of 459 members of the Serbian

Table 1. Participant structure

Dental Chamber answered the questions anonymously.
The participant gender distribution was 34.4% men and
65.6% women, whose age range was 26-81 years with the
highest frequency among the dentists 39-40 years old. A
majority of the participants were general dentists 70.7%,
the other 29.3% were distributed among different spe-
cializations. A majority of them were without any post-
graduate levels, 60.8%, specialists 29.8%, PhD 8.3%, pri-
marius 1.1%. The private sector employees participated
with 74.3%, while there were 25.7% from the public sector
(Tables 1 and 2).

Table 2. Regional participant distribution

Regional participant distribution

Belgrade 37.4%
Novi Sad 8.3%
Nis 5.3%
Kragujevac 2.4%
Belgrade County 2.4%
Vojvodina 13.3%
Western Serbia 7.2%
Eastern Serbia 4.4%
Southern Serbia 7.2%
Central Serbia 10.7%
Kosovo and Metohija 1.3%

The part of the questionnaire titled “Professional expe-
rience in dental practice” gave us an insight into the modi-
fied approach to a patient in the pandemic circumstances:
a majority (84.9%) of all the participants triaged their pa-
tients during the first visit and 73.3% had a questionnaire
about the pandemic, 65.1% asked if their patients were
immunized, and only 8.8% asked for the immunization
certificate. Most of them (72%) asked if their patients had
travelled to high-risk regions, and 76.8% of the dentists
inquired if they had had risky contacts recently. More than
a half of the participants (52.1%) measured the patients’
temperature before the treatment, 88.8% asked if their pa-
tients had flu-like symptoms, and 91.2% postponed the
intervention if their patients had any flu-like symptoms.
Only 10.1% asked for a valid negative COVID test and
1.5% refused to treat non-immunized patients.

In the personal history anamnesis, 79.8% of the den-
tists asked if their patients had previously had COVID
infection, and 55.1% of dentists stated that their patients

Male 159/34.4%
Female 300/65.6%
Total 459/100%
Range Highest
Age 26-81 frequency
39-40
Sector Public 25.7% Private
’ 74.3%
Years of practice <10 >10 >20 >30 > 40
carsofp 30.4% 33% 16.8% 15.1% 4.6%
Post-graduate o o PhD Prim.
level None 60.8% | Spec. 29.8% 8.3% 1.1%
Field of dentistr General Oral surgery | Prosthetics | Conservative | Orthodontics | Periodontology | Maxillary Pediatric
ieldotdentistry | 20.79% 6.3% 5.5% 7.7% 6.8% 1.8% surgery 1.3% | dentistry 0%
Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):640-645 www.srpskiarhiv.rs
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had had post-COVID consequences. They emphasized
cardiologic issues as dominant consequences in 39.2%,
fatigue was present in 27.8%, multi-system consequences
were dominant for 21.9%, and respiratory illnesses in 11%.

Nearly one third of the dental offices in Serbia that
participated in this query 31.3% had attended to foreign
citizens 84.4% of dentists asked for green certificate or
negative test.

The part of the questionnaire referring to “Professional
epidemiological experience” gave us an insight into the
pandemic influence on dental offices’ business, modified
protocols and risk assessment.

According to the participants, an average number of
monthly patients in a dental office before the pandemic
was 50-100. During the pandemic, this number decreased
to an average of less than 50 patients per month. Also, dur-
ing the pandemic, 64.6% dentists had to close their dental
offices temporarily, and 51.9% shortened their working
hours. Majority 89.7% of the participants noticed a de-
crease in the patients’ visits’ frequency, and 81.6% said the
pandemic had decreased their amount of work. The prices
did not change in 67.9% of dental offices. When asked if
they had felt safe while working in dental offices, 50.9%
of the dentists stated that they had felt endangered at their
workplace, and 68.6% were afraid of exposing their families
to infection. In general, 77.7% reported that the patients
had asked them more for dental advices by phone. When
asked about the following the updates on the epidemio-
logical situation, 65.3% of the dentists reported that they
had followed new scientific information of the pandemic
regularly, 26.4% followed them from time to time and 8.4%
did not follow them at all.

As far as the risk at the workplace is concerned, 64.6% of
the participants evaluated their dental office as high-risk.
Over 96.5% increased their level of personal protection.
The protective equipment included mask (99.3%), gloves
(98.9%), and face shield visor (85.1%), as indispensable,
while protective goggles (58%) and disposable paper suits
(48.1%) were less in use. The majority of the participants
used epidemiological masks KN95 (73.2%), followed by
surgical masks (42.7%), cotton masks (7.5%), while 21.9%
combined two masks at once.

The recommendations of the Ministry of Health and
the Serbian Dental Chamber were followed by 83.2% of
the dentists. A majority (66.2%) of the dentists stated that
they had avoided the use of the instruments that generate
aerosols, such as turbine and cavitron, and 38.2% said they
had rinsed the patients’ mouths with hydrogen peroxide
and povidone-iodine solution in order to prevent the infec-
tion spreading. However, 97.1% disinfected the workplace
between the patients, 85.5% changed the protocols in their
offices, 89% had longer intervals between the patients,
90.1% received the patients by the level of urgency, and
60.1% tried to do the treatments in fewer sessions.

We report on the dentists’ personal experience dur-
ing the pandemic. The dentists in Serbia got immunized
against COVID-19 in 76.4% of the cases (which leaves
23.6% of non-immunized dentists). A majority of them
(67.6%) have received three doses so far, and 28.8% have
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received only two doses, while the fourth dose has been
received only by 2.9%. When it comes to the most ap-
plied vaccine among the participants, Pfizer with 46.6%
and Sinopharm with 33.5% were the brands that instilled
most confidence among the dentists. On the other hand,
Sputnik (7.2%), Astra Zeneca (1.1%), and Moderna (0.4%)
were not so popular among the dentists. The combina-
tion of two or more vaccines was received by 10.8% of the
dentists (Table 3).

Table 3. Immunization parameters

Immunization parameters
Immunized 76.4%
Non-immunized 23.6%
Number of doses | 1=0.3% | 2=28.8% | 3=67.6% |4=2.9%|5=0.3%
Pfizer 46.6%
Sinopharm 33.5%
Sputnik 7.2%
Moderna 0.4%
Astra Zeneca 1.1%
Sinovac 0.4%
Johnson & Johnson 0%
Combination 10.8%

The data on the immunization was cross-referenced
with the major cities and regions in Serbia and with the ed-
ucation level. We concluded that the dentists in Belgrade,
with 77.8%, and in the major cities like Novi Sad, with
73.7%, and Kragujevac, with 81.8%, were the most immu-
nized; however, Nis is one of the major cities with slightly
lower immunization rate (66.7%). When it comes to the re-
gional distribution, greater Belgrade region and Vojvodina
had the highest immunization rates, 72.7% and 86.9%, re-
spectively, while Kosovo and Metohija region was among
the least immunized parts of the country with 33.3%. In
relation to the post-graduate level, the immunization was
mostly conducted among the dentists with a higher level of
education, PhD and specialists were immunized in the per-
centage of 84.2% and 82.4%, respectively. However, 80% of
primarius doctors were immunized, while general dentists
were slightly less immunized (72.3%) (Table 4, Figure 1).

Table 4. Regional distribution of dental healthcare workers immu-
nization

City/region Percentage of immunized dentists
Belgrade 77.8%
Novi Sad 73.7%
Nis 66.7%
Kragujevac 81.8%
Belgrade region 72.7%
Vojvodina 86.9%
Western Serbia 69.7%
Eastern Serbia 75%
Southern Serbia 75.8%
Central Serbia 75.5%
Kosovo and Metohija 33.3%

When it comes to the COVID testing, 82.9% of the den-
tists were tested, of which 21.8% were tested only once,

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):640-645
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Percentage of immunized dentists

M Belgrade 77.8%
m Novi Sad 73.7%
m Ni$ 66.7%

W Kragujevac 81.8%
m Vojvodina 86.9%

W Eastern Serbia 75%

Central Serbia 75.5%

M Belgrade region 72.7%

M Western Serbia 69.7%

Southern Serbia 75.8%

m Kosovo and Metohija 33.3%

Figure 1. Percentage of immunized dentists

27.7% twice, and 22.8% three times. Only 4.3% were tested
10 times. However, when it comes to the contraction of the
disease, 68.6% of dentists contracted COVID, of which
67.7% were infected only once, 24.9% twice, and only 6.7%
were COVID positive three times (Tables 5 and 6).

As far as the clinical picture is concerned, half (50.9%)
reported mild symptoms, while 42.5% had moderate, and
6.6% had severe symptoms. Post-COVID consequences
were present in 26.4%, of which 44.3% had mild, 47.4%
had moderate, and 8.2% had severe consequences. Among
the dentists who participated reported on post-COVID
symptoms such as fatigue 28.3% as one of the dominant
manifestations, 29.3% had cardiologic, 12% respiratory,
and 30.4% had multi-system issues (Table 6).

Finally, when asked about the professional risk level, the
participants estimated the health risk in dentistry as: high
(41.9%), moderate (32.1%), and low (26%).

DISCUSSION

The global COVID-19 pandemic influenced all spheres of
healthcare [10]. To what extent it had affected dentists and
their practice in Serbia was a logical question that needed
to be answered, in order to help the professionals better
face the future epidemiological threats.

In order to help the professionals face the future similar
situations and draw conclusions from this pandemic, we
designed this prospective consultative study based on the
anonymous structured questionnaire. The response of the
dentists was satisfactory, women were more involved in
this study since they made nearly two thirds of the partici-
pants (65.6%). The age of the participants varied from 26
to 81 with the majority aged 39-40 years old. This means
that a wide span of dentists was interested in this topic and
that professionally most active individuals were among the
ones that engaged the most in this study. A majority of the
participants belong to private sector general dentists, so
we assume that, as a majority of dentists in Serbia work
in private sector, a majority of them are general dentists,
however they were most exposed to the pandemic and had
to modify protocols on their own based on their business
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Table 5. Screening for COVID-19
Screening
Tested 82.9%
Non-tested 17.1%
Tested 1 21.8%
Tested 2 27.7%
Tested 3 22.8%
Tested 4 6.2%
Tested 5 9.4%
Tested 10 4.3%
Tested > 10 1.6%

Table 6. Epidemiological parameters
Epidemiological parameters
Had COVID 68.6%
Did not have COVID 31.4%
COVID positive once 67.7%
COVID positive twice 24.9%
COVID positive three times 6.7%
COVID positive four times 0.6%
Mild symptoms 50.9%
Moderate symptoms 42.5%
Severe symptoms 6.6%
Post-COVID consequences 26.4%
No consequences 73.6%
Mild consequences 44.3%
Moderate consequences 47.4%
Severe consequences 8.2%
Fatigue 28.3%
Cardiologic 29.3%
Respiratory 12%
Multi-system 30.4%

strategy. They were the ones who felt the influence of the
pandemic in all aspects. Some of them had to temporarily
close their dental offices or at least to shorten their working
hours. That is just one of the reasons that affected their
socio-economical aspects. A majority of them noticed a
decrease in the patients’ visits, the amount of work and the
average number of patients per month, however many of
them did not change prices. Many of them made longer
intervals between the patients, so they could not treat as
many patients daily as usual. The result of taking all this
into account was a lower income of the private dental sec-
tor. Nevertheless, their expenses increased, having in mind
the increase of prices of the dental materials, protective
equipment and sanitary materials.

The pandemic found many health professionals all
over the world unprepared, nevertheless the majority of
the dentists in our country were resourceful [11]. They tri-
aged the patients, had a questionnaire about the pandemic,
asked if their patients had been immunized, they often
asked for the immunization certificate and some of them
even refused to treat non-immunized patients. Nearly half
of the dentists measured the patients’ temperature, asked if
they had flu-like symptoms and postponed the interven-
tion if they had. Some asked for a negative COVID test.
This suggests that a significant percentage of the dentists
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took all the precautions to work in a COVID-free environ-
ment, to protect their patients and themselves.

Some of the questions asked by the dentists regarded
the patients’ health at the time. More than a half of the
dentists stated that their patients had had post-COVID
consequences. A majority of them listed cardiovascular
problems, fatigue, multi-system consequences, respiratory
issues. This was of great importance because the dentists
had to modify the therapy and the treatment in order not
to compromise the patients’ already impaired health [12].

The dentists mostly followed the instructions of the
Ministry of Health and the Serbian Dental Chamber.
They scheduled the patients with longer intervals between
them, received the patients by the level of urgency, and also
rinsed the patients’ mouths with hydrogen-peroxide and
povidone-iodine solution prior to the intervention, in or-
der to lower the probability of generating contagious aero-
sols; many of them avoided using Cavitron and turbine or
other instruments that generate aerosols, and disinfected
their workplace between the patients.

Most of the dentists were aware of the threat and they
increased the level of personal protection. They stated that
they had felt endangered at their workplace and evalu-
ated their offices as high-risk, a majority of them used
personal protection equipment such as masks, gloves,
and face shield visors, and some of them used protective
goggles and disposable paper suits. Most of them used epi-
demiological KN95 masks, surgical, and cotton masks, and
some even used a combination of two masks at once. They
followed the new scientific data and tried to be informed
about the situation at the time. On top of that, they were
afraid of exposing their families to the infection. This
suggests that dental professionals did most of what was
available to protect themselves and the patients, still not
knowing entirely in what ways the disease was transmitted.
Subsequently, they tried to protect their families by not
exposing themselves to the infection by lowering the risk
level in the dental offices [12, 13].

Since the immunization is one of the pillars of the mod-
ern medicine, one of the main questions was what percent-
age of dentists in Serbia was immunized. In spite of strong
anti-vaccine propaganda, we saw that this percentage was
relatively high, but also that it could be much higher: 76.4%
immunized, 23.6% non-immunized. By cross-referencing
the data, we concluded that the immunized dentists were
more committed to the protection of their patients, fol-
lowed the preventive instructions and made a safer envi-
ronment for the patients and themselves. A majority of the
dentists were immunized with three doses received, nearly
one-third received only two doses, and just a small percent-
age received the fourth dose (Table 3). This indicates that

DOI: https://doi.org/10.2298/SARH230703090I
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a majority of the dentists were cautious in the beginning
of the vaccination in Serbia, many of them contracted in-
fection in the meantime (before or after the vaccination)
and did not find it necessary to continue the immuniza-
tion process. Since the immunity to the infection lasts for
a limited period of time, a continuous immunization is
necessary and the dentists in Serbia should be encouraged
via the positive propaganda towards the vaccination. Pfizer
and Sinopharm were the brands that instilled confidence
in most participants. Other brands did not arouse that
much interest among dentists. The interest in certain vac-
cine brands depended also on their availability, so there are
dentists who received a combination of two or more vac-
cines. In addition, the dentists who were immunized were
the ones in big cities, more prosperous regions, and with
a higher level of education. This suggests that the dentist
in the capital and the major cities were the ones who were
more informed of the pandemic risks and the immuniza-
tion benefits in this particular situation, however the den-
tists with a higher level of education had an easier access
to the scientific information and had a better knowledge of
how to protect themselves and their patients.

Most of the dentists in our study were tested for
COVID-19 up to three times, however there was a small
percentage of those who had been tested up to 10 times.
A majority of the dentists who were positive had COVID
up to three times, and they stated that their symptoms
had been mild to moderate, and some of them had se-
vere symptoms. However, mild to moderate post-COVID
consequences were often reported, and some had severe
consequences. Cardiologic consequences were dominant,
and multi-system issues, fatigue and respiratory symptoms,
were often noted (Tables 5 and 6). This indicates that
COVID-19 is a disease which can be professionally limit-
ing, leaving the consequences that can be hardly treated.
The pandemic influenced dentists in such way that many
of them could not work for some period of time even after
the recovery from the disease because of the long-lasting
post-COVID consequences. Some dentists have not been
tully functional professionally to this day [14].

CONCLUSION

The COVID-19 pandemic had a large influence on the
dental practice in Serbia. Many dentists had to overcome
the professional, economic and personal limits. The im-
munization made all the difference in the dental practice

and created a safer environment for dentists and patients.
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YTuuaj naHgemmje kosmaa 19 Ha cTomaTonoLwKy npakcy y Cpbuju — npocnekTUBHA

cTyAuja

Ounun NBatbaLy, Butommp KoHctaHTHOBMA, BusbaHa Munnunh
YHusep3utet y beorpagy, CromatonoLuku ¢pakyntet, beorpag, Cpbuja

CAXETAK

Yeoa/Uwmb MaHgemuja koraa 19 nmana je Benvky ytuuaj Ha
cBe cdepe cTomaTosoLLKe npakce. CTOMaTonosu Cy Hajyrpoxe-
HuWja KaTeropuja, 36or nprpoge ceor nocna. Cryauje cnposege-
He LWMPOM CBeTa NoKasale Cy HW3 nocseaunLa y CToMatosnormjm
Koje YK/byuyjy 3aTBaparbe OpAnHaLmja, orpaHuyeH Npuctyn
CTOMATOJOLIKMM yCrlyrama, NpoMeHe Yy LieHaMa, pagHOM Bpe-
MEHY 1 JOCTYMHOCTV 3aLUTUTHE ornpeme, noBehaH HUBO aHKCMO-
3HOCTU, MPOMEHE Y NPOTOKOJIMA 1 CTPax 0cobsba of 3apase
Ha nocny.

Linb oBe npocneKkT1BHe oncepBaLMoHe aHKeTe 6110 je Aa ce ny-
TeM aHOHVIMHOT YMUTHWKa NPOLieHe yTuLaj NaHAeMuje KoBraa
19 Ha cTomaTonowKy npakcy y Cpbuju 1 n3a3osu 1 nocneguLe
Ca KojrMa ce CTOMaTo/1031 CyoYaBajy Of NoyeTKa naHgemuje.

Metope KopuwheH je BULIECNOjHN YNIUTHUK, KOjU je MOAebeH
y ueTpu cekumje: 1. gemorpadcku nogauy; 2. npodecroHanHo

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):640-645

WNCKYCTBO Y CTOMAaTOJIOLLKOj OpAMHaLUmju; 3. enaeMNonoLLKo
npodecnoHanHo NCKYCTBO; 4. INYHO NCKYCTBO TOKOM MaHfe-
Mmuje.

Pesyntatu YuectBoBano je 459 unaHosa CTOMaTOJOLLKE KOMO-
pe Cpbuje. buno je 34,4% myLikapaua 1 65,6% »xeHa, y3pacTta
26-81 roguHe, of yera je 76,4% BaKLMHNCAHO NPOTMB KOBMAA
19. MpodecroHanHo, eNMaeMnoNoLLKO 1 INYHO NCKYCTBO MOKa-
3a/10 je BUCOK CTeMeH NpeBeHTUBHUX Mepa 1 NpeBasunaxKera
npodecrioHanHyX orpaHnyetba y by CMatbetba BepoBaTHohe
3apase 1 Wwupetba 6onectu.

3akspyuyak [laHgemuja KoBmaa 19 nmana je BennKkm yTuuaj Ha
cTomaTonoLKy npakcy y Cpbuju. MHorm ctomatonosm mopanu
cy fa npeBasuhy npodecnmoHanHa, EKOHOMCKA 1 JIMYHA Orpa-
Huyema. IMyHu3auyja je HanpaBuna pasnvky u cteopuna be-
36efiHMje OKpYKerbe 3a CTOMaTosore 1 NaLujeHTe.

KrbyuHe peun: nangemuja; koBug 19; cTomatonoLuKa npakca

www.srpskiarhiv.rs



DOI: https://doi.org/10.2298/SARH231206102M

UDC: 615.38(497.11)"2020/2021"; 616.89-008.441(497.11)"2020/2021"

ORIGINAL ARTICLE / OPUTUHAJIHN PA[]

Assessment of blood transfusion use during hospital
treatment of COVID-19 patients — a single center
experience
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SUMMARY

Introduction/Objective There is very limited data regarding the need for transfusion and its effect on
the overall mortality of patients with coronavirus disease 2019 (COVID-19). The aim of our study is to
determine the need for blood component transfusion in patents treated for COVID-19 infection.
Methods This retrospective observational study included 4426 COVID-19-positive patients treated at
the Bezanijska Kosa University Hospital Medical Center between June 23,2020 and May 2, 2021. Of these
patients, 826 were treated in the intensive care units of the hospital. Of the total number of patients, 326
(7.4%) received transfusions. The clinical presentation, the structure of the applied transfusion therapy,
the laboratory parameters, and the treatment outcome were analyzed in this study.

Results Of the 828 patients treated in the intensive care units, 151 (18.2%) patients required transfusion,
while transfusion was necessary in a total of 4.9% of patients treated in the hospital wards. Of the total
number of all transfused patients, 86% received erythrocytes, one-third of them received fresh frozen
plasma, 10% received cryoprecipitate, while platelets were administered in around 6% of the patients.
The mortality rate in the tested group was 46%.

Conclusion The frequency of the application of blood components was significantly higher in patients
with a severe form of the disease. The presence of comorbidities did not affect the need for transfusion
therapy. In the group of patients treated in the intensive care units, 85% received erythrocytes, 39%
received fresh frozen plasma, 19% received cryoprecipitate and 7% received platelets.

Keywords: transfusion; blood components; COVID-19
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INTRODUCTION

Severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) is a highly contagious and
pathogenic coronavirus which emerged in late
2019, causing the pandemic of the acute respi-
ratory disease — COVID-19 [1]. This disease
caused the greatest global health crisis since the
influenza pandemic of 1918 and led to the death
of more than 6.5 million people worldwide [2].

COVID-19 is a respiratory and vascular dis-
ease which also significantly affects the hema-
tological system and the hemostatic system. It
is associated with hypercoagulability, which is
directly induced by virally mediated damage
or injury to the vascular endothelium, which
is caused by cytokines [3].

Clinical presentation varies — from asymp-
tomatic forms of the disease to respiratory in-
sufficiency, which requires mechanical ventila-
tion. Between 17.9% and 33.3% of patients have
the asymptomatic form of the disease [4, 5].

In patients with the severe form of
COVID-19, acute respiratory distress syndrome
may develop, usually a week after the onset of
symptoms [6]. Approximately 23% of patients
develop the severe form of the disease with a
mortality rate of around 6% of COVID-19 pa-
tients [7].

There is little data on the need for transfu-
sion and its influence on the overall mortality
of patients with COVID-19. Several publica-
tions have shown that, in total, 6.2-13.4% of all
patients with the COVID-19 infection require
transfusion support [8, 9, 10].

According to the data from the few studies
available, the application of blood products is
low in mild to moderately severe forms of the
disease, and higher in patients with severe clini-
cal presentation [11, 12]. Of the total number
of all the components administered, 83% are
erythrocytes [12].

The aim of this study is to present the need
for transfusion of blood components in our pa-
tients treated for COVID-19, the clinical char-
acteristics of these patients, the composition of
the transfusion therapy administered, as well as
the treatment outcome.

METHODS

The research was carried out as a retrospec-
tive observational study, which included 4426
COVID-19-positive patients, treated at the
Bezanijska Kosa University Hospital Medical
Center, in the period between June 23, 2020 and
May 2, 2021, of whom 826 were treated in the
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intensive care units of the hospital. In the observational
period, the hospital was exclusively designated for treating
COVID-19 patients.

Of the total number of patients, 326 (7.4%) received
transfusions. The patients who received transfusions
were divided into two groups. The first group included
155 patients treated in the hospital intensive care units,
while the second group included 147 subjects treated
in the wards of the Bezanijska Kosa University Hospital
Medical Center. The main criteria for ICU admission
were radiographic or CT scan severity score progression,
peripheral oxygen saturation (SpO,) below 93% despite
maximal conventional supportive oxygen therapy, labora-
tory test results, and arterial blood gas test. The study in-
clusion criteria were as follows: all patients with a verified
diagnosis of COVID-19 (confirmed by a PCR test in real
time), patients above the age of 18 years who met the cri-
teria of disease severity for the third stage or higher (ac-
cording to the National COVID-19 Guidelines) [13], and
who required blood component transfusion. Criteria for
the exclusion of patients from the study were incomplete
data and patients transferred to other medical facilities.

In relation to the treatment outcome, data for 326 pa-
tients were stratified as deceased and survivors. Survivors
were subjects dismissed from hospital. For all patients, data
was collected from the electronic medical histories — the
Heliant information system and the transfusion services
operating protocol.

Data related to basic patient demographic characteris-
tics (sex, age, comorbidities, therapy), laboratory parame-
ters (hematological parameters: red blood cell count, white
blood cell count, platelet count, hemoglobin levels, hema-
tocrit, mean corpuscular volume, hemostatic parameters
[prothrombin time (PT), activated partial thromboplastin
time (aPTT), fibrinogen, D-dimer], biochemical param-
eters [C- reactive protein (CRP), urea, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
bilirubin, lactate dehydrogenase (LDH), ferritin], as well
as data on oxygen support, were analyzed. All the data on
administered transfusion therapy are related to the type
and number of received blood component units; they were
taken from the transfusion services protocol and relate to
the application of concentrated erythrocytes and platelets,
fresh frozen plasma (FFP), cryoprecipitate, and convales-
cent plasma.

Statistical analysis

The absolute and relative numbers, in percentages, were
used for describing categorical data. Numerical data were
described as the arithmetic mean with standard deviation
or as the median with range, depending on data distribu-
tion. Normality of distribution was tested with mathemati-
cal and graphical methods. Two independent groups of
subjects (patients with the COVID-19 infection treated in
the intensive care units and patients with the COVID-19
infection treated in the hospital wards) were compared in
relation to categorical and numerical variables. The dif-
ference in the distribution of categories of nominal data
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was determined by the y* test. For testing the difference in
the value of numerical data, Student’s t-test or the Mann-
Whitney U test were used, depending on the normality of
distribution. All statistical methods were considered statis-
tically significant at the significance level of 0.05. Analysis
was performed using the IBM SPSS Statistics, Version 21.0
(IBM Corp., Armonk, NY, USA).

The study was approved by the Ethics Committee of
the Bezanijska Kosa University Hospital Medical Center,
Belgrade, Serbia (5425/1/).

RESULTS

The clinical characteristics of all patients who received
transfusion therapy during hospitalization, the needs for
transfusion therapy, and the treatment outcomes are pre-
sented in Table 1. Of the total number of all the transfused
patients, 86% received erythrocytes, one-third of them re-
ceived fresh frozen plasma, 10% received cryoprecipitate,
while platelets were administered in around 6% of the
patients. The mortality rate in the tested group was 46%.

Table 1. Characteristics of all patients who received a transfusion dur-
ing their hospitalization due to COVID-19

Characteristic Description
Age (years), X + sd 69.80 + 13.85
Sex (male vs. female), n (%) 172 (52.8) vs. 154 (47.2)
Comorbidity (yes), n (%) 315 (96.6)
Cardiovascular diseases (yes), n (%) 254 (77.9)
Diabetes mellitus (yes), n (%) 108 (33.1)
Pulmonary diseases (yes), n (%) 19 (5.8)
Kidney disease (yes), n (%) 44 (13.5)
gaesst;"(:r;;gstmal and/or liver diseases 47 (14.4)
Thyroid disease (yes), n (%) 20 (6.1)
Malignancies (yes), n (%) 73 (22.4)
Other comorbidities (yes), n (%) 27 (8.3)
Number of comorbidities, med (min-max) 2 (0-5)

Severity of clinical presentation
(mild illness vs. severe illness), n %

Oxygen support, n (%)

175 (53.7) vs. 151 (46.3)

Without 24 (7.4)
Intubation 148 (45.4)
Noninvasive ventilation 13 (4)
Oxygen therapy 141 (43.3)
Transfusion support, n (%) 326(7.4)
Erythrocytes 279 (85.6)
Platelets 21 (6.4)
Fresh frozen plasma 95 (29.1)
Cryoprecipitate 33(10.1)
Anti-COVID plasma 3(0.9)
Length of hospital treatment (days), 18 (2-102)

med (min-max)

Treatment outcome (discharged

vs. lethal outcome), n (%) 175(53.7) vs. 151 (46.3)

The clinical characteristics of the patients who received
blood transfusion during their treatment in the intensive
care units or the hospital wards are presented in Table 2.

www.srpskiarhiv.rs ‘
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Table 2. Comorbidities in COVID-19 patients who received a transfusion treated in the

hospital intensive care units and wards

Milutinovi¢ V. et al.

of transfusion therapy. Patients treated in the

intensive care units had significantly lower red

Parameter Imi”ii‘ﬁgare Hossifa: E\:\gards p* blood cell counts (p = 0.024) and platelet counts
Age (years), X + sd 70.15+15.44 69.50+1234 | 0674 (p =0.002), and significantly highe,r white b,IOOd
Sex (male vs. female), n (%) 105 (60) vs. 70 (40) | 67 (44)vs. 84 (56) | 0.005 | Cell counts (p =0.013). Values of international
Comorbidity (yes), n (%) 172 (98.3) 143 (94.7) 0074 | normalized ratio (INR) (p < 0.001), aPTT
Cardiovascular diseases (yes),n (%) | 144 (82.3) 110 (72.8) 0.041 (p <0.001), and D-dimer (p < 0.001) were sig-
Diabetes mellitus (yes), n (%) 60 (34.3) 48(31.8) 0.633 nificantly higher in COVID-19 patients treated
Pulmonary diseases (yes), n (%) 9(5.1) 10(6.6) 0570 in the intensive care units, while the level of fi-
Kidney disease (yes), n (%) 26 (14.9) 18(11.9) 0439 | brinogen (Ph= O-Oﬁ) W?S higiler in COVIDXE
i testi ; patients with a milder clinical presentation.
Sii,setggrs]t(isetslﬂ ?g)j/or et 220126) 250166) 0-307 the tested biochemical parameters of liver func-
Thyroid disease (yes), n (%) 11(6.3) 9(6) 0.903 tion (direct bilirubin, p = 0.001; total bilirubin,
Malignancies (yes), n (%) 31(17.7) 42(27.8) 0.029 p =0.009; AST, p < 0.001; ALT, p = 0.001; LDH,
Other comorbidities (yes), n (%) 14 (8) 13 (8.6) 0.842 p < 0.001; ferritin, p < 0.001), as well as the level
z\lnt:in;; 2)f comorbidities, med 2(0-5) 2(0-5) 0712 of CRP (p < 0.001), were significantly elevated

*For the significance level of 0.05, according to the x? test

or the Mann-Whitney U test

Table 3. Hematological, hemostatic, and biochemical parameters prior to transfusion

in COVID-19 patients treated in the intensive
care units. Also, all evaluated parameters of
kidney function (urea, p = 0.001; creatinine,
p = 0.043) were significantly higher in the group

th . . . .
erapy . . of COVID-19 patients treated in the intensive
Parameters Intini'\;‘;;are Hosr?'ia: E\:v1ards care units, as compared to the patients treated
in the hospital wards.

Red blood cell count
(x 10'%/L) med (min-max) 26(1.2-6.6) 28(13-53) 0.024 Table 4 presents the composition of the ap-
White blood cell count 8.6 (0.05-175) 7.8(0.2-86) 0.013 plied transfusion therapy. In the group of pa-
(x 10%/L) med (min-max) tients who received blood transfusion during
Platelet count (x 10°/L) 168.0 (1-631) 2180 (13-843) | 0.002 their treatment in the intensive care units, 85%
med (min-max) ) ) . o .

. - received erythrocytes, 39% received fresh frozen
Hemoglobin (g/I) X £ sd 81.65+22.88 82.70 + 23.45 0.683 o . .. 0

— plasma, 19% received cryoprecipitate and 7% re-
Hematocrit X + sd 0.25 +0.07 0.26 +0.07 0.398 . L .
MOV = 5d 88,89 + 607 86,66 < 1032 0.021 ceived platelets. A significantly higher number
INR med (m_in—max) ; 2(0;_1‘0) 1' ; (;_1 1') <0.001 of red blood cell units was given to COVID-19
aPTT (s) med (min-max) 29.8(17.6-558) 254(0-230) | <0.001 Pat,len.tfs trealted in the lntertl)ﬁvefcérg\‘;?gs'l Also,
Fibrinogen (g/L) med (min-max) | 3.7 (0.4 - 9.4) 3.7(11-139) | 0.025 a signiticant Ygre}i‘te.r number of COVID-19 pa-
D-dimer (ng/mL) med (min-max) | 3,680 (203-35,200) | 2,000 (23-26,720) | <0.001 | tients treated in the intensive care units received
Direct bilirubin (umol/L) 43(12-169) 33(12-395) | 0.001 FFP, as compared to patients treated in the hos-

. 0 0 .
Total bilirubin (umol/L) 11.9 (2.5-183) 87(25-634) | 0.009 |  Pital wards (39% vs. 18%, p < 0.001). The admin-
AST (U/L) 43 (9-6500) 30,0 (7-481) <0.001 istration of cryoprecipitate was recorded only in
ALT (U/L) 30 (5-6484) 23 (5-309) 0.001 patients treated in the intensive care units.
LDH (U/L) 792 (222-14,397) 520.0 (193-3943) | < 0.001 Treatment duration in relation to transfusion
Ferritin (ug/L) 823 (36-4214) 461(5-9125 | <0.001 | therapy is presented in Table 5. The treatment
Urea of patients who required red blood cell transfu-
10.6 (2.1-39) 7.9 (0-80.9) 0.001 . . .

(mmol/L) sion during their treatment for COVID-19 lasted
Creatinine (umol/L) 116 (29-600) 99 (43-647) 0.043 signiﬁcanﬂy longer.
CRP (mg/L) med (min-max) 167.9 (11.9-571.4) 73.7 (1.8-408.1) <0.001

MCV - mean corpuscular volume; INR - international normalized ratio; aPTT - activated partial

thromboplastin time; AST — aspartate aminotransferase; ALT — alanine aminotransferase;

CRP - C-reactive protein; LDH - lactate dehydrogenase;
*for the significance level of 0.05, according to the Mann-Whitney U test

The distribution of the sexes was significantly different in
the two examined groups (p = 0.005), with the male sex
being more present amongst the patients in the intensive
care units. The presence of cardiovascular diseases was
significantly more common in COVID-19 patients with
more severe clinical presentation treated in the intensive
care units of the hospital (p = 0.041), while malignancies
were more common in patients treated in the hospital
wards (p = 0.029).

Table 3 presents the values of the hematological, hemo-
static, and biochemical parameters prior to the application

‘ DOI: https://doi.org/10.2298/SARH231206102M

DISCUSSION

This study shows that 7.4% of all patients who

were treated in hospital for COVID-19 required
the administration of transfusion therapy. Our results are
similar to the results published in previous studies, which
have shown that transfusion application in COVID-19
patients is not very high, and ranges 6.2-13.4% [1, 8, 9].
The most commonly applied blood component were eryth-
rocytes, which were indicated in 86% of the total number
of all transfused patients. Our results are similar to the
results from a previously published study by DeSimone
et al. [12], where red blood cells made up for 83% of the
total number of all administered blood components during

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):646-651



Assessment of blood transfusion use during hospital treatment of COVID-19 patients — a single center experience

Table 4. Composition and doses of administered blood transfusions

Parameters Intensive care Hospital wards p*
n=175 n=151

Number of patients who received erythrocytes, n (%) 148 (84.6) 131 (86.8) 0.576
Number of erythrocyte doses administered, med (min-max) 2(1-21) 2(1-11) 0.005
Number of patients who received platelets, n (%) 13(7.4) 8(5.3) 0.435
Number of platelet doses administered, med (min-max) 7 (4-13) 9(5-32) 0.227
Number of patients who received fresh frozen plasma, n (%) 68 (38.9) 27 (17.9) <0.001
Number of fresh frozen plasma doses administered, med (min-max) 3(1-23) 2(0-10) 0.096
Number of patients who received cryoprecipitate, n (%) 33(18.9) 0(0) <0.001
Number of cryoprecipitate doses administered, med (min-max) 9 (5-47) / NA
Number of patients who received anti-COVID plasma, n (%) 2(1.1) 1(0.7) 0.650
Number of anti-COVID plasma doses administered, med (min-max) 2(2-2) 2(2-2) 1.000

*For the significance level of 0.05, according to the x? test or the Mann-Whitney U test

Table 5. Treatment duration in relation to transfusion therapy in pa-
tients hospitalized due to COVID-19

Treatment duration (days),
Type of transfusion therapy med (min-max) p*
Yes No
Erythrocytes 18 (2-102) 15 (3-40) 0.009
Platelets 19 (7-42) 18 (2-102) | 0.868
Fresh frozen plasma 18 (2-73) 17 (2-102) 0.656
Cryoprecipitate 20 (4-65) 17 (2-102) 0.264
Anti-COVID plasma 20(19-30) | 18(2-102) | 0.384

*For the significance level of 0.05, according to the Mann-Whitney U test

hospitalization. Our study showed that significantly greater
number of red blood cell units was administered to pa-
tients treated in the intensive care units than to patients
with a milder clinical presentation, who were treated in the
hospital wards. A significantly greater number of patients
in intensive care received FFP, as compared to patients
treated in hospital wards (39% vs. 18%). Similar data can be
found in studies by several authors, which have shown that
the need for transfusion is significantly greater in patients
treated in intensive care [1, 8, 10, 12].

Data analysis shows that the application of cryoprecipi-
tate is indicated in 10%, while the application of concen-
trated platelets is indicated in 6% of all COVID-19 patients
who received transfusion therapy during hospitalization.
Anti-COVID plasma was given to three patients — two
patients treated in the intensive care units and one patient
treated in one of the hospital wards. The application of
transfusions of platelets, FFP, and cryoprecipitate is low in
COVID-19 patients who did not have major hemorrhage
episodes, which was also confirmed in a study by Doyle et
al. [14]. In our study, the percentage of transfused patients
treated in the intensive care units was 18.2%, while the
percentage of patients treated in the hospital wards who
required transfusions was 4.9%. In a study by Grandone
et al., the percentage of transfused patients in intensive
care was 41.9%, while the percentage of transfused patients
treated in the hospital wards was 10.3% [6], which is, in
fact, significantly higher than in our study.

The mortality rate registered in our study, in the ex-
amined group, was 46%. These data are similar to the
data from previous studies showing that mortality among
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COVID-19 patients who needed transfusions was between
34.8% and 45% [8]. According to the results of previously
published studies, a great variation of mortality prevalence
amongst COVID-19 patients admitted to hospital, which
ranged 5.8-30.7%, was registered [15, 16, 17].

Almost all of our subjects had at least one comorbidity.
Amongst these comorbidities, the most frequent ones were
cardiovascular diseases and diabetes mellitus, which is in
keeping with the data from previous studies [15, 18-22].
The presence of cardiovascular diseases was significantly
more frequent in COVID-19 patients with a more severe
clinical presentation who were treated in the intensive care
units, while malignancies were more present in patients
with a milder clinical presentation who were treated in
the hospital wards. The male sex was more present in in-
tensive care patients than in patients with a milder clinical
presentation treated in the hospital wards. The presence
of comorbidities did not affect the need for transfusion
support in patients with the COVID-19 infection.

Earlier studies have shown that both sexes have the
same susceptibility to the disease, but that men have the
tendency to develop a more severe form of COVID-19
and are more likely to have a lethal outcome [23, 24, 25].

Our study showed that patients with a more severe clini-
cal presentation treated in the hospital intensive care units
had significantly lower red blood cell counts and platelet
counts, and significantly higher white blood cell counts,
as compared to COVID-19 patients with a milder clini-
cal presentation treated in the hospital wards, which is in
keeping with earlier studies [26, 27, 28]. The platelet count
is significantly lower in patients with the more severe form
of COVID-19. In COVID-19 patients, a low platelet count
is connected with a higher risk of the severe form of disease
and of mortality [26].

Controlling the parameters of hemostasis may help in
determining the predictors of an unfavorable prognosis
in patients with the COVID-19 infection. Tang et al. [29]
reported that patients who had died of COVID-19 had sig-
nificantly higher levels of D-dimer, longer PT, and longer
aPTT, as compared to the surviving patients. The concen-
tration levels of D-dimer in the serum, in patients with
severe forms of COVID-19, were significantly higher than
in patients with the milder form of the disease [26, 29].

www.srpskiarhiv.rs ‘

649



650

Similarly to the data published in previous studies [26,
28], our study shows that patients with a more severe clini-
cal presentation of COVID-19 had significantly higher lev-
els of CRP, ferritin, LDH, AST, ALT, bilirubin, urea, and
creatinine, as compared to patients with a milder form of
the disease treated in the hospital wards.

The administration of FFP was in correlation with the
values of INR, aPT'T, bilirubin, urea, and ferritin. Patients
who received cryoprecipitate had significantly higher val-
ues of INR, aPTT, D-dimer, AST, ALT, LDH, and ferritin,
and significantly lower levels of fibrinogen, as compared
to patients who did not receive cryoprecipitate. In a study
by DeSimone et al. [12], high values of PT and aPTT were
significantly linked with the need for transfusion, which
was not the case with a low level of fibrinogen.

The average length of hospital treatment was 18 days, the
shortest hospital stay was two days, while the longest was
102 days. In previous studies, the average length of hospital
stay was between five and 29 days [30]. Our study showed
that the treatment of patients who required red blood cell
transfusion during their treatment for COVID-19 lasted
significantly longer. However, it should be pointed out that
these were patients with a more severe clinical presentation
of the disease, whose recovery lasted longer.

As to the study limitations, it should be pointed out that
this is a retrospective study and that certain parameters
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MpumeHa KOMNOHEHaTa KPBYU KoJ 60NeCHMKa lIeueHnX 04 KoBuaa 19 — Hawwa UCKYCTBa

Bojucnasa MunytuHosuh', MupjaHa KoBau??, borgaH LipHokpak'?, Mapuja 3gpaBkoBuh'2

'KnuHnuko-6onHnukn LeHTap , bexanujcka koca'’, beorpag, Cpbuja;
2YHneep3uTet y beorpaay, MegnunHcku pakyntet, beorpag, Cpbuja;
*MHcTuTyT 3a TPaHcdy3ujy Kpeu Cpbuje, beorpap, Cpbuja

CAMETAK

YBog/Lusm MNocTojy Beoma Mano nofgartaka o notpebu 3a
TpaHCdy31joM 11 FeHOM YTULajy Ha YKyrnaH MopTanuTeT 6onecHuKa
obonenux oa Kosuaa 19.

Linb Hawer nctpaxviBarba je aa ce yTBpan notpeba 3a TpaHchy-
31jOM KPBHUX KOMMOHeHaTa Koz 6onecH1Ka neyeHnx og kosuaa 19.
Metope PeTpocnekTnBHa oncepBaLoHa CTyamnja obyxsaTiia
je 4426 6onecHviKa NO3NTHBHUX Ha KOBWZ 19 Koju cy y nepriogy
of 23. jyHa 2020. go 2. maja 2021. rognHe neyeHun y KnmHnyko-
-60/THNUYKOM LieHTPY , BexaHmjcka Koca'’, of Kojux je 826 neueHo
y jeavHMLaMa nHTeH3vBHe Here. Of yKynHor 6poja 6onecHuKa,
326 (7,4%) 6bonecHuka npumMano je TpaHcoysmjy. AHanvmpaHu
Cy KNMHMYKa CNMKa, CTPYKTYpa NpUMeHbeHe TpaHCPy3MOooLLKe
Tepanuje 1 1abopaTopurjcKk1 MapaMeTPy 1 UCXOS Jleyekba.
Pesyntatu Opf 828 60necHMKa Koju Cy NIeYeHU Y jequHNLM
VHTEH3UBHe Here, 151 (18,2%) 6onecHIK 3axTeBao je TpaHCcdy3ujy,
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JOK je mpoLeHaT 60o1ecHVKa NeyeHrX Ha ofiesbetblMa Koju
Cy 3axTeBanu TpaHcdy3ujy 6ro 4,9%. Op yKynHor 6poja cBUX
TpaHchyHAoBaHUX 6onecHMKa, 86% je NpUMIIO epuTpoLUTE,
TpehriHa je npummna 3amp3HyTy cBexy nnasmy, 10% je npumuno
KpronpeumnumTaT, JOK Cy TPOMOOLUTY NpUMerbeHn Kog 6%
6onecHuka. YTBpheHa ctona mopTanuteTta y MCNUTUBAHO]j
rpynu je 46%.

3ak/byyak YyecTasocT NpuMeHe KpBHUX KOMMOHEHaTa je
6una 3HavajHo Beha Kog 6onecHrKa ca TeWwKnum 06anKom
6onectu. MpucycTso KOMopbuarTeTa HYje yTULANOo Ha NoTpedy
3 TPaHCPY3MONOLLKOM Tepanujom. Y rpyni 6onecHKa ca TELLKOM
KVHUYKOM CITMKOM NIeYeHVX Y jeAnHMLIaMa UHTeH3BHeE Here, 85%
6onecHKa NpyMINO je epuTpoLmTe, 39% NPVUMINO je 3aMpP3HYTY
cBexy nnasmy, 19% kpuonpeuunutat u 7% TpomoéouuTe.

KmbyuHe peun: TpaHcdy3uja; KOMNOHeHTe KpBu; KoBug 19

www.srpskiarhiv.rs

651



DOI: https://doi.org/10.2298/SARH221228095M

UDC: 615.46:616.314-7; 616.31-002-085

ORIGINAL ARTICLE / OPUTUHAJIHN PA[]

Effect of different demineralizing solutions and
different exposing times on artificial initial caries
lesion formation — an in vitro study
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Introduction/Objective Artificial enamel caries lesions are commonly created to simulate in vivo caries
development and to examine the effect of non-invasive and microinvasive approaches in treatment of
initial caries lesions.

The objective of the present study was to compare three different demineralizing solutions and expos-
ing times in terms of the formation of artificial white spot lesions and to evaluate their demineralization
effect through scanning electron microscopy observations.

Methods Twenty intact human premolars, extracted for orthodontic reasons, were thoroughly cleaned,
stored in 0.1% thymol solution at room temperature and cut at the cementoenamel junction before de-
mineralizing process. The specimens were randomly divided into three experimental groups, according
to the used demineralization agent and the time of exposure: Group | (acetic acid; pH = 4.4; 96 hours);
Group Il (lactic acid; pH = 4.5; 120 hours); Group lll (Lactic acid; pH = 4.3; 504 hours) and one control group
(saline). After demineralisation, macroscopic appearance was checked and all specimens were observed
under scanning electron microscope to evaluate the enamel characteristics and caries lesion depths.
Results In Group | and Il enamel subsurface porosity with dissolution of enamel crystals is detected and
the mean depths of white spot lesions were 48.55 um (SD = 1.11) and 43.23 um (SD = 6.74), respectively.
In Group Ill structural integrity of enamel surface was not preserved.

Conclusion Demineralizing solutions used in experimental groups | and Il resulted in artificial initial caries
lesions with satisfactory characteristics and similar appearance on scanning electron microscopy. The
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outcome of demineralizing process which lasted 504 hours were cavitated enamel lesions.
Keywords: enamel; demineralization; white spot lesions; scanning electron microscopy

INTRODUCTION

Dental caries, one of the most common oral
diseases worldwide, represents a major pub-
lic health concern, as confirmed by the latest
report on the Global Burden of Disease [1]. It
is estimated that 2.5 billion people suffer from
caries in permanent teeth, and more than 530
million children suffer from untreated caries in
deciduous dentition [1, 2, 3]. Initial caries le-
sions, also known as white spot lesions (WSLs),
are the earliest clinical signs of enamel caries.
Subsurface enamel demineralization increases
porosity and changes the optical characteristics
of enamel. Consequently, the initial caries le-
sion appears as an opaque white spot, visibly
different from the surrounding sound enamel
due to differences in the refractive indexes (RI)
[3, 4]. In the last decades, the prevalence of
WSLs has increased, and some authors consider
this increase a potential side effect of orthodon-
tic therapy with fixed orthodontic appliances
[5, 6]. If these lesions are not detected in the
initial phase and are not properly managed in

this reversible stage, they might progress into
irreversible cavitated lesions. Additionally,
WSLs might compromise the aesthetics of the
anterior teeth [7, 8]. Contemporary dentistry
established several non-invasive approaches in
treatment of initial caries lesions to arrest car-
ies lesions at an early stage and to improve its
remineralization [9, 10, 11]. Fluoride-based and
bioactive remineralizing agents such as casein
phosphopeptide — amorphous calcium phos-
phate and calcium silicate-based materials are
widely used [12-15]. As a modern, microin-
vasive approach, infiltration of the WSLs with
a low viscosity composite resin, commercially
available as ICON (DMG MORI, Hamburg,
Germany), has been developed [16].
Accessible clinical experience points towards
successful masking of whitish enamel discol-
oration in WSLs when treated with infiltra-
tive resin [17]. However, there is still need for
further examination of its impact on the other
features and its effectiveness (such as surface
roughness and enamel hardness, shear bond
strength, penetration depth) [5]. In vitro studies
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Figure 1. Before immersion
into solutions, the roots of
the teeth were separated at
the cementoenamel junction
with a low-speed diamond
saw under water cooling; to
perform the section, each
tooth was fixed to glass plate
using a sticky dental wax

with resin infiltration of artificial initial caries lesions are
a potential method to achieve this goal. There are numer-
ous demineralization protocols for artificial WSLs which
differ in the demineralization agents, the pH of the solu-
tions/gels and the required time of the exposure to the
demineralizing agent. They can contain lactic acid, acetic
acid, methyl diphosphonate, acidified hydroxietilcellulose
system, and in some of them fluoride might be added. The
recent systematic review and meta-analysis reported that a
duration of demineralization process, which simulated the
formation of WSLs, varied from several to 1200 hours. In
addition, pH of demineralizing solutions varied between
four and five [5].

Developing adequate artificial initial caries lesion is
needed to investigate the characteristics of different remin-
eralizing protocols. Therefore, the objective of the present
study was to compare the effect of three different demin-
eralizing solutions and exposure times on the formation
of artificial WSLs and evaluate their demineralizing effects
through scanning electron microscopy (SEM).

METHODS

The present study was conducted in the Clinic for
Pediatric and Preventive Dentistry and Department for
Biochemistry, School of Dental Medicine, University
of Belgrade and SEM evaluation was performed in the
Department for Physics and Mathematics, Faculty of
Agriculture, University of Belgrade.

The present work was approved by competent eth-
ics committee (Ethics Committee of School of Dental
Medicine, University of Belgrade, no 36/41) and conforms
to the legal standards.

Twenty caries-free permanent maxillary or mandibular,
first or second human premolars extracted upon orthodon-
tic indication were used for this study. The teeth were visu-
ally examined using LED light to ensure that there are no
enamel surface defects or microcracks.
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Figure 2. Preparation of the premolar crowns for the demineralizing process: a - pulp tissue was discharged;
b - dentin was etched with 37% orthophosphoric acid; c - after 15 seconds, it was thoroughly rinsed and
dried; d — an adhesive was applied on the dentin surface; e - polymerisation was performed; f - pulp chambers
were obturated with flowable composite; g - the middle area of buccal and oral surface of all crowns was
isolated using adhesive paper, sized 4 x 4 mm; h - the crowns were coated with an acid-resistant nail varnish

Specimen preparation

The selected teeth were cleaned with periodontal curettes
to remove any remaining soft tissue and with fluoride free
prophylactic paste (Cleanic, Kerr, Orange, CA, USA), ap-
plied by a brush mounted in a low-speed hand piece, un-
der water cooling. Subsequently, the teeth were washed in
distilled water and stored in 0.1% thymol solution at room
temperature until further use for no longer than 1 month.

Before demineralization process, roots were removed at
the cementoenamel junction with a low-speed diamond saw
(TIsomet, Buehler Ltd, Lake Bluff, IL, USA) under water cool-
ing (Figure 1). Pulp tissue was removed, and pulp chambers
of the premolar crowns were obturated with flowable com-
posite (Flow-It ALC, Pentron). The premolar crowns were
randomly divided into three experimental groups and one
control group (each group containing five teeth).

All crowns in experimental groups were coated with
an acid-resistant nail varnish (Essence, Cosnova GmbH,
Zulcbah, Germany), except for a middle area of buccal and
oral surfaces which were isolated using adhesive paper,
sized 4 x 4 mm (Figure 2). The adhesive papers were re-
moved after the nail varnish had dried completely at room
temperature. Each crown of the tooth gave two specimens
(buccal and oral half), stored in saline solution at room
temperature until SEM evaluation (Figure 3).

Figure 3. After demineralization, all premolar crowns
were sectioned into two halves (buccal and oral) with
a low-speed diamond saw under water cooling
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Artificial initial caries lesions

The specimens were randomly divided into three experi-
mental groups, according to the used demineralization

agent, and one control group (n = 10):

Group I - demineralizing solution I - acetic acid based;

pH = 4.4; for 96 hours [10, 18, 19];

Group II - demineralizing solution II - lactic acid

based; pH = 4.5; for 120 hours [20];

Group III - demineralizing solution III - lactic acid

based; pH = 4.3; 504 hours [21];

Group IV - control group (stored in saline solution at
room temperature until SEM evaluation).
The composition of each demineralizing solution, its

pH and exposure times are reported in Table 1.

Table 1. Characteristics of solutions used for demineralization

Features Group | Group Il Group Il
Composition | 2.2 mmol/L 12 mmol/L 18 mmol/L
calcium calcium calcium
chloride chloride chloride
2.2 mmol/L 10 mmol/L 7.8 mmol/L
monopotassium | monopotassium | monopotassium
phosphate phosphate phosphate
0.05 mmol/L 50 mmol/L 100 mmol/L
acetic acid lactic acid lactic acid
/ 100 mmol/L 3 mmol/L
sodium sodium azide
chloride
pH 44 45 43
Exposure 4 days /96 5days/ 120 21 days/
time hours hours 504 hours

Each specimen was immersed in 20 ml of appropriate
demineralizing solution in a sterile plastic container. The
pH of demineralizing solutions was checked every day with
a probe to maintain the initially defined values (Mi 150,
pH/Temperature Bench Meter, Martini instruments; Figure
4). If needed, it was adjusted with potassium hydroxide.
In Group I and Group III, specimens were stored at room
temperature [10, 18, 19] and in Group II they were stored
in 37°C incubator (Binder Gmbh Incubator, Tuttlingen,
Germany) [21].

Subsequent to the artificial demineralization, nail var-
nish was carefully removed with oil-free acetone from the
specimens, and they were thoroughly rinsed with distilled
water. All specimens were visually inspected and macro-
scopic appearance of enamel lesion was evaluated.

Scanning electron microscopy evaluation of
artificial white spot lesions

After completed demineralization procedure, all premolar
crowns were sectioned into two halves (buccal and oral)
with a low-speed diamond saw (Isomet, Buehler Ltd, Lake
Bluft, IL, USA) under water cooling (Figure 3). In order to
perform the section, each crown was fixed to glass plate
using sticky dental wax (Galeo, Galenika, Belgrade, Serbia).

From obtained buccal and oral premolar halves, sec-
tions were made through the artificially created WSLs in
experimental groups and from sound enamel in the control

‘ DOI: https://doi.org/10.2298/SARH221228095M
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Figure 4. The pH of the demineralizing solutions was evaluated daily
to maintain the initially defined values

Figure 5. The areas exposed to the demineralizing solution appeared
whitish-opaque on daily light at the end of the process

group. Each premolar half was sectioned in vestibulo-oral
direction, into 1-mm-thick slices with a low-speed dia-
mond saw (Isomet, Buehler Ltd, Lake Bluff, IL, USA) un-
der water cooling. Sections were made through the middle
area and two slices were obtained from each premolar half.
All slices were polished with silicon carbide paper (600,
800, 1000, 1200 grit paper) under water cooling, rinsed
with distilled water, dried and etched with phosphoric
acid gel (Gel Etchant, Kerr) for 30 seconds. After abun-
dant rinsing and drying, the specimens were dehydrated
in an ascending ethanol series (25%, 50%, 70%, 90%, 95%).
Drying was performed with oil free air spray. Specimens
were mounted on metallic stubs, gold-sputtered (Bal-Tec
SCD 005 Sputter Coater) and observed under a Scanning
Electron Microscope (JEOL-JSM-6460LV, Tokyo, Japan)
under different magnifications (40, 100, 700, 1000, 1500,
4000) to evaluate the characteristics of initial caries lesions
- demineralization depth and pattern.

RESULTS

In the first and the second experimental group, areas ex-
posed to the demineralizing solution appeared whitish-
opaque on daily light at the end of demineralization pro-
cess. In both groups, visual inspection of the specimens did
not reveal any localized breakdown of the enamel (Figure
5). On the other hand, in the third experimental group
the structural integrity of the enamel was not maintained.

Sound enamel in the control group (Group IV) on
cross-sectional SEM micrograph showed physiologi-
cal enamel rod appearance (Figure 6). The surface of
sound enamel might appear with occasional depressions,
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X700

20KV | 20pm

Figure 6. Scanning electron microscopy evaluation showed physi-
ological enamel rod appearance in the control group

Figure 7. In the experimental group | enamel subsurface porosity with
dissolution of enamel crystals was detected

representing prism ends termination at the surface. These
structures were usually located at the base of perikymata.
The present SEM evaluation showed relatively smooth
enamel without these morphological variations.

In Group I enamel subsurface porosity with dissolution
of enamel crystals was detected (Figure 7). It indicated
formation of caries-like subsurface lesion. The mean depth
of lesion was 48.55 um (SD = 1.11) (Figure 8). In Group
11, the mean depth of the lesion was 43.23 pm (SD = 6.74).
In Figure 9 similar enamel appearance as in the previous
group was found. The appearance of these caries-like le-
sions might be similar to the surface of sound enamel ex-
cept for surface depressions. Furthermore, in both groups
(Group I and Group II), small number of specimens on
microphotographs showed that some surface enamel areas
of the WSLs were eroded while surrounded enamel surface
was intact.

In the Group III structural integrity of enamel surface
was not preserved. Figure 10 presents surface erosion with
prismatic pattern of enamel surface dissolution. Also, this
lactic acid based demineralizing solution resulted in loss of
enamel prism cores with present porosities and preserved
enamel prism peripheries.
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Figure 8. The depth of formed initial caries lesions was evaluated through

scanning electron microscopy observations

20kV  X1,000 10pm 20kV  X1,000 10pm

Figure 9. In the experimental group Il caries-like subsurface lesions were ob-
tained; they had similar enamel appearance as in the first experimental group

X180 100um

x40~ 500pm [ 20kv

20KV X100 100pm 20V

Figure 10. In the experimental group Ill structural integrity of enamel surface
was not preserved; surface erosion with prismatic pattern of enamel surface

dissolution can be seen

DISCUSSION

Artificial enamel caries lesions are commonly created to
simulate in vivo caries development. Enamel specimens
are usually exposed to demineralizing solutions and gels
composed of acetic or lactic acid, undersaturated regard-
ing hydroxyapatite, to simulate the plaque fluid conditions
and allow the formation of initial enamel lesions [22, 23].

Freitas et al. [24] used methylcellulose gel. Its high vis-
cosity could compromise the diffusion rate of the acid,
resulting in a reduced demineralization and fewer pores.

Issa et al. [25] concluded that presence of fluoride in the
demineralizing process, especially when gel was used, sig-
nificantly reduced the lesion depth and mineral loss in per-
manent teeth. In addition, typical subsurface lesions could
be formed in the absence of fluoride. So, in the present study,
demineralizing solutions without fluoride were used.

Considering previously mentioned solutions and avail-
ability of solutions’ components, which is an important
contributing factor in selection of demineralization agents
[26], acetic and lactic acid-based protocols were selected
for the present study. pH values of the solutions used in
the study are also in accordance with a recently published
systematic review and meta-analysis suggesting that the
pH of demineralizing solutions should vary between four
and five [5].
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When it comes to duration of demineralizing process,
less consistent findings are present in literature. As pre-
viously mentioned, this period varies from few to 1.200
hours. In the present study, solution used in the first ex-
perimental group lasted 96 hours as reported in several in
vitro experiments [10, 18, 27]. Also, Behrouzi et al. [19]
used solution for the same time, but it was acidified hy-
droxietilcellulose system. Group II in the present study
had longer exposure time (120 hours).

On the other hand, in the third experimental group, it
was significantly longer (21 day / 504 hours), as this pro-
tocol was suggested by Prajapati et al. [21]. These authors
reported the mean depth of formed lesions of 341 pum. In
the present pilot study, initial caries lesion with subsurface
demineralization were not formed by this demineralizing
solution. On the contrary, it resulted in localized enamel
breakdowns with areas of prismatic pattern of dissolution.

The mean depth of artificial initial caries lesions ob-
tained in the present study was 48.55 um in the first group
and 43.23 um in the second group, which is not as deep as
reported in some in vitro studies [10, 21], although there
are similar findings in literature. Magalhées et al. [22] re-
ported mean depth of subsurface enamel lesions between
35 and 52 pm, except for methyl diphosphonate lesions
(86 um).

In the present experiment, WSLs were visually detect-
able on the wet specimens and some authors stated that
WSL was visible on a wet tooth surface when it had pen-
etrated deeper into the enamel surface [28]. They could
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YTUuaj pasnMunTux pacTeopa 3a AeMUHepann3aLmjy 1 BpemeHa usnaraka Ha
HaCTaHaK U KapaKTePUCTUKE NOYETHUX KapujecHUX nesuja rnehu — in vitro cryamja

Munena MunaHosuh', 3opaH ManguHuh', Jenena Jynocku', Maja umutpujesuh’, BurbaHa Munuunh?,
BurbaHa Anhencku-Paguuesuh’®, Bnagumunp Masnosuh*, Munoww benouua’

'YHuBep3utet y beorpapy, Cromatonoluku dakynteT, KnuHnka 3a fieyjy 1 npeBeHTBHY cTomatonorujy, beorpaa, Cpbuja;
2YHneepauTet y beorpagy, Cromatonowwku dakyntet, OJ NHCTUTYTCKI MPeaMETH, HacTaBHM NpeamMeT ViHdopmaTrika y cTomatonoruju,

Broctatnctrka, beorpag, Cpbuja;

3YHuBep3uTeT y beorpagy, CromatonoLuku Gakyntet, OJ MHCTUTYTCKM MPeAMETH, HacTaBHK npepmeT Buoxemuja, Beorpag, Cpbuja;
*YHneep3uTet y beorpaay, MomonprBpenHu dakyntet, Onerbak 3a Granky n matematuky, beorpag, Cpbuja

CAXETAK

YBopa/Llwm MNoueTHa kapujecHa nesuja rehu popmnpaxa y in
Vitro ycnoBrma ce YeCTo KOPUCTY 3a CMUTUBaHE edriKacHOCTU
pasnMunTX CpeAcTaBa 3a peM1UHepanvsaLmjy.

Linmb oBor nctpaxmsara 610 je NCnuTrBame yTuLaja Tpu pa-
311YMTa PacTBOPa 3a AeMUHepanu3aLujy 1 pasnmnymTor Bpe-
MeHa n3naratba Ha popmmpatrbe 6ennx Mpsba, Kao 1 npoLeHa
KapaKTepuCTrKa HacTanx MOYETHIX KapujecHUX Nie3uja rehm
nomohy ckeHnpajyher enekTpoHCKor MUKpOCKona.

Mertope Y oBoMm in vitro uctpaxmsary KopuiheHo je 20 npe-
MoJiapa XyMaHOr NMopeKa Koju Cy n3BaheHn 13 0pTOfOHTCKNX
pa3nora. HakoH fieTasbHor yKnatbaka ocTataka TKMBa, NoTo-
nsbeHu cy'y 0,1% pacTBop TviMona, Ha CO6HOj Temnepatypu. Mpe
npoLieca AeM1Hepanu3aLyje N3BPLUEHO je ofceLiatbe KopeHa y
HuBOY rnefhHouemMeHTHe rpaHuLle. MeTogom ciydajHor n3bopa
pa3BpCTaHu Cy y TpW eKCnepuMeHTasHe rpyre, y 3aBUCHOCTY
0f yNoTpebs/beHOT pacTBOpa 3a AeMUHepanu3aLujy 1 Bpeme-
Ha Y TOKY Kojer Cy 6unu n3noxeHu gejctay pacteopa: lpyna 1
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(cmpheTtHa KucenuHa; pH = 4,4; Tokom 96 catn); [pyna 2 (mneuy-
Ha KucenvHa; pH = 4,5; 120 catu); lpyna 3 (MneyHa KncenuHa;
pH=4,3; 504 caTa) 1 KOHTpOJHa rpyna (Gr3MosOLLKM pacTBOP).
Mpeceuw 3ppase rnehu y KOHTPONHOj rpynu 1 0COOMHE HacTa-
NUX KapujecHrx nesmja rmehy y ekcnepuMeHTanHum rpynama
nocMaTpaHu Cy Ha CKeHrpajyhem enekTpoHCKOM MUKPOCKOTTY.
Pesyntatu Y npBoj 1 ApYroj ekcnepuMeHTanHoj rpynn youeH
je HacTaHak MoyeTHWX KapujecHUx nesuja rnehu, ca noTnoBp-
LUMHCKIM 30Hama AeMUHepanu3aLimje 1 nosehaHe Nopo3HoCTy.
Y Tpehoj eKcreprMeHTanHoj rpynu Huje ouyBaH MHTErpUTET
nospLUMHe rnehu 1 AOLWO je A0 HacTaHKa KaBuTeTa.
3ak/byyak PacTBopy 3a femrHepanvsaLmjy ynotpebrbeHn
y NPBOj 1 APYroj eKCnepUMeHTaNHoj rpynu fanu cy noyeTHe
KapujecHe nesuje CANYHNX 0CobMHa, AOK je ncxog Tpeher pa-
cTBOpa 610 HacTaHak fedekarta rnehu.

KrbyuHe peun: rneh); aemnHepanusaumja; noyeTHe KapujecHe
nesuje rnehu; ckeHMpajyhv enekTpoHCKM MMKPOCKON
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SUMMARY

Introduction/Objective Active treatment options for localized prostate cancer (LPCa) include surgery
and radiotherapy with androgen deprivation therapy (ADT) in selected cases, but all options have side
effects, mainly addressed to urinary, sexual, and bowel function.

Our study aimed to assess and compare patient-reported outcome measures (PROMs) after open retro-
pubic radical prostatectomy (ORRP) or external beam radiotherapy (EBRT).

Methods Between June 2019 and May 2021, a total of 120 patients, with LPCa had undergone active
treatment, as follow: ORRP - 60 patients and EBRT - 60 patients. A validated questionnaire, the Expanded
Prostate Cancer Index Composite Short Form (EPIC-26) instrument was used to assess PROM, through
the following domains: urinary, sexual and bowel. Patients completed a questionnaire at baseline and
six, 12, and 24 months after primary treatment.

Results All urinary scores had statistically significant interaction between time and group. After six,
12, and 24 months, all urinary scores were statistically significantly lower in the ORRP group. After 12
and 24 months, bowel score values were statistically significantly lower in patients in the ERBT group.
Sexual scores change statistically significant during the follow-up period, without difference between
the groups (p < 0.05).

Conclusion Both ORRP and EBRT are associated with decline of sexual scores. ORRP showed significant
variations in all urinary scores, with more pronounced negative impact on urinary symptoms compared
to EBRT during the entire follow-up period. Bowel scores are lower in EBRT.
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INTRODUCTION

Prostate cancer represents the most common
noncutaneous malignancy in men [1]. Its an-
nual share accounts for 7.1 % of all cancers
detected, with rising trend nowadays [2, 3].
According to the latest epidemiological data
for the male population, in 2023, the most
common malignancies were prostate, lung and
colorectal cancers, which accounted for 48% of
all cases, while prostate cancer alone had shared
with 29% [4]. At the time of prostate cancer di-
agnosis, 77% of patients have localized disease
[5]. However, it was observed that since 2014, a
3% annual increase in the incidence of prostate
cancer has been associated with a 4.5% annual
increase in cases of higher grade, with locally
advanced or high-stage disease [6].
Nevertheless, prostate cancer screening and
other improvements in the diagnostic and ther-
apeutic procedure has led to sustained declin-
ing trend in annual prostate cancer mortality

rates, from 4% in 1994 to 0,6% nowadays [7].
Recent data demonstrated that five-year relative
survival rate of prostate cancer is 97%, and is
one of the highest among all malignancies [8].
Since the prostate cancer has a long natural his-
tory and is age-related, it has become evident
that non-cancer comorbidities in patients with
prostate cancer represent important danger,
causing 57% of all deaths [9, 10].

Active treatment options for localized
prostate cancer (LPCa) include surgery (radi-
cal prostatectomy) and radiotherapy [external
beam radiotherapy (EBRT), or brachytherapy]
with androgen deprivation therapy (ADT) in
selected cases, but all options have side effects,
mainly addressed to urinary, sexual, and bowel
function [11]. Despite the fact that cancer-free
survival is an essential measure of therapeutic
success, the patient’s perception of health-relat-
ed quality of life (HRQoL) represents important
issue [12]. Various patient-reported outcome
measures (PROMs) are used to assess side
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effects and symptoms, and to evaluate HRQoL [9]. Our
study aimed to assess and compare HRQoL in patients who
underwent open retropubic radical prostatectomy (ORRP)
or external beam radiotherapy (EBRT), using Expanded
Prostate Cancer Index Composite (EPIC) PROM.

METHODS

Between June 2019 and May 2021, a total of 120 patients,
with LPCa had undergone active treatment through the
following procedures:

1. Group ORRP - 60 patients, mean age 64 (48-73)

years, who underwent ORRP;

2. Group EBRT - 60 patients, mean age 71 (63-80)

years, who underwent EBRT.

All 120 patients were diagnosed with clinically LPCa,
through the following procedures: prostate-specific anti-
gen (PSA) testing, digital rectal examination of the pros-
tate, transrectal ultrasound-guided biopsy of the prostate,
histopathological examination of specimens, multislice
computerized abdomino-pelvic tomography and bone
scintigraphy.

Indications for ORRP were: PSA < 20 ng/ml, or Gleason
score < 7 (ISUP grade < 2/3), or clinical stage < T2b (for
low- and intermediate-risk PCa); PSA > 20 ng/ml, or
Gleason score > 7 (ISUP grade < 4/5), or clinical stage
< T2c (for high-risk PCa), ECOG performance status 0
or 1, aged < 70 years (except in selected cases with life
expectancy of > 10 years) [11]. Contraindications were
as follows: life expectancy < 10 years, medical history of
malignancies, end-stage renal disease, kidney transplanta-
tion and advanced cardiovascular or respiratory diseases.
Indications for EBRT included high-risk PCa, Gleason
score > 8 or PSA > 20 ng/mL, patient’s motivation, con-
traindications for ORRP, and advanced age.

After the histopathological confirmation of pros-
tate cancer, all patients were examined at the Council of
Urological Oncology, when the appropriate therapeutic
procedure was proposed. Upon acceptance of the proposal,
the patients received the Council’s decision and an in-
formed consent form. Treatment began 6-8 weeks after the
Council’s decision. We used the Walsh operative technique
in all patients in the ORRP group [13]. EBRT was delivered
at a dose of 74 Gy, in 37 fractions over six weeks, with
three-dimensional conformal radiation therapy (3D-CRT).

A validated questionnaire, the Expanded Prostate
Cancer Index Composite Short Form (EPIC-26) instru-
ment was used to assess PROM, through the following do-
mains: urinary, sexual, and bowel [14]. Patients completed
a questionnaire regularly before prostate biopsy and six,
12 and 24 months after primary treatment.

Statistical data processing was performed in the R soft-
ware package (R Core Team, R Foundation for Statistical
Computing, Vienna, Austria). Data are presented as arith-
metic mean and standard deviation. The comparison of
the values of the tested scores in the monitoring period
in relation to the groups was performed by ANOVA for
repeated measures. If a statistically significant time x group
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interaction was obtained, the t-test or Mann—Whitney test
was used to compare simple effects. The null hypothesis
was tested with a significance threshold of p < 0.05.

This work is conducted according to the Declaration of
Helsinki ethical principles, with guaranteed discretion of
personal data, and was approved by the Ethics Committee
of the Faculty of Medicine of the University of Ni$ (No.
12-8818-2/8).

RESULTS

According to the results of the t-test (Table 1) it is noticed
that there is a statistically significant difference in the age
between observed groups of patients (t-statistics = 2.421;
p-value = 0.017), in favor of EBRT group. Table 1 shows
mean age of patients in study groups.

Table 2 shows the values of urinary scores in relation
to the examined groups during the follow-up period. It
was found that for all investigated urinary scores there is a
statistically significant time x group interaction (p < 0.05).
Before treatment, all urinary scores differed between the
groups, except for incontinence and urinary irritative/
obstructive score (UIO). After six, 12, and 24 months, all
urinary scores were statistically significantly lower in the
ORRP group compared to ERBT (p < 0.05). Values of uri-
nary score in relation to the studied groups during the 24
month-follow-up are shown in Figure 1.

Table 3 shows the values of bowel scores in relation to
the examined groups during the follow-up period. It was
found that there is a statistically significant time x group
interaction for all examined bowel scores (p < 0.05).
Before treatment, bowel score values did not differ be-
tween groups (p = 0.422, p = 0.304, p = 0.528). Even after
six months, the values of bowel scores do not differ be-
tween the groups (p = 0.228, p = 0.136, p = 0.329). After
12 months, bowel score values were statistically signifi-
cantly lower in patients in the ERBT group compared to
the ORRP group (p = 0.014, p = 0.006 and p = 0.029).
After 24 months, bowel score values were statistically sig-
nificantly lower in patients in the ERBT group compared
to the ORRP group (p = 0.011, p = 0.003 and p = 0.029).
Values of bowel score in relation to the studied groups
during the 24 month-follow-up are shown in Figure 2.

The total sexual score, sexual function and sexual
bother change statistically significant during the follow-
up period (p < 0.001 for all) (Table 4). There is no statisti-
cally significant difference between the groups (p = 0.800,
p = 0.634, p = 0.856) and there is no significant interaction
time x group (p = 0.164, p = 0.312, p = 0.104). The move-
ment of the total scores in relation to the examined groups
in a period of 24 months is shown in Figure 3.

DISCUSSION
In the present study, we evaluated patients’ PROMs using
the EPIC-26 instrument, which has been most frequently

applied in clinical practice [9].
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Table 1. Independent samples t-test for equality of means

Basi¢ D. et al.

. Mean of group Mean of group . Std. Error ’ 95% confidence interval
Variable ORRP (N = 60) EBRT (N = 60) Difference Difference t df p-value Lower Uoes
Age 64 (48-73) 71 (63-80) 7.000 2.891 2421 118 0.017 1.2749 12.7251

ORRP - open retropubic radical prostatectomy; EBRT — external beam radiation therapy
Table 2. Urinary score values in relation to the examined groups in the follow-up period
Score Group Before treatment Six months 12 months 24 months p
ORRP group 78.27 +6.82 69.57 + 13.09 72.53+11.15 76.07 +12.05 <0.001"
Urinary summary <0.0012
ERBT group 82.76 £ 6.16 81.79 +7.83 81.41+874 85.54 +7.67 <0.0013
ORRP group 98.04 +4.29 78.4 +20.83 79.4+19.6 79.06 +19.78 <0.001
Urinary function <0.0012
ERBT group 95.71 £ 6.54 93.37 £11.09 93.71+11.13 93.71+11.13 <0.0013
ORRP group 64.15+ 10.42 63.26 +9.98 67.62 + 8.54 73.93 +8.51 <0.001"
Urinary bother 0.0022
ERBT group 73.51+7.87 73.51+7.87 72.62+9.61 79.7 +7.88 <0.0013
ORRP group 96.4 +9.02 62.27 +34.92 65.29 +32.29 65.91 +32.24 <0.001"
Incontinence <0.0012
ERBT group 95.26 = 10.31 92.34+16.22 90.99 + 18.46 92.03+17.8 <0.0013
1
Urinary irritative / | ORRP group 75.05+7.72 79.63+5.92 83.1+7.61 87.74+523 : 8.88}2
obstructive ERBT group 77.14 +5.63 77.14 +5.63 77.56 + 8.37 84.52 +6.92 0.008?
Repeated measures ANOVA, 'time effect, 2interaction time x group, *group effect;
ORRP - open retropubic radical prostatectomy; EBRT — external beam radiation therapy
Table 3. Bowel score values in relation to the examined groups in the follow-up period
Score Group Before treatment Six months 12 months 24 months p
ORRP group 95.18 + 14.59 95.18 + 14.59 95.18 + 14.59 95.18 + 14.59 0.003'
Bowel summary 0.0032
ERBT group 92.83 +17.24 91.28 +£20.17 85.83 + 25.07 85.48 + 24.94 0.052°
ORRP group 95.95 + 12.66 95.95 + 12.66 95.95 + 12.66 95.95 + 12.66 0.002!
Bowel function 0.0022
ERBT group 93.39 + 14.42 91.73+17.77 86.61+22.3 85.89 +22.06 0.0203
ORRP group 94.4+16.61 94.4+16.61 94.4+16.61 94.4+16.61 0.005'
Bowel bother 0.005
ERBT group 92.26 +20.29 90.83 +22.85 85.06 +28.13 85.06 +28.13 0.1013
Repeated measures ANOVA, 'time effect, 2interaction time x group, *group effect;
ORRP - open retropubic radical prostatectomy; EBRT - external beam radiation therapy
Table 4. Sexual score values in relation to the examined groups in the follow-up period
Score Group Before treatment Six months 12 months 24 months p
ORRP group 58.94 + 28.76 47.63 £ 26.79 39.51 + 19.69 42.76 +21.47 <0.001
Sex summary 0.1642
ERBT group 53.64 = 28.02 47.26 £25.19 4141 £22.59 4245 +22.04 0.8003
ORRP group 57.63 +29.32 45,98 +27.45 3591+ 19.74 40.42 +22.89 <0.001"
Sex function 0.3122
ERBT group 51.92+295 44.42 + 26.59 37.73 £ 22.66 38.4+£22.89 0.6343
ORRP group 61.88 +28.83 51.35+27.16 47.60 + 25.08 48.02 +25.12 <0.001
Sex bother 0.1042
ERBT group 57.5+27.49 53.65 + 29.46 49.69 + 30.06 51.56 +29.15 0.856%

Repeated measures ANOVA, 'time effect, 2interaction time X group, *group effect,

ORRP - open retropubic radical prostatectomy; EBRT - external beam radiation therapy

Barocas et al. [15] analyzed PROM:s based on the EPIC
instrument, after observation, EBRT or radical prostatec-
tomy (RP) in 2750 patients with localized PCa. The effects
of RP were associated with lower urinary incontinence
(UI) and sexual function scores compared to EBRT, except
for the bowel score which was better at 12 months. In a re-
cently published study on PROMs after surgery or irradia-
tion in LPCa, Hashin et al. [16] reported significantly lower
urinary scores in surgically treated patients and signifi-
cantly lower bowel scores in irradiated patients, while in
the follow-up period there was a decrease in the difference
in both domains. In the sexual domain, a decrease in the

‘ DOI: https://doi.org/10.2298/SARH230914099B

score after surgical treatment was reported, while the score
was unchanged after irradiation. Analyzing PROMs in
1141 patients after RP, EBRT, permanent prostate brachy-
therapy (PPB) and Active Surveillance (AS), Chen et al.
[17] concluded that the UI score was the lowest after RP,
urinary bother and bowel scores after EBRT, while after
three months the sexual score was worse after RP com-
pared to EBRT. After 24 months, there were no statistically
significant differences in relation to the analyzed domains.

However, the curative potential of RP and EBRT is to
some extent compromised by post-interventional compli-
cations and consequent symptoms, with urinary, sexual,

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):658-664
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Figure 1. Values of urinary score in relation to the studied groups dur-
ing the 24 month-follow-up; ORRP - open retropubic radical prosta-
tectomy; EBRT - external beam radiation therapy
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Figure 2. Values of bowel score in relation to the studied groups during
the 24 month-follow-up; ORRP - open retropubic radical prostatec-
tomy; EBRT - external beam radiation therapy
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Figure 3. Values of sexual score in relation to the studied groups during
the 24 month-follow-up; ORRP - open retropubic radical prostatec-
tomy; EBRT - external beam radiation therapy

and intestinal most pronounced. Symptoms of erectile
dysfunction (ED) and UT have been addressed to surgery,
while bowel and irritative urinary symptoms are predomi-
nantly associated with EBRT [18, 19, 20]. In the ProtecT
trial, Donovan et al. [21] analyzed PROMs for 1643 pa-
tients who underwent AS, operative treatment or radiation

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):658-664

therapy, with a follow-up period of 72 months. The authors
state that operative treatment is associated with a reduction
in UT and sexual function scores, to a greater extent com-
pared to EBRT, and that despite the variability of symptom
scores in terms of improvement after 12 months, the dif-
ference between the mentioned groups remains during 72
months of follow-up. As in our study, the difference in UI
scores in RP versus EBRT remains approximately the same
during the follow-up period. The same authors reported
that bowel scores were lower in the EBRT group, which is
consistent with the results of our study.

Analyzing the effects of individual therapeutic modali-
ties on the outcome of PCa treatment, it is worth men-
tioning that the recent meta-analysis by Cheng et al. [22]
showed that the overall survival (OS) in RP is significantly
higher compared to EBRT, with a similar cancer-specific
survival, and that the risk of cancer-specific mortality is
higher in EBRT. A recent systematic review by Greenberger
et al. [23] on the effects of surgery, radiation, and ADT for
the primary treatment of LPCa showed that there is still no
strong evidence to favor any of these therapies in terms of
overall mortality (OM) and cancer-specific mortality. In a
study that using the International Prostate Symptom Score
(IPSS) PROM instrument analyzed the impact of ORRP
on postoperative voiding quality, ORRP was associated
with a significant reduction in IPSS score and improve-
ment in quality of life, over a 12-month follow-up period
[24]. Hoffman et al. [20] conducted a prospective PROMs
study for AS, surgery, PPB, EBRT or ADT, of 1386 men
with LPCa, using the EPIC-26 instrument, with a five-year
follow-up. In the sexual domain, there is a continuous de-
crease, both with RP and EBRT. Overall, the authors found
no statistically significant differences in HRQoL between
RP and EBRT, combined with ADT [20]. The UI score
declines with RP until sixth month and recovers slightly
afterwards, but is significantly lower than with EBRT dur-
ing follow-up. Urinary symptoms were more pronounced
with EBRT during the entire follow-up period. During
the first year, the bowel score is slightly lower with EBRT
compared to RP, but without a statistically significant dif-
ference. According to our results, this study, as well as
the ProtecT trial, showed that RP significantly affects the
reduction of urinary and sexual scores during the follow-
up period, and that RP has the greatest negative effect on
sexual scores [20, 21].

Our results in terms of sexual scores show a continuous
trend of reduction during the follow-up period in both
studied groups, at six and 12 months, after which a slight
improvement is noticeable at 24 months. However, the
overall reduction is statistically significant compared to
baseline (p < 0.001).

Unlike the previously mentioned studies [20, 21], no
statistically significant difference was found among the
observed groups in our study, in any of the sexual score
categories, at six, 12, and 24 months, which can be ex-
plained by a statistically significant difference in age at
EBRT. Compared to the baseline, in our study group
ORRP showed statistically significant variations in all
urinary scores, during the entire follow-up period. The
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incontinence score shows a significant decline at six
months, followed by a statistically significant improvement
that is most pronounced at 24 months. It is interesting
that the urinary summary score shows variations, start-
ing with a significant decrease in the sixth month, with a
continuous statistically significant improvement over time,
approaching the values from the baseline. This result is
consonant with the results of most of other studies [20, 25].

In our study, the incontinence score was also signifi-
cantly reduced in EBRT at six months, with an additional
reduction at 12 months. Urinary function score decreases
after treatment and maintains approximately the same
values at six, 12, and 24 months. It is interesting that the
increase in the urinary bother score and the UIO was re-
corded only in the 24th month. In this group, the urinary
summary score was reduced at six and 12 months, but after
24 months it was increased. It should be noted that many
patients from this group are on chronic drug therapy for
lower urinary tract symptoms. During follow-up at six,
12, and 24 months, urinary summary, urinary function,
urinary bother, UI and UIO, were lower in ORRP, showing
that the negative effect of ORRP on urinary symptoms was
more pronounced compared to EBRT, and this difference is
statistically significant. However, the recovery of the same
score in ORRP after 24 months in our patients may be
due to the preserved muscle mass of the urethral rhabdo-
sphincter (younger patients), with its good preservation
during the performance of vesicourethral anastomosis.
When it comes to bowel scores, both bowel function and
bowel bother and bowel summary scores at ORRP show
no variation during the follow-up period (p > 0.01). With
EBRT, these scores progressively decrease statistically sig-
nificantly and are the lowest in the 24th month. All three
bowel scores are lower in EBRT compared to ORRP at
six, 12, and 24 months, and this difference is statistically
significant (p > 0.05).

In our study, the use of PROM:s for assessing of the uri-
nary, intestinal and sexual domains after ORRP or EBRT
in LPCa, clearly established the set parameters, even their
temporal variability in each of the set categories. Certain
conclusions are relevant, such as that UI and sexual
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OTtBopeHa petponybuyHa paguKanHa NPOCTaTEKTOMMja HacNpam CnoJballbe
3payHe Tepanuje 3a N0KaNU30BaHU KapLMHOM NpocTaTe — UCXOAM KOje Npujasibyjy

6onecHuum
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CAMETAK

YBog/Lum AKTVBHE onumje Nieyerba NoKan/30BaHOr paka npo-
CTaTe yKJbyuyjy onepauujy 1 paguoTtepanujy ca aHgporeHom
JenpvBaLMoHOM Tepanujom y ogabpaHum ciyyajeBrma, anu
CBe onuyje nMajy HexerbeHe edekTe, yrnaBHOM YCMepeHe Ha
YPVHaPHY, CeKCyanHy 1 LpeBHy dyHKLwjy. Hawa cTyauja je uma-
na Lunb Aa MPOLIEHN 1 yNIopeam Mepe NCXofa Koje Cy MpujaBuam
6051eCHMLM HAKOH OTBOPEHE PETPOMY6UYHE paguKaaHe npo-
ctatekTommje (OPPI) nnn cnomaltbe 3pauHe tepanuje (C3T).
Mertope Y nepuogy of jyHa 2019. o maja 2021. roguHe, yKynHo
120 6onecHWKa ca IOKanM30BaHUM PaKOM NpPoCTaTe NOABPr-
HYTO je aKTVBHOM fievetby, 1 To OPPIT - 60 6onecHuka n C3T
- 60 6onecHuKa. 3a NpoLieHy Mepa 1CXofa Koje Cy npujaBuiv
60necHVumM KoprwheH je BanngnupaHu ynuTHUK, KOMNO3UTHA
KpaTka $popma ca MpoLUMpPeHUM NHAEKCOM paka npocTate (EPIC-
26), Kpo3 cnepehe fomeHe: ypuUHapHU, LPEBHU U CEKCYanHMU.
bonecHuuwm cy nomyHaBanu yNMUTHUK Ha MOYETKY 1 LWecT, 12 1
24 meceLia nocne NPYMapHOr nevyema.

DOI: https://doi.org/10.2298/SARH230914099B

Pesyntatu Cey pesyntati yprHapHOT JOMeHa UMajy CTaTu-
CTVYKV 3HavajHy HTepaKuujy nsmehy rpyne n Bpemera. lMocne
wect, 12 1 24 mecelia, CBU YPUHAPHU pe3ynTaTii Gunm cy ctatu-
CTUYKM 3HaYajHO HUXK y rpynv OPPTI. Tocne 12 n 24 meceua,
BPEAHOCTM LIPEBHOT CKOpa burie Cy CTaTUCTUYKM 3HaYajHO HiKe
Kon 6onecHuka y rpynu C3T. CeKcyanHu pesyntaTu ce Metbajy
CTaTUCTMYKVM 3HaYajHO TOKOM Nepuoaa npahetba, 6e3 paznvike
mehy rpynama (p < 0,05).

3akmyuak M OPPI1 n C3T noBe3aHe cy ca NafiomM CeKCyanHux
ckopoBa. OPPI1 je noka3ana 3HavajHe Bapujaumje y CBUM pe-
3ynTaTMa YPUHAPHOT CKOPa, Ca N3PaXeHUjUM HeraTVBHUM
yTrLajem Ha yprHapHe cumnTome y nopehetby ca C3T Tokom
yuTaBor nepuopa npahetba. Pesyntat upeBHOr CKopa HYXKN
cy kop C3T.

KrbyuHe peun: ToKanv30BaHN KapLMHOM NpoCTaTe; OTBOPEHa
peTporybuyHa pagrKanHa npoCcTaTeKTOMIja; Crosballtba 3pay-
Ha Tepanuja; NCXoau NpujaBbeHn of bonecHrKa
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SUMMARY

Introduction/Objective Physical therapy aims to improve airway clearance, breathing, and enhance gas
exchange. It is widely used as an additional therapy in children with pneumonia. The aim of this study
was to assess the effects of complications and comorbidities on physical therapy duration in children
with pneumonia.

Methods We conducted a retrospective descriptive study including 40 children with pneumonia admit-
ted to a tertiary children’s hospital. Study participants were divided into two groups — a group with and
without complications and a group with and without comorbidities. All children received physical therapy
one time daily five days a week plus standard treatment for pneumonia. Physical therapy procedures
that were applied were chest physical therapy and kinesiotherapy.

Results Chest physical therapy (p < 0.001) and kinesiotherapy (p = 0.024) were applied significantly
longer in the group with complications versus those without complications. Chest physical therapy was
applied significantly longer in the group with comorbidities versus the group without comorbidities
(p < 0.001), while there was no difference regarding duration of kinesiotherapy in the group with and
without comorbidities (p = 0.239).

Conclusion Our results show that the presence of complications and/or comorbidities significantly

prolongs the duration of chest physical therapy in children with pneumonia.

Keywords: children; pneumonia; physical therapy

INTRODUCTION

Community-acquired pneumonia is an acute
disease caused by an infection of the lung pa-
renchyma acquired outside of a hospital setting
[1]. Childhood pneumonia is still a significant
clinical and public health problem and one of
the leading causes of morbidity in children [2,
3]. Physical therapy is widely used as additional
therapy in children with pneumonia. Currently
in clinical practice different physical therapy
techniques are available that aim to improve
evacuation of inflammatory exudates and tra-
cheobronchial secretions, remove airway ob-
struction, decrease airway resistance, improve
gas exchange, and reverse pathological progres-
sion [4, 5]. However, strong scientific evidence
is missing to support those beneficial effects
in children with pneumonia and lack of data
showing that physical therapy may contribute
to patients’ recovery. Authors of systematic re-
view have concluded that there was insufficient
evidence to make a clear recommendation for
clinical practice and consequently reject or ac-
cept chest physical therapy as a standard treat-
ment option in children with pneumonia [6].
However, to our knowledge, there are no stud-
ies investigating the effects of complications

and comorbidities on physical therapy dura-
tion in this population. Therefore, the primary
aim of this study was to assess the effects of
complications and comorbidities on physical
therapy duration in children with pneumonia.
Additionally, we wanted to evaluate treatment
outcome in study group regarding presence of
complications and comorbidities.

METHODS

The study was based on a sample of 40 children
(22 male and 18 female, mean age 34.5 + 18.5
months, range 1 month to 10 years) hospital-
ized due to pneumonia. Pneumonia was de-
fined as the presence of fever, acute respiratory
symptoms (cough, tachypnoea, difficult breath-
ing) or both, plus presence of new infiltrate on
chest radiography or consolidation not attribut-
able to some other etiology [7]. Exclusion cri-
teria were severe concomitant disease (chronic
pulmonary disease, cerebral palsy, immune
deficiency), hemodynamic instability, chest
drain, bone fragility or rib fractures [4]. The
study was approved by the Ethics Committee of
the University Children’s Hospital in Belgrade
(number 017 16/53).
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Table 1. Duration of physical therapy procedures with regard to the presence of complications and pleural effusion
Tested parameters Group with compl.|cat|ons/ Group without compllcatlons/ p
pleural effusion pleural effusion
L Chest physical therapy (MV + SD), days 11.82+5.71 439+ 1.64 <0.001*
Complications —
Kinesiotherapy (MV + SD), days 10.13+6.26 4+255 0.024*
. Chest physical therapy (MV + SD), days 10.83 +5.71 6.14+5.6 < 0.001%**
Pleural effusion ———
Kinesiotherapy (MV * SD), days 8.91+5.49 84+7.11 0.428*
MV - mean value; SD - standard deviation;
*Student’s t-test;
**Mann-Whitney U test
Table 2. Duration of physical therapy procedures with regard to the presence of comorbidities
Tested parameters Group with comorbidities | Group without comorbidities p
. Chest physical therapy (MV + SD), days 11.4+6.1 6.27 +4.51 <0.001*
Comorbidities —
Kinesiotherapy (MV + SD), days 9.7 +6.18 7.73+6.26 0.239%*
MV - mean value; SD - standard deviation;
*Mann-Whitney U test;
**Students t-test
Table 3. Duration of physical therapy procedures with regard to the presence of complications and comorbidities
Group with complications and | Group without complications
Fesiiss] el ey comorbidities and comorbidities P
Complications Chest physical therapy (MV + SD), days 12.63+£6.21 419+1.5 <0.001*
and comorbidities | Kinesiotherapy (MV + SD), days 10.75 + 6.41 3+1.73 0.038*

Out of 40 children with pneumonia, 17 had compli-
cations. The most common complications were pleural
effusion in 12 children, empyema in three children, and
necrotizing pneumonia in two children. Among 40 chil-
dren with pneumonia, comorbidities were present in 10
children. Five children had congenital heart defects, two
had repaired esophageal atresia with tracheoesophageal
fistula, and one child had epilepsy, celiac disease, and
Hirschsprung disease.

All the children received physical therapy one time
daily with standard treatment for pneumonia (antibiotic
therapy, fluid therapy, and oxygen, if needed, administered
by the attending pediatrician) until discharge. Regarding
physical therapy procedures, two modes were evaluated:
chest physical therapy and kinesiotherapy. Each session of
physical therapy was about 30 minutes and consisted of
postural drainage, thoracic squeezing, chest percussion,
vibration, cough stimulation, aspiration of secretions
(if needed), and kinesiotherapy [4, 8]. The positions for
postural drainage were directed by the chest radiograph
to provide more effective drainage of secretions and exu-
dates from the most affected areas [4, 8]. The decision to
discharge from hospital was made by the attending pe-
diatrician. Regarding treatment outcome two categories
were assessed: discharge and prolonged hospitalization.
Prolonged hospitalizations in this study were defined as
those lasting 14 days or longer.

Statistical analysis

Results were presented as whole numbers (N) and percent-
ages (%), while continuous values were presented as mean
values (MV) with standard deviation (SD). Student’s t-test
and Mann-Whitney U test were used to compare continu-
ous variables depending on the normality of distribution,
and x* test or Fishers exact test were used for categorical

‘ DOI: https://doi.org/10.2298/SARH230627097 M

variables. Spearman rank correlation was used to measure
the degree of association between the presence and num-
ber of complications or comorbidities and the duration of
physical therapy. A value of p < 0.05 was considered to be
statistically significant.

RESULTS

In the group of children with complications, chest physical
therapy (p < 0.001) and kinesiotherapy (p = 0.024) were
applied significantly longer compared to children without
complications (Table 1). Moreover, it was shown that chest
physical therapy was applied significantly longer in the
group of children with pleural effusion compared to children
without pleural effusion (p < 0.001), whereas there was no
difference regarding the duration of kinesiotherapy in chil-
dren with and without pleural effusion (p = 0.428) (Table 1).

In the group of children with comorbidities, chest physical
therapy was applied significantly longer compared to chil-
dren without comorbidities (p < 0.001) while there was no
difference regarding the duration of kinesiotherapy in chil-
dren with and without comorbidities (p = 0.239) (Table 2).

In addition, when we analyzed patients who had co-
morbidities and complications, we noticed that in those
children both chest physical therapy (p < 0.001) and ki-
nesiotherapy (p = 0.038) were applied significantly longer
compared to children without comorbidities and complica-
tions (Table 3).

There was a statistically significant correlation be-
tween the presence and number of complications and the
duration of chest physical therapy (p < 0.001) as well as
with the duration of kinesiotherapy (p < 0.001) (Table 4).
Furthermore, there was statistically significant correlation
between the presence and number of comorbidities and
the duration of chest physical therapy (p < 0.001), while

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):665-669
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Table 4. Correlations between the duration of physical therapy modes and the

presence and number of complications and comorbidities

results of those studies are controversial. A ran-
domized trial from Brazil found that chest phys-

Duration of ical therapy as supplementary to standard treat-
TS R RS physical therapy ment did not hasten the clinical resolution of
r p . .1 . .
children hospitalized with acute pneumonia and
i 0.827 0.001 . .
CP:ﬁ;;rlwichtailggsnumber of E,heSt. p:;]yS'cal therapy 0673 < 0001 that physical therapy may prolong duration of
inesiotherapy . <0. . . .
coughing and rhonchi [9]. Another randomized
Presence and number of Chest physical therapy | 0.522 | <0.001 ghing K (9]
comorbidities Kinesiotherapy 0274 | 0229 study from Brazil demonstrated that the chest
Presence and number of Chest physical therapy | 0.781 | <0.001 p}}lll)lfswall;[her?.pl}.l hgd nl(')l beneﬁaé’l effect's 13
complications and comorbidities | Kinesiotherapy 0746 | 0008 children hospitalized with community-acquire

r - correlation coefficient

Table 5. Treatment outcome in tested patients regarding the presence of complica-

tions and comorbidities

pneumonia [10]. In contrast, the authors of a
more recent study from Egypt concluded that
chest physical therapy showed significant im-
provements in children hospitalized with pneu-

Presence of Patients monia. They reported that children treated with
complications and/ Treatment outcome p .

or comorbidities N (%) standard treatment for pneumonia and chest

Complications physical therapy had shorter time to clinical res-

Discharge 7 412 olution and greater improvement in respiratory

ves Prolonged hospitalization 10 58.8 rate and arterial oxygen saturation compared

Discharge 23 100 | © 0.001* to children treated with standard treatment for

No Prolonged hospitalization 0 0 pneumonia alone, without chest physical ther-

Comorbidities apy [11]. Moreover, the authors from Portugal

Discharge 4 40 studying adult outpatients with lower respira-

Yes Prolonged hospitalization 6 U tory tract infections, recently found that adding

No Discharge 26 86.7 ’ respiratory physical therapy to the pharmaco-

Prolonged hospitalization 4 13.3 logical treatment results in greater recovery of

Complications and comorbidities symptoms and function parameters [12]. Given

Yes Discharge 2 25 the observations of above-mentioned studies,

Prolonged hospitalization 6 75 | 0.001% it should be pointed out that physical therapy

No Discharge 21 100 particularly chest physical therapy in patients

Prolonged hospitalization 0 0 with pneumonia could lead to elimination and

X reduction of mucus in lung airways, thus affect-

**Fisher's exact test

no statistically significant correlation between the pres-
ence and number of comorbidities and the duration of
kinesiotherapy (p = 0.229) was found (Table 4). Moreover,
there was statistically significant correlation between the
presence of comorbidities and complications and the dura-
tion of chest physical therapy (p < 0.001) as well as with the
duration of kinesiotherapy (p = 0.008) (Table 4).

More than half of tested patients with complications
had prolonged hospitalization (58.8%), while none of those
without complications had prolonged hospitalization (0%).
Regarding comorbidities, also more than half of children
with comorbidities (60%) had prolonged hospitalization,
while only 13.3% of those without comorbidities had pro-
longed hospitalization. Patients with complications and
comorbidities had the highest proportion of prolonged
hospitalization (75%), while none of those without com-
plications and comorbidities had prolonged hospitalization
(0%) (Table 5).

DISCUSSION
In this study we assessed the application of physiotherapy
in children with pneumonia. There are very few studies

of physical therapy in children with pneumonia and the

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):665-669

ing recovery and onset prevention and further
deterioration of present complications [13].

Bearing in mind that pediatric population consists
of very young infants up to the patients 18 years of age,
modifications to physical therapy procedures are applied
[13]. Susan and Hintz [14] pointed out that chest physi-
cal therapy used in infants was associated with improved
oxygenation and secretion clearance and improvements in
respiration and chest sound. Furthermore, Leelarungrayub
et al. [15] reported that chest physical therapy possibly
reduces oxidative stress and enhance oxygenation status
in infants with pneumonia. These findings clearly demon-
strate the importance of chest physical therapy in children,
particularly infants with pneumonia.

According to the literature, there is still a lack of scien-
tific evidence to make a clear, justified recommendation
for the clinical practice, supporting or refusing physical
therapy in children or adults with pneumonia. Authors
of a recent systematic review on chest physical therapy in
children with pneumonia emphasized that no reliable con-
clusions can be drawn concerning the use of chest physi-
cal therapy for children with pneumonia due to the small
number of included trials with differing study character-
istics and statistical presentation of data [16]. Moreover, a
recently concluded systematic review stressed that current
evidence was very uncertain about the beneficial effect
of chest physical therapy in adults with pneumonia [17].

www.srpskiarhiv.rs ‘
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To our knowledge, this is the first study to present
effects of complications and comorbidities on physical
therapy duration in children with pneumonia. Our results
showed that among children with pneumonia, those with
additional complications had significantly longer chest
physical therapy and kinesiotherapy than those without
complications. Another important finding in our study
is that we observed a statistically significant correlation
between the presence and number of complications and
the duration of chest physical therapy and duration of
kinesiotherapy procedures. This is expected, since pneu-
monia with complications should be treated longer to
gain improvements and the resolution of complications.
Additionally, we found that children with complicated
pneumonia more often had prolonged hospitalization,
which is in agreement with data in literature [18, 19].

Furthermore, children with comorbidities, had signifi-
cantly longer chest physical therapy versus those without
comorbidities, while there was no difference regarding the
duration of kinesiotherapy. Moreover, there was statisti-
cally significant correlation only between the presence and
number of comorbidities and the duration of chest physical
therapy. These findings demonstrate that the role of chest
physical therapy is important in children with pneumo-
nia and additional comorbidities, and this is further sup-
ported by the findings that comorbidities alone or with
complications are significantly more frequent in the one
with prolonged hospitalizations. In contrast, authors from
Brazil did not find longer hospital stays in children with
community-acquired pneumonia and comorbidities [20].

However, it should be considered that the results in
our study might be influenced by the fact that the evalu-
ated group of patients were presenting to a tertiary medi-
cal facility - a university children’s hospital - therefore,
patients with more severe infections may have been
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overrepresented, some of which could affect the produc-
tion and elimination of secretions.

The present study has some limitations that should be
considered in the analysis and interpretation of the results.
Firstly, the study design included a retrospective collection
of information. We did not have a control group due to ethi-
cal reasons, considering that respiratory physical therapy is
often prescribed in children with pneumonia in our institu-
tion. In addition, the prolonged hospitalization was used as
an endpoint in this study, although it is known that the deci-
sion about the duration of hospitalization varies among doc-
tors and hospitals [10]. However, our study was conducted
at a single institution; therefore, the doctor/facility profiles
were unlikely to have biased length of hospitalization.

CONCLUSION

Our results suggest that the presence of complications
and/or comorbidities significantly prolongs the duration
of chest physical therapy and prolongs hospitalization in
children with pneumonia.
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YTuuaj KomnauKkaumja u kKomopbuauteta Ha Tpajarbe PU3MKaNHe Tepanuje Koa Aeue

Ca NHEYMOHMjOM

burbana Meho'?, Onusepa hanosuh?, Mapuja Kapnuunh', Muwena Payc'?, Bnagumup Pagnosuh'?, [iejan Hukonuh'?

'YHuBep3uTeTCcKa fievja knnHuka, beorpag, Cpbuja;

2YHueep3uTeT y beorpaay, MeanunHcku pakyntet, beorpag, Cpbuja;

3KnuHnyko-60nHNYKM LieHTap ,[p Opariwa Muwosnh - leanibe’; [leyja knuHuka 3a nnyhHe 6onectu n Ty6epkyno3sy, beorpag, Cpbuja

CAMETAK

YBoa/Lumb OusmkanHa Tepanuja uMa 3a LUub Aa nobosblua
MYKOLMVjapHU KIMPEHC AMNCajHUX NYTeBa, AMCarbe U pa3me-
Hy racoBa. YecTo ce KOpUCTY Kao AoAaTHa Tepanuja y nevetby
feLe ca MHeyMOHMjoM.

Linmb oBor ncTpaxuBakba 610 je fa ce NpoLeHM yTULaj KOMMu-
Kauwja 1 KomopbuamTeTa Ha Tpajarbe du3rKanHe Tepanije KoA
feLe ca MHeyMOHMjoM.

Metope OBa peTpocneKT/BHa AeCKPUNTUBHA CTyauja je 0by-
xBaTua 40 gele ca NHEYMOHWjOM Koja Cy neyeHa y Tepumjap-
HOj 6onHULM. icnuTaHnum cy 6Unm noperbeHn y age rpyne —y
rpyny ca Komnaukauujama v 6e3 Komnaukawumja ny rpyny ca
KoMopb6uanTeTom 1 6e3 Komopbuaguteta. Kog cee geue dpusn-
KanHa Tepanuja je npMMerb1uBaHa jeAHOM AHEBHO, NeT AaHa
y Hefilesby y3 CTaHAapAHY Tepanujy 3a neyere nHeymoHuje.
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lMporpam ¢usmnKanHe Tepanuje je nogpasymeBao pecnmpaTopHy
pexabunuTaumjy 1 KnHesutepanujy.

Pesyntati Y rpynu ncnmtaHmka ca KoMnavKauujama y ogHocy
Ha ncnuTaHuke 6e3 KomnauKalmja 3HauajHoO Ayxe Cy npume-
tblIBaHe pecnvpaTopHa pexabunutauuja (p < 0,001) n KuHe3u-
Tepanuja (p = 0,024). Takohe, pecnupaTopHa pexabunurtayuja
npuUMetbrBaHa je 3HayajHoO fy»Ke y rpynu UCMUTaHKKa ca Ko-
MopbuanTeTMMa Y OOHOCY Ha UCMMTaHVKe 6e3 KomopbuanTeTa
(p < 0,001). Paznuika y gy*uHu KnHesutepanuje n3mehy ose Be
rpyne ncnuTaHnka Huje ytepheHa (p = 0,239).

3aksbyyak Haww pesynrtaty nokasyjy Aa npucycTBo KOMMun-
Kaumja n/unvu komopbuanTeTa 3HauajHo nosehasa Tpajare
pecnupaTopHe pexabunuTauuje Kof AeLe ca MHeYMOHWjOM.

KmbyuHe peun: feua; nHeyMoHWja; usnKanHa tepanmja
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SUMMARY

Introduction/Objective Nonspecific clinical signs of neonatal infection dictate routinely determination of
C-reactive protein (CRP) and procalcitonin levels in order to confirm the diagnosis. As hepcidin is an acute
phase reactant, the aim of our study was to analyze its significance in diagnosis of neonatal infections.
Methods The prospective study included 71 term neonates, 37 with signs of infection in the absence of
other pathological conditions and 34 healthy neonates. After standard bacteriological examination, at
the time of diagnosis and after six days of antibiotic therapy, complete blood count, serum CRP, procal-
citonin, and hepcidin were determined.

Results There was no difference in serum hepcidin levels between the control (55.17 + 21.22 ng/ml) and
the infection group (59.72 £ 59.7 ng/ml) on the first day. Hepcidin values in neonates with infection up
to 72 hours were significantly lower (30.2 ng/ml, 1Q: 25.9-39.9 ng/ml) than in older neonates (82.2 ng/ml,
1Q: 39.7-128.1 ng/ml). In neonates up to 72 hours, after six days of antibiotics, the hepcidin values show a signif-
icant increase (36.68 ng/ml, IQ; 31.23-50.3 ng/ml). High hepcidin values (128.05 ng/ml, 1Q: 60.95-201 ng/ml)
were recorded in neonates with CRP over 100 mg/I.

Conclusion Our results shows that the determination of serum hepcidin as a marker of neonatal infection
is not relevant in neonates up to 72 hours of life. After six days of antibiotic therapy, the neonates of this
group reacted with an increase in hepcidin, while the parallel determined values of CRP and procalcitonin
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showed a significant decrease.
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INTRODUCTION

Despite progress in the diagnosis and treat-
ment of infections, neonatal infections remain
a global challenge in perinatal medicine and
treatment of neonates [1].

Neonatal infections are defined as all in-
fections occurring during the first 28 days of
life. Due to the possibility of rapid progression
and unfavorable outcome of infection in neo-
nates, antibiotic therapy must be started before
obtaining positive microbiological culture.
Prompt diagnosis is one of the most delicate
challenges in neonatology. Clinical (Tollner)
and hematological (Rodwell) scoring systems,
as well as determination of inflammatory bio-
markers such as C-reactive protein (CRP) and
procalcitonin (PCT) are of great importance in
the diagnostic process [2, 3, 4].

It is known that the specificity of CRP and
PCT in differentiating infectious from non-
infectious causes of the inflammatory response
is limited [5]. Also, unreliable values of CRP
and PCT in premature neonates limits their di-
agnostic value [4]. In order to overcome these
problems, it is necessary to find new biomark-
ers of infection that would enable well-timed
diagnosis, monitor disease progression and
evaluating the effect of treatment.

It has been proven that proinflammatory
cytokines cause increased expression of hep-
cidin (a 25-amino acid peptide containing eight
cysteine residues), which is now considered an
acute phase reactant type II [6, 7]. Several stud-
ies have demonstrated the antibacterial activity
of hepcidin-25 and hepcidin-20 against a large
number of Gram-positive and Gram-negative
bacteria [8, 9, 10]. The role of hepcidin in in-
nate immunity is not only significant in infec-
tion — it can also have antitumor effects [7, 10,
11]. Hepcidin leads to the retention of iron in
macrophages and decreases its absorption in
the intestines, which results in hypoferremia
and contributes to the host’s defense against
pathogens [7, 11, 12, 13]. Based on the present
knowledge, it will be expected that neonates
with infection would have significantly higher
serum hepcidin levels than healthy ones.

The aim of our study was to examine the
potential significance of hepcidin as a marker
of neonatal infection, compared with the serum
levels of CRP and procalcitonin as standard di-
agnostic markers.

METHODS

A prospective study was conducted at the
Clinic for Children’s Diseases and the Clinic for
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Gynecology and Obstetrics, University Clinical Center of
the Republic of Srpska. The research was approved by the
Ethics Committee of the University Clinical Centre of Banja
Luka and was conducted in accordance with the principles
of the Helsinki Declaration. For all neonates before inclu-
sion in the study, the parents signed the informed consent
for the child’s participation. The study included 71 term
neonates: 37 with clinical and laboratory signs of infec-
tion in the absence of other pathological conditions and 34
healthy neonates with matched demografic characteristics.

In addition to the clinical evaluation (collection of an-
amnestic data on risk factors for neonatal infections, clini-
cal examination, monitoring of the course of treatment and
outcome), capillary and venous blood was taken from all
the subjects.

The clinical examination consisted of an assessment
of the child’s general condition, assessment of skin color,
vital parameters, body temperature, physical findings by
organs and systems, and determination of the Tollner sep-
sis score [2].

In laboratory analyses, in addition to the complete
blood count, peripheral blood smear, C-reactive protein,
procalcitonin, hepcidin concentration were performed for
all subjects. The hematological sepsis score according to
Rodwell was determined for all neonates [3].

In neonates with infection, blood was taken at two time
points: at the time of clinical diagnosis of infection and
blood collection for culture, and after six days of antibiotic
therapy, as part of venous blood collection for routine tests.

In both time points, 3 ml of peripheral blood was drawn
into a tube without anticoagulant. Upon separating the
serum by centrifugating the samples at 3000 x g, part of the
serum was kept frozen at -70°C until the time of measure-
ment of hepcidin levels. Other parameters were measured
immediately.

The complete blood count was obtained by routine
methods on Advia 2120 (Siemens Healthineers AG,
Forchheim, Germany). Serum concentration of C-reactive
protein and prokalcitonin were measured by routine meth-
ods on Roche/Hitachi Cobas 6000 using commercial
Roche’s kits. Values of CRP below 10 mg/1 were considered
physiological [14]. According to personal experiance val-
ues of 10-40 mg/1 were considered a low risk for bacterial
infection, 40-100 mg/l were considered a moderate risk,
and values above 100 mg/l were considered a high risk for
bacterial infection.

Concentrations of procalcitonin below 0.5 ng/mL were
considered physiological. Values 0.5-2 ng/ml defined a
moderate risk for sepsis, while values above 2 ng/ml rep-
resented a high risk for sepsis.

The level of hepcidin in the serum was measured by the
by enzyme-linked immunosorbent assay intended strictly
for research (DRG Hepcidin 25 ELISA; EIA 5258) accord-
ing to the manufacturer’s instructions on an open system
device (BP 2000, Siemens). The results were expressesd
in ng/ml.

Data distribution was tested using the Kolmogorov-
Smirnov test. Depending on the type of variables
and the normality of distribution, Student’s t-test and
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Mann-Whitney U test were used to test data differences
between two independent samples. Categorical variables
were tested by the x* test. Wilcoxon signed-rank test
and Student’s t-test for dependent data were used to test
changes between two repeated observations in the same
group. Data are shown as mean + standard deviation for
normally distributed variables. The median for indepen-
dent data or the median of difference for dependent data
with interquartile range were presented for non-normally
distributed variables. Relative or absolute frequencies are
shown for categorical variables.

Statistical analysis and presentation of results were per-
formed using Statistical Package for Social Sciences — SPSS
Statistics for Windows, Version 17.0 (SPSS Inc., Chicago,
IL, USA). A p-value < 0.05 was considered statistically
significant.

RESULTS

The study included 71 neonates, divided into two groups:
a control group of 34 healthy neonates and a group of 37
neonates with signs of infection and no other pathological
conditions. The groups were similar in sex, age, gestational
age, birth weight, birth length, and Apgar score (Table 1).

Table 1. Demographic characteristics of the study population

671

Experimental
Parameter group Control group p
Sex Male 20 (54.05) 19 (55.88)

0.877*

N (%) Female 17 (45.95) 15 (44.12)
Age on admission 2 3 0.293%*
(days) (median; IQ) (2-5) (3-4) ’
Gestational age (days) 279 279 0.185%*
(median; 1Q) (274-286) (271-281) '
Apgar score 1st minute 9 9 %
(median; 1Q) (9-9) (9-9) 0.098
Apgar score 5th minute 10 10 0.054%*
(median; 1Q) (10-10) (10-10) ’
Birth weight (grams) 3637.84 +£392.34 | 3605.88 +£338.5 0.716%*
(mean + SD; 95% Cl) (3511.42-3764.26) | (3492.1-2790.66) |
Birth length (cm) 53 53 0.480%
(median; 1Q) (52-55) (53-55) :

*Pearson’s X2 test;
**Mann-Whitney U test;
***Student’s t-test

The Tollner sepsis score was positive in 14 (37.84%)

neonates of the infection group, while score was negative
in all neonates of the control group. Rodwell score was
positive in 18 (48.65%) neonates in the infection group on
the first day, while all neonates in the control group had a
negative Rodwell score. The stated difference between the
neonates of the control and infection group was statistically
significant (p < 0.001).

Laboratory findings of our patients are shown in Table
2. The mean value of hepcidin in neonates with infection
was 59.72 + 59.70 ng/ml (95% CI: 40.48-8.96 ng/ml) and
no significant differences in this parameter were observed
compared to the control group (55.17 + 21.22 ng/ml; 95%
CI: 48.04-2.3 ng/ml).

www.srpskiarhiv.rs ‘
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Table 2. Laboratory characteristics of the study population

Predojevi¢-Samardzic J. et al.

Parameter Group N Mean = SD (95% Cl) Minimum-maximum . Me@lap p
(interquartile interval)
Erythrocytes Control 34 4.68 + 0.55 (45—486) 3.63-6.55 4.7 (438—495) 0.155%
(x10%) Experimental | 37 451 + 0.46 (4.36-4.66) 3.63-5.65 4.59 (4.22-4.71) )
Hemoglobin Control 34 | 164.79 £ 14.15 (159.43-170.16) 144-218 163.5 (149-173) 0.025%
(9/1) Experimental | 37 |156.32+15.18(151.43-161.21) 122-193 158 (145-162) )
Hematocrit Control 34 0.49 + 0.06 (0.47-0.51) 0.37-0.65 0.49 (0.46-0.52) 0164"
(/1) Experimental | 37 0.47 + 0.05 (0.43-0.49) 0.37-0.55 0.48 (0.45-0.5) ’
Thrombocytes Control 34 | 330.34 +6.843 (307.23-353.24) 226-493 321.5(284-347) 0.613%
(x10%) Experimental 37 |309.86 +91.48 (280.39-339.34) 127-478 321 (253-363) ’
Leukocytes Control 34 14.41 +4.8(12.79-16.02) 5.66-26 14(11.39-16.2) 0.102*
(x10°) Experimental | 37 16.56 + 6.02 (14.62-18.5) 6.01-29.32 15.99 (12.64-18.93) )
CRP Control 34 3+1.86(2.38-3.63) 0.4-7.6 2.5(1.8-3.9) <0.0071%*
(mg/l) Experimental | 37 80.11 % 44.1 (65.9-94.32) 29.1-241 65.5 (52.8-96.7) ’
Control 34 0.43 £0.3 (0.33-0.53) 0.05-0.97 0.34(0.15-0.7)
PCT (ng/ml) - <0.001**
Experimental | 37 41.44 +76.34 (16.84-66.83) 0.24-408.65 15.83 (3.23-35.86)
L Control 34 55.17 +21.22 (48.04-2.3) 17.99-13.3 57.07 (36.8-1.3)
Hepcidin (ng/ml) - 0.061*
Experimental 37 59.72 + 59.7 (40.48-8.96) 86.51-252.1 34.79 (26.67-0.6)
CRP - C-reactive protein; PCT - procalcitonin;
*Student’s t-test;
**Mann-Whitney U test
Table 3. Hepcidin value in the group of neonates with infection
Hepcidin (ng/ml)
Group Parameter n e _ o (i ; p
Mean + SD (95% Cl) Mlnlmum Medlar'1 (interquartile
Maximum interval)
) ) 1st day 37 59.72 +59.7 (40.48-78.96) 86.51-252.1 34.79 (26.67-70.6)
All infections 0.428*
6th day 37 | 44.72+22.04(37.62-51.82) 9.1-105 36.73 (30.39-56.61)
) early onset infections | 24 40.07 £43.5 (22.67-57.47) 13.30-235 30.19 (25.9-39.88)
Infections 1st day - - 0.012%*
late onset infections 13 | 95.99 +69.78 (58.06-133.92) 19.54-252.1 82.20(39.7-128.1)
X early onset infections | 24 | 44.05+19.34(36.32-51.79) 25.12-105 36.68 (31.23-50.3)
Infections 6th day - - 1.000%*
late onset infections | 13 45.94 +27.16 (31.18-60.7) 9.1-86.68 44.88 (27.16-66.2)
X . 1st day 24 40.07 +43.5 (22.67-57.47) 13.3-235 30.19 (25.9-39.88)
Early onset infections 0.040*
6th day 24 | 44.05+19.34(36.32-51.79) 25.12-105 36.68 (31.23-50.3)
. . 1st day 13 | 95.99 +69.78 (58.06-133.92) 19.54-252.1 82.2(39.7-128.1)
Late onset infections 0.005*
6th day 13 45.94 +27.16 (31.18-60.7) 9.1-86.68 44,88 (27.16-66.2)

*Wilcoxon W test;
**Mann-Whitney U test

In the group of neonates with infection overall, regardless
of whether they were up to 72 hours old (early infections)
or older (late infections), no statistically significant differ-
ences were observed in hepcidin values obtained on the first
day (34.79 ng/ml; IQ: 26.67-70.60 ng/ml) compared to the
sixth day (36.73 ng/ml; IQ: 30.39-56.61 ng/ml). The values
obtained in the group of neonates with early infections (me-
dian 30.2 ng/ml, I1Q: 25.9-39.9 ng/ml), were significantly
lower compared to the values in neonates with late infec-
tions (82.2 ng/ml, IQ: 39.7-128.1 ng/ml). In neonates with
early infections, hepcidin values on the first day (median
30.19 ng/ml, IQ: 25.9-39.88 ng/ml) were significantly lower
than on the sixth day (36.68 ng/ml, IQ: 31.23-50.3 ng/ml).
In neonates with late infections, hepcidin values on the first
day (median 82.20 ng/ml, IQ: 39.70-128.10 ng/ml) were sig-
nificantly higher than on the sixth day (median 44.88 ng/ml,
1Q: 27.16-66.2 ng/ml) (Table 3).

In early infections, a slight increase in hepcidin val-
ues from the first to the sixth day (9.21 ng/ml; IQ:
1.12-22.03 ng/ml) is noticeable, while in late infections,

‘ DOI: https://doi.org/10.2298/SARH220503093P

there was a marked decrease in hepcidin values from the
first to the sixth day (52.2 ng/ml, IQ: 10.44-69.95 ng/ml).
This difference between early and late infections was sig-
nificant (p = 0.001).

Our results showed statistically higher values of hep-
cidin (median 128.05 ng/ml, IQ: 60.95-201 ng/ml) in the
group of neonates with CRP values over 100 mg/1 (high
risk of sepsis) compared to neonates with moderate (me-
dian 32.68 ng/ml, IQ: 24.69-43 ng/ml) and low (median
28 ng/ml, 1Q: 27.14-29.56 ng/ml) risk of sepsis according
to CRP (p =0.012).

DISCUSSION

Our study included neonates born after 37 weeks of gesta-
tion, average postnatal age 4.27 days in the group of neo-
nates with infection, or 3.21 days in the control group of
healthy neonates. Premature babies were not tested, due
to the underdevelopment of their immune system [15, 16].
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Although positive culture is the “golden standard” in the
diagnosis of infection, the percentage of positive culture re-
sults in different studies ranges 8-73% [17]. In our study, a
positive blood culture was obtained in 10.72% of neonates.
The frequency of positive urine cultures was 29.73%, and
there was only one case with a positive cerebrospinal fluid
culture (data not shown).

Prompt antibiotic therapy is required in order to pre-
vent the development of sepsis, but time required to obtain
culture results is at least 48 hours [18]. Due to the non-
specificity of clinical signs and long time to microbiologi-
cal results, acute phase reactants have great importance in
therapeutic decision. One widely used biomarker of neona-
tal infection is CRP. According to CRP values, all neonates
in the control group were without signs of inflammation,
while the mean level of CRP in the group of neonates with
infection was 65.5 mg/l. The mean level of procalcitonin in
the group of neonates with infection was 41.44 + 76.34 ng/
ml. In addition to these standard parameters of systemic
inflammatory response that are used in clinical practice, we
determined the values of hepcidin, an acute phase reactant
synthesized in the infection.

Studies in children have not provided a uniform refer-
ence range of hepcidin values. The median (interquartile
range) of hepcidin in the plasma of boys is 21.89 ng/mL
(16.5-51.7 ng/ml), and that of girls is 21.95 ng/ml
(19.2-47.7 ng/ml) [19]. The levels of hepcidin in cord
blood of term neonates (19.40 + 4.40 ng/ml) were simi-
lar to the values in preterm neonates (20.9 + 13.8 ng/ml)
[20]. In the study by Kulik-Rechberger et al. [21], hepcidin
values of healthy neonates on the third day of life were
66.79 £ 22.85 ng/ml. The median value of hepcidin in the
serum of preterm neonates who required erythrocyte trans-
fusions, in the study by Muller et al. [22] was 52.4 ng/ml,
about 30% lower than the hepcidin values detected in the
umbilical blood of term neonates in previous studies [23].
Lower hepcidin values in premature neonates are thought
to be the result of reduced iron reserves due to a shorter
gestation [22].

In their study, Koukoulas et al. [24] found significantly
increased hepcidin levels in patients with bacteremia on
day 0 and day 7, compared to healthy controls, and a sig-
nificant reduction of serum hepcidin after a seven-day
treatment. In a prospective study, Olinder et al. [25] have
shown that hepcidin values are significantly higher in sep-
tic than in non-septic patients.

In the study by Sherbiny et al. [26], hepcidin values in
the serum of premature neonates with late-onset sepsis
(288 + 81.3 ng/ml) were significantly higher compared to
the control group (66 + 12 ng/ml). They have also shown a
significant decrease of hepcidin (to 98.3 + 31 ng/ml) after
a seven-day antibiotic therapy to 98.3 + 31 ng/ml [26].

In their research, Wu et al. [27] found four times higher
hepcidin values in neonates with late-onset sepsis com-
pared to healthy neonates (26.8-67.7 ng/ml) and neonates
with infection who did not develop sepsis (5.3-89.8 ng/ml).
The results of the study by Cizmeci et al. [28] show el-
evated values of hepcidin in the umbilical cord blood of
neonates who developed early neonatal sepsis. Similar

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):670-675

results were obtained by Motalib et al. [5] among neonates
with early neonatal sepsis. Wu et al. [27] and Motalib et
al. [5] have also proven a significant correlation between
hepcidin and CRP. In the study by Delaby et al. [29] in
adult patients, subjects with CRP below 10 mg/dl had a
mean hepcidin values of 4.64 ng/ml, while those whose
CRP level was higher than 10 mg/d]l had a mean hepcidin
level of 55.85 ng/ml.

In our study, hepcidin values in neonates with infection
on the first day were not significantly different from hepci-
din values in healthy neonates. However, hepcidin values
in neonates with late infections were significantly higher
compared to neonates with early infections (p = 0.012). In
the group of neonates with early infections, hepcidin values
on the sixth day were significantly higher compared to the
values on the first day (p = 0.040). In contrast to this, in the
group of neonates with late infections, the values obtained
on the sixth day were significantly lower compared to the
tirst day (p=0.005). The values of hepcidin in neonates
with a high risk of sepsis according to the CRP value were
131.52 + 84.37 ng/ml, which was higher than the values
in the low- and moderate-risk group, indicating that the
severity and intensity of inflammatory response in severe
bacterial infections lead to a significant increase in hepci-
din, which is in line with other studies [5, 27, 29].

It remains questionable whether the observed differ-
ences in hepcidin values are a consequence of maturation
and a better response to various stimuli with increasing
postnatal age, or a consequence of the longer time from
the onset of infection to blood sampling for analysis, con-
sidering the fact that in our study the “older” neonates
were hospitalized from home, while neonates with early
infections had not been discharged and the signs of in-
fection were recognized earlier. According to our results,
early infection (from the first to the sixth day) is associated
with an increase in hepcidin levels, while late infections are
followed by a decrease in hepcidin. Thus, the relationship
between observed hepcidin levels and the time of infec-
tion recognition and blood sampling in our study appear
to be in agreement with the expected kinetics of hepcidin
synthesis during the inflammatory response.

Even though our study has certain limitations, due to
the small number of patients, the diversity of severity and
time of infection onset, based on the results obtained, we
summarized that hepcidin values are dependent on post-
natal age. The neonatal period is also characterized by nu-
merous changes in hematopoiesis and iron metabolism, in
which hepcidin plays a significant role.

CONCLUSION

According to our results, serum hepcidin may not be a
relevant marker of neonatal infection in the first 72 hours
of life. After six days of antibiotic therapy, all investigated
neonates had increased hepcidin levels, while their CRP
and procalcitonin levels were decreased. Despite the
significant increase in hepcidin found in neonates with
CRP above 100 mg/l, we conclude that hepcidin has no
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significant advantages as a tool to ascertain neonatal in-
fection compared to CRP and procalcitonin and could be
used only as an additional biomarker of serious neonatal
infections. Additional studies of hepcidin level alterations
are, however, clearly warranted, primarily in the healthy
neonates, and also under pathological conditions.
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Hepcidin as a biomarker of neonatal infections

XenuuauH Kao 6uomapkep HeoHaTanHUX UHEKUUja

Jenunua Mpepojesuh-Camapyuh'?, OparaHa Manuuh-3anuh'?, Xenummnp Epuh? lopaaHa lysnjan'?, Ceprej CamapLinh?

'YHuBep3utet y baroj Nyuy, MeguumHcku dakynteT, barba Jlyka, Penybnuka Cpncka, BocHa n XepuerosuHa;
YHnBep3UTETCKI KNUHUYKM LieHTap Penybnuke Cpnicke, barba Jlyka, Penybnuka Cpncka, bocHa 1 XepLeroBuHa;
*3aBog 3a TpaHcdy3ujcky mepnumHy Penybnike Cpncke, batba Jlyka, Peny6niuka Cpncka, bocHa 1 XepuerosuHa

CAXETAK

YBop/Llwmb HecneundryHoOCT KNMHUYKMX 3HaKOBa MHeKLmje
Kog, HoBopoheHuYaau Hanaxe PyTMHCKO oapehrBame cepym-
cKor H1Boa Ll-peakTnHor npotenHa (LIPI1) n npokanunuToHrHa
y uniby noTBpAe AujarHose. byayhu aa je xenumpanH peakTaHT
aKyTHe dase 3anasbeta, UWb Haler paga je 6uo ncnuratu
3Hayvaj ogpehmBarba xenuuarHa y AnjarHocTuLy HeoHaTan-
HUX UHbEeKUMja.

MeTopae MpocneKkTMBHIM cTyaujom obyxsaheHo je 71 TepMuH-
CKO HOBOpONheHue, 37 ca KINMHUYKAM 1 NabopaTopujcKiM 3Ha-
uMMa nHbeKLwje 6e3 fpyrix NaTONMOLWKMX CTakba U 34 3npaBa
HoBopoheHyeTa. Mocne cTaHfapaHe 6akTepronoLke obpage,
y Bpeme AnjarHo3e 1 HakoH LLeCT AaHa aHTMbKOoTCKe Teparnuje
oppehuBaHe cy BpejHOCTV NapameTapa y KOMMIETHOj KPBHOj
Cmum, cepymckmx Hueoa LIPM-a, npokanuuToHnHa 1 xenum-
AnHa.

Pesynrtatu Huje ytBpheHa pasnvka y cepyMcKoj BpefHoCTu
XenuuavHa namehy KoHTponHe rpyne (55,17 + 21,22 ng/ml) n
rpyne HosopoheHuagu ca nHdekumjom (59,72 + 59,7 ng/ml) y
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npBOM JaHy. BpegHocTn xenuuaguHa kog HoBopoheHyaau ca
nHeKumjom yHyTap 72 cata (30,2 ng/ml, 1Q: 25,9-39,9 ng/ml)
CTATUCTUYKIM CY 3HAYajHO HVXKE Y OAHOCY Ha BPeAHOCTH HO-
BopoheHYaaw ctapmje o 72 cata (82,20 ng/ml, 1Q: 39,7-128,1
ng/ml). HakoH LuecT faHa aHTUOMOTCKe Tepanuje BpeAHOCTY
XenuuaunHa Kog HoBopoheHuaam ca MHdEKLMjom y3pacTa Ao
72 caTa noKasyjy CTaTUCTYKM 3HavajaH pacT (36,68 ng/ml, IQ;
31,23-50,3 ng/ml). Bucoke BpepHocTy xenuuamHa (128,05 ng/ml;
1Q: 60,95-201 ng/ml) 3abenexxeHe cy camo Kof HoBopoheHuaau
ca LIPM-om npeko 100 mg/I.

3aksbyyak [lpema pe3yntaTMa Haller UCTPaXKmMBahba, ofpe-
hHuBare cepymcKor XxenuuarHa Kao MapKepa HeoHaTasHe WH-
dbeKumje HUje peneBaHTHO KOA HOBOpOTheHYaau ca MHdeKLuujom
[0 72 caTa MBOTa. HaKoH LwecT AaHa aHTMOMOTCKe Tepanuje
HoBopoheHua oBe rpyne cy pearoBasna nopacTom Xenuuam-
Ha, Npy YeMmy cy napanenHo ogpehusaHe BpegHocTy LIPM-a n
NMPOKaNUMTOHNHa NOKa3are 3HavyajaH nag.

KmbyuHe peun: HoBopoheHuas; nHdekumje; xenumany; LIPTT;
NPOKaNUUTOHUH
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SUMMARY

Introduction/Objective Age-related cataract is a significant cause of visual impairment worldwide.
Oxidative damage and the effects of free radical species are considered important in the etiopathogen-
esis of cataracts.

The aim of this study was to evaluate the antioxidative capacity and oxidative stress in the aqueous
humor (AH) according to age and cataracts maturity.

Methods Clinical and biochemical researches were carried out in 55 patients with age-related cataract.
According to the cataract maturity, patients were classified into incipient (cortical - group C, 18 patients;
nuclear - group N, 20 patients; mature — group M, 17 patients). In order to evaluate the impact of age
patients within each group were divided into Group | (65-69 years) and Group Il (70 > years). The an-
tioxidant activity of AH was measured by the reduction power method and the activity of glutathione
peroxidase (GPx) spectrophotometrically. Changes in the concentrations of hydroxyl and ascorbyl radicals
were detected by electron spin resonance spectroscopy.

Results Both reduction power and GPx activity were significantly (p < 0.001) reduced in group N com-
pared to group C and in group M compared to group N. Concentrations of hydroxyl (29.45 £ 1.01% in
group C, 38.12+ 1.29% in group N, and 74.14 + 2.52% in group M) and ascorbyl radicals (26.12 + 0.89% in
group C,41.15 + 1.39% in group N, and 83.56 + 2.84% in group M) increased significantly (p < 0.05) with
progression of age-related cataract. Significant negative correlation (r =-0.759, p < 0.05) was determined
between concentrations of HO- and content of GPx.

Conclusion Our research proved that the level of oxidative stress in the AH is significantly affected during
aging and cataract progression, The obtained data support the hypothesis that during aging, depending
on the maturity of the cataract, the antioxidant capacity in the AH decreases due to an increase in the
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INTRODUCTION

Age-related cataract is a common cause of vi-
sual impairment which can significantly reduce
patient’s quality of life. As the world’s popula-
tion ages, an increase in the number of patients
is expected. Knowing these facts, it is not sur-
prising that there is large number of researches
aimed at determining the cause and prevention
of this disease [1]. The pathophysiology of age-
related cataract is complex and still not fully
understood. Several risk factors such as diabe-
tes, malnutrition, diarrhea, poverty, sunlight,
smoking, hypertension, and renal failure are
associated with cataract formation [2]. Various
studies have gradually confirmed that reactive
oxidative species (ROS) play the most impor-
tant role in the etiology of cataract formation.
Opacification of the lens may be initiated by
photochemically or non-photochemically
oxidative damage [2]. The present hypothesis
considers oxidative stress (OxS) as an impor-
tant factor which can damage the crystalline
proteins, lipids, polysaccharides, and nucleic
acids during cataractogenesis [3].

By the nature of their functioning all aero-
bic organisms are continuously exposed to
oxidants, such as free radicals (superoxide an-
ion, hydroxyl, alkyl, peroxyl) and non-radical
species (hydrogen-peroxide, ozone, singlet
oxygen, organic peroxides). ROS levels are
normally controlled by intracellular antioxi-
dant defense mechanisms that include endog-
enous antioxidants such as enzyme systems
[superoxide dismutase, catalase, glutathione
peroxidase (GPx)], uric acid, bilirubin, gluta-
thione, coenzyme Q10. Also, the exogenous
antioxidants which include vitamin C, vitamin
E, carotenoids, polyphenolic compounds par-
ticipate in the stabilization and transformation
of ROS in the secondary level of protection [4].
Unfortunately, with aging oxidative damage in-
creases, antioxidant capacity decreases in the
lens and in the aqueous humor (AH) and the
efficiency of reparative systems become im-
paired. Such an imbalance in the organism is
called OxS, which is the cause or accompanying
factor in the pathology of many diseases [5].

The secretion of AH and the regulation of its
conventional and non-conventional pathway are
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physiologically important processes for normal eye function
and their antioxidant capacity reflects the degree of OxS in
the surrounding tissues [6]. Understanding the mechanisms
of cataractogenesis should bring a better therapy.

Conditions leading the excess hydrogen-peroxide
(H,0,) in AH may precipitate oxidative damage and cata-
ract formation. The oxidizing agent, H,O, is present in AH
at concentration of approximately 20-30 pmol and it is
reported to be raised (up to 660 umol) in patient with cata-
ract. Higher than normal levels of H,O, production in the
lens and/or AH could be via intraventricular, autoxidation
of ascorbic acid, GSH and 3-hydroxykynurenine. Protein
modifications linked with cataract could be the result of
a reaction of crystalline lens, with the hydroxyl radicals
(HOe), which derive from H,O, through the transition-
metal ion catalyzed Fenton reactions [7].

Several studies point out the possibility that one of the
main functions of high concentration of ascorbic acid (vi-
tamin C) in AH is to protect the lens and other surround-
ing tissues against the OxS induced by free radicals. In
addition, large concentrations of ascorbic acid in the AH
appear to provide significant protection against oxidative
insult, and this possibly explains the occurrence of a high
concentration of ascorbic acid in the AH [8]. Deprotonated
form of ascorbic acid (ascorbate) forms covalent bonds
with the crystalline lens, which reduces protein solubility
[9]. But in the presence of ROS, particularly H O, or HOs,
in the first and second one-oxidative reactions of ascorbic
acid, ascorbyl radical (ASCe) and then dehydroascorbic
acid it could be formed [10]. These reactions occur during
increased OxS when the mechanism for maintaining the
reduced form of ascorbic acid is compressed.

The difficulty in studying the role of free radicals in
human cataract formation is the inability to measure
directly these reactive species in the lens or AH in vivo.
Electron spin resonance (ESR) spectroscopy provides a
unique method to examine directly free radicals and it
gives information about the concentration and structure
of the radical centres surroundings. Owing to the unpaired
electron in the outer orbital, free radicals are paramagnetic
species and when present in sufficient quantity, are detect-
able and measurable by ESR spectroscopy [11, 12]. Kinetic
measurements and analysis the change in parameters of
ESR spectra (line shape, linewidth, line intensity and g-
factor) reflect important data about the reactions of free
radicals in the AH due to the fact the epithelial surface of
the lens is in contact with the aqueous fluid.

The purpose of this paper is to analyze parameters of OxS
by testing the redox power (RP) and enzyme antioxidant
power and formations of ascorbyl and HO« in the AH of pa-
tients with different age and maturity of age-related cataract.

METHODS
Chemicals and reagents

All chemicals and solvents were of the highest analytical
grade.5,5-dimethyl-1-pyroline-N-oxide (DMPO), Trolox,
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potassium ferricyanide and trichloroacetic acid were
purchased from Sigma Chemical Co. (Sigma-Aldrich, St
Louis, MO, USA). Ferric chloride was obtained from J.T.
Baker (Avantor Performance Materials B.V., Deventer, the
Natherlands) and sodium nitrite from LACH-NER (Lach-
Ner, Ltd., Neratovice, the Czech Republic). Total GPx assay
kit was from Helvetica Health Care Sarl, (Helvetica Health
Care Sarl, Geneva, Switzerland).

Patients

Clinical and biochemical researches were carried out in 55
patients (P1-P55) with age-related cataract. According to
the cataract maturity patients were classified into incipi-
ent (cortical - group C, 18 patients, nuclear — group N, 20
patients, and mature — group M, 17 patients). In order to
evaluate the impact of age patients within each group were
divided into Group I (65-69 years) and Group II (70 years).

Patients with other ophthalmic (glaucoma, uveitis, reti-
nal diseases, etc.) and systemic (diabetes, hyperlipemia,
immunological etc.) diseases that might have influence
on OxS were excluded.

Sample collection

The samples of the AH for analysis were taken immediately
before the start of surgical procedure (phacoemulsification
with intraocular lens implantation). All operations were
performed according to the principles of sepsis and anti-
sepsis. Through lateral limbal paracentesis from the space
of the anterior chamber 0.15-0.20 ml, of AH was aspirated
using a Gliss Wells cannula of 20 G. The amount of AH
taken was compensated with isotonic Ringer-lactate solu-
tion and the surgical procedure was continued as usual.

Biochemical analysis of reduction power

RP was determined by the method of adapted for a 96-well
microtiter plate [13]. Eppendorf tubes contained 75 pl of
sample solution or 75 pl of extractant (blank test), 75 pl of
Na-phosphate buffer, pH 6,6, and 75 pl of 1% potassium
ferricyanide. Incubation was performed at 50°C and then
75 ul of 10% trichloroacetic acid was added. After cen-
trifugation, 50 l of distilled water and 10 pl of 0.1% ferric
chloride were added to 50 pl of carefully separated super-
natant. The absorbance of the samples was measured at a
wavelength of 700 nm. A calibration curve was constructed
with Trolox, and the results were expressed as mmol Trolox
equivalents per ml of sample (mmolTE/ml).

Glutathione peroxidase activity assay

The activity of GPx was determined spectrophotometri-
cally (UV-1800 spectrophotometer, Shimadzu, Kyoto,
Japan). Total GPx assay kit provides a method of quan-
tifying the activity of GPx (U/ml) [14]. The oxidation of
NADPH to NADP* is monitored by a decrease in absor-
bance at 340 nm.
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Electron spin resonance detection of reactive
hydroxyl radicals

Based on the fact that HO» formed in Fenton’s model sys-
tem have a short lifetime (< 1 ms) and low concentration
(< 107 M), ESR spectroscopy is combined with the “spin-
trapping” method. This technique involves the addition-
type reaction of a short-lived radical with a paramagnetic
compound (spin-trap) to form a long-lived free radical
product (spin-adduct), which can then be studied using
ESR. In this work, DMPO was used as a spin trap, and the
concentration of the resulting 5,5 Dimethyl 1 Pyrroline 1
Oxide (DMPO-OH) is equivalent to the concentration of
HO. [12]. The system consisting of: 500 umol H,O,, 75
pmol FeCl,, 100 mmol DMPO (control sample). Data refer
to the ESR signal intensity of DMPO-OH detected in the
control sample defined as 1 (100%).

The influence of AH on the amounts of HOe trapped
by DMPO was studied by adding 20 pl AH to the control
system. ESR spectra were recorded with the following spec-
trometer settings: modulation amplitude 0.512 G, x-band
frequency 9.64 GHz, receiver gain 1 x 10* center field
3440.00 G, sweep width 100.00 G, time constant 81.92 ms,
conversion time 163.84 ms, power 20 mW.

The relative intensity of HO« (RI ) value of the sam-
ples was defined as:

RI, =100 x (h~h)/h, [%].

There h and h_are the height of the second peak in the
ESR spectrum of DMPO-OH spin-adduct of the control
sample and the probe (control sample with AH), respec-
tively.

Electron spin resonance detection of ascorbyl
radicals

ASCe in AH were directly measured by ESR
spectrometer with the same spectrometer set-

Brunet S. et al.

RESULTS

AH samples were obtained from 55 patients (P1-P55). The
mean age in Group I was 67.41 + 2.89, and 78.23 + 3.42
in group II. There was no significant difference in gender
and cataract type between Group I (nine cortical patients,
10 nuclear patients, and eight mature patients) and Group
II (nine cortical patients, 10 nuclear patients, and nine
mature patients).

Among our patients, a significantly (p < 0.001) high-
er concentration of RP was measured in AH of young-
er patients (Group I) with incipient cataract (C group
1.81 £ 0.07 mmolTE/ml; N group 0.76 + 0.04 mmolTE/
ml) compared to the mature (0.32 £ 0.08 mmolTE/ml)
cataract. In elderly patients (Group II) the antioxidant
status of AH decreases, what is the consequence that RP
value also decreases in patients with incipient (C group
1.02 + 0.04 mmolTE/ml; N group 0.66 £ 0.03 mmolTE/ml)
and especially in those with mature cataract (0.15 + 0.01
mmolTE/ml).

Analyzing the GPx activity in AH of patients with
cataract, our results showed that the GPx activity was sig-
nificantly reduced in the AH of patients with nuclear as
compared to the cortical cataract. Testing the difference,
depending on the maturity degree of the cataract, a signifi-
cantly lower activity of GPx were measured in the group
of patients with mature cataract in relation to the nuclear
cataract group. The mean value of GPx in AH of patients in
the Group II significant decreased on 2.81 £+ 0.13 U/ml in
C,1.72+£0.06 U/ml in N and 0.98 £ 0.03 U/ml in M group,
respectively, when compared with that of the patients from
Group I in all cataract maturity (Table 1).

Mean values of the percentage increase in the intensity
of the ESR signal of DMPO-OH spin-adduct and ASCe,
which indicates an increase in the concentration of hy-
droxyl and ascorbyl compared to the control sample, are
shown in Table 2.

Table 1. The levels of reducing power and glutathione peroxidase activity in the aqueous
humor of patients with age-related cataracts of different maturity

tings adjusted for the determination of HOe.

Statistical analysis

All analysis were run in triplicate and were
expressed as means + standard deviation
(SD). Statistical analyses were carried out
using Origin Pro 8.0 software (OriginLab
Corporation, Northampton, MA, USA).
Significant differences were calculated by
ANOVA and Tukey’s test (p < 0.05).

We certify that institutional regulations
concerning the ethical use of human volun-
teers were followed during this research. This
study was approved by the Human Subjects
Committee of the University of Novi Sad
(00-209, November 26, 2021) and it adheres
to the principles of the Helsinki Declaration.
Written informed consent was obtained from
all participants.

‘ DOI: https://doi.org/10.2298/SARH230619092B

Reducing power Glutathione peroxidase
Type of age-related (mmolTE/ml) (U/ml)
cataract Mean age (years)
6741+289 | 7823+342 | 6741 +£289 | 78.23£3.42
Cortical cataract (C group) 1.81+0.07¢ | 1.02+0.04* | 4.01+£0.14* | 2.81+£0.132
Nuclear cataract (N group) | 0.76 +£0.04° | 0.66 +0.03" | 2.15+0.07° | 1.72 +0.06°
Mature cataract (M group) 0.32+0.08° | 0.15+0.01¢ | 1.05+0.04¢ | 0.98 +0.03¢

The values are represented as mean * standard deviation; values sharing the same letters in the
same column are not significantly different from each other at the level p < 0.05

Table 2. Increase in the intensity of the electron spin resonance signal of hydroxyl (HO-)
and ascorbyl (ASC--) radicals in the aqueous humor of patients with age-related cataracts
of different maturity

Hydroxyl radical
—RIHO:- (%)

Ascorbyl radical
- RIASC- (%)

Mean age (years)
6741289 | 7823+342 | 67.41+289 | 7823+3.42
29.45+1.01° | 36.22 + 1.82* | 26.12 + 0.897 | 36.2 + 1.82°
38.12+1.29°|48.72+1.71°| 41.15 £ 1.39° | 58.75 + 2.06"
74.14 £2.52° | 85.50 £ 1.94 | 83.56 £ 2.84< | 90.65 + 2.96°

The values are represented as mean + standard deviation; values sharing the same letters in the
same column are not significantly different from each other at the level p < 0.05

Type of age-related
cataract

Cortical cataract (C group)
Nuclear cataract (N group)
Mature cataract (M group)
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Figure 1. Electron spin resonance (ESR) spectra of 5,5 Dimethyl 1 Pyr-
roline 1 Oxide spin-adduct: A - a) control sample; b) aqueous humor
of patient P15 with age-related cortical cataract; B — a) control sample;
b) aqueous humor of patient P31 with age-related nuclear cataract;
C - a) control sample; b) aqueous humor of patient P50 with age-
related mature cataract

Testing the differences, depending on the cataract ma-
turity, a significantly higher concentration of HOe« was
found in AH with the patients with mature cataract, and
the production of HOs increases during the process of
aging. The HOeconcentrations in AH of patients in the
65-69-year-old age group increased for 29.45 + 1.01% in
G, 38.12. £ 1.29% in N, and 74.14 + 2.52% in M group,
respectively. In patients from > 70 group, the intensity of
ESR signal increase is higher (36.22 + 1.82% in C, 48.72 +
1.71% in N, and 85.50 + 1.94% in M group), respectively.

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):676-683

In all 55 cases a typical ESR spectrum of DMPO-OH
spin-adduct, with four lines of relative intensities 1:2:2:1
and hyperfine splitting constant a = a,, = 14.9 G was ob-
served. Increase in the relative intensity of ESR signal of
DMPO-OH spin-adduct expressed in percentages rela-
tive to the control sample. The examples of ESR spectra
obtained in the AH of patient P15 with cortical cataract are
presented at Figure 1A. Figure 1B shows the ESR signal of
DMPO-OH spin-adduct detected in the AH of patient P31
diagnosed with nuclear cataract. The highest ESR signal
intensity of the DMPO-OH signal was registered in patient
P50 with mature cataract (Figure 1C). The mean values of
the percentage increase in the ESR signal of DMPO-OH
spin adducts are summarized in Figure 2.

100 -
N 065-69 year

@270 year ~:[7
80
70 A

60 -
50 A

40

il

Cortical cataract
(C group)

Increase the intensity of RI ESR signal *OH (%)

Mature cataract
(M group)

Nuclear cataract
(N group)
Type of age related cataract

Figure 2. Mean values of the percentage increase in the intensity of
the electron spin resonance signal of 5,5 Dimethyl 1 Pyrroline 1 Oxide
spin-adduct during the Fenton reaction in the presence of aqueous
humor of patients with age-related cataracts of different maturity
compared to the control sample

The ASCe concentrations in AH in the 65-69-year age
group increased by 26.12 + 0.89% in C, 41.15 + 1.39% in N,
and 83.56 * 2.84% in M group, respectively. In the group
of patients over 70 years old, the increase in the intensity
of the ESR signal of ASCe is much higher (36.20 + 1.82%
in C, 58.75 £ 2.06% in N, and 90.65 + 2.96% in M group),
respectively (Table 2).

The free radicals obtained directly in AH of patients
with cataract were characterized by ESR spectroscopy as a
simple doublet showing coupling constants of AH = 1.84 G.
According to literature data this can be assigned to an
ASCoe [12]. The unpaired electron in the structure of the
ASCe is located in the m-system that includes the tri-car-
bonyl group of ascorbates. Thermodynamically, it is rela-
tively unreactive with a one-electron reduction potential
of only +282 mV. The examples of typical ESR spectra
obtained in the AH of patients with cortical, nuclear, and
mature cataract, are presented at Figure 3A, 3B, and 3C.
The mean values of the percentage increase in the ESR
signal of ASCe are summarized in Figure 4.

The concentrations of HOe« were significantly positive-
ly correlated to the concentrations of ASCe (r = 0.8355;
p < 0.05) (Figure 5) in AH of patients with age-related
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Figure 3. Electron spin resonance (ESR) spectra of ascorbyl radical:
A - a) control sample; b) aqueous humor of patient P15 with age-
related cortical cataract; B — a) control sample; b) aqueous humor of
patient P31 with age-related nuclear cataract; C - a) control sample;
b) aqueous humor of patient P50 with age-related mature cataract

cataract while the activity of GPx significantly negatively
correlated with the increase in the concentration of HOe
(r=-0.7590; p < 0.05).

DISSCUSION

This study showed, that the level of oxidants and anti-
oxidants present in AH, in addition to the age of the pa-
tients, is also significantly influenced by the maturity of the
cataract. We emphasize on the GPx activity changes seen
in the AH of individuals with incipient cataract (cortical

‘ DOI: https://doi.org/10.2298/SARH230619092B
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Figure 4. Mean values of the percentage increase in the intensity of
the electron spin resonance (ESR) signal of ascorbyl radical obtained in
the presence of agueous humor of patients with age-related cataracts
of different maturity compared to the control sample
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Figure 5. Correlation between the concentrations of ascorbyl radical
and the concentrations of hydroxyl radical in aqueous humor of patient
with age-related cataracts of different maturity

group C, 18 patients; nuclear group N, 20 patients, and
mature cataract group M, 17 patients). Our results indicate
a significant reduction of GPx concentrations in patients
with nuclear cataract compared to the patients with corti-
cal cataract (Table 1). Chronic lens exposure to molecular
oxygen conditions the decline in the status of antioxidant
enzymes, which conditions the pathogenesis of nuclear
cataract [15]. This fact is responsible for increased OxS
that causes protein damage in the lens core, protein ag-
gregation, light scattering and loss of lens transparency.
Compounds with reducing ability, as electron donors,
break the chain of radical reactions by converting free radi-
cals into non-radical products. Since it is in close contact
with the cornea, anterior chamber, trabecular meshwork,
and lens, the RP capacity in the AH has an impact on their
health [16].

Changes in GPx activity could significantly impact
the steady state concentration of H,0,. H O, is typically
present in the AH and is harmful to cells. Although H,0,
is a vital part of many signal-transduction pathways, the
antioxidant enzymes catalase and GPx eliminate it when
its levels rise over healthy limits. Due of its capacity to
decrease both inorganic and organic peroxides, GPx may
have a higher level of oxidant homeostasis than catalase.
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Figure 6. Scheme of free radical/antioxidant imbalance in the aqueous humor of patients with age-related cataract

This could result in glutathione depletion because GPx
needs glutathione as a cofactor to remove H,O,. Ascorbic
acid metabolism depends on glutathione, and its depletion
results in ASCe that cannot be converted back into ascorbic
acid [17, 18]. Our findings support this theory, since OxS
brought on by elevated levels of free radicals decreases GPx
activity and RP (Table 1).

With the progression of age-related cataracts, from
incipient to mature, the capacity of the lens to stimulate
HOe production increases (Table 2) and dramatically
change antioxidant status of the AH.

Free translation of metal ions and iron complexes in
hemoglobin, myoglobin, lactoferrin, and transferrin
may catalyze a variety of pathogenic processes [19]. The
concentration of iron and copper ions is lower in lenses
without cataracts, while the increase in their concentra-
tion affects the increase in the production of HOe. In
vitro systems have been used extensively to study their
capacity for creating HO» through the Fenton reaction
(H,0, + M®Y*5 HO* + HO™ + Mn™). This suggests that
HOe damage plays a role in the development of age-relat-
ed cataract [20]. Also, oxidation of lipoprotein increase
[21], while copper-zinc superoxide dismutase activities
decreases due to the accelerated generation of ROS, espe-
cially HOe.. When enzyme activities are lost or diminished,
H,0, and free radicals can cause the lens to irreversibly
degrade, including a decrease in Na-K ATPase activity [22].

In this work, we examined the direct generation of HOe
in AH at different stages of cataract severity. Our results
direct evidence that the largest concentration of HOe de-
tected. In all patients with age-related cataract (C, N, and
M group) Increase in the concentration of HOe« in AH
causes the process of oxidation (Figure 2).

During aging, the content of ascorbic acid decline and
their transport into the ocular humor is difficult. ASCe,
which have minimal reactivity, are created when ascorbic
acid reacts with oxygen radicals. In a nutshell, an increase
in OxS is correlated with an increase in ASCe concentra-
tion. In brief, an increase in ASCe concentration correlates
with an increase in OxS.
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Several factors need to be considered in order to un-
derstand the biochemical mechanisms that may underlie
this observation. The reaction of ascorbate monoanion
(AscH") with superoxide anion radical leads to the forma-
tion of ASCe (AscH™). But the reactivity of the superoxide
anion is insufficient to explain the damage observed in
biological systems. However, many of the harmful effects of
superoxide anion are indirect and result from its chemical
transformation into a HOe. Because of that we investigated
the presence of HO» in AH of patients with age-related
cataract incipient (groups C and N) and mature (Table
2, Figure 4). HO» is a potent oxidizing agent with very
high-rate constants (10°-10'"° M™' s™') for H-abstraction
on this reaction HOe + AscH™ > Asc+H,0. Additionally,
as a cataract develops, the loss of ascorbic acid pathways
through ROS and oxidized metals (Cu®* or Fe**) reactions
are potentially conceivable [23]. All proposed mechanisms
produce ASCe which form dehydroascorbic acid as an end
product of oxidation. Based on this, a hypothetical model
of free radicals in the AH of patients with age-related cata-
ract based on the results of the current study was con-
structed (Figure 6).

Lipid peroxidation has been proposed as a causative fac-
tor of cataract, which will be the subject of our next inves-
tigations and also further study is needed to establish some
other free radicals which is included into the pathogenesis
of age-related cataract. Although this study is limited by
small sample size, the results show that the majority of
AH OxS markers can be connected to the maturity stage
of age-related cataract.

CONCLUSION

The AH protects the inner parts of the eye against the dam-
aging effect of reactive oxygen species generated by them.
This is possible due to the effective antioxidant protective
mechanisms. According to our results, the RP and GPx
activity concentrations were significantly reduced, while
the intensities of ESR signals of HOes and ASCe increase

www.srpskiarhiv.rs ‘

681



682

during the aging process and depend on the maturity of the
cataract. AH OxS markers and antioxidants are believed
to mirror the intrinsic oxidant/antioxidant balance of the
surrounding eye tissues. The presented results suggest that
the maturity of cataract should be taken into account in
biochemical studies of ocular OxS.
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AHTUOKCUAAHTU M CNOBOAHM PaaUKanK Y OYHOj BOAMLM 6ONECHUKA Ca CEHUTHOM

KaTapaKTom

CredaH bpyHet'?, Hukona babuh'? Coduja Jasuposuh'?, Anekcangap Musbkosuh'? Hukona Knesw? Bnagummp YaHagaHosuh '3
'YHVBEP3NTETCKM KNMHYKM LieHTap BojeoguHe, OuHa kniHuka, Hosu Cag, Cpbuja;

2Ynneep3uTet y HoBom Cagy, MeguuuHckm dpakyntet, Hosu Cag, Cpbuja;

*Akagemuja MeaMLMHCKIX Hayka Cprickor nekapckor apyLwTsa, beorpag, Cpbuja

CAMETAK

YBoa/Lumb CeHnnHa KaTapakTa je jefiaH of Hajuewhux y3poka
owTehera Buaa WwWnpom ceeta. OKcmaaTriBHa owTehersa 1 co-
60AHM pafiKanu 3HauyajHoO YTyUy Ha ETVOMATOreHe3y KaTapaKTe.
Linm oBor nctpaxuBatba je 61o ogpehuBatbe aHTMOKCMAA-
TVBHOT KanauuTeTa 1 OKCUAATVBHOT CTPeca y OYHOj BOAMLM
nauvjeHata y OfHOCY Ha CTapoCHY A06 11 3peniocT KaTapakKTe.
MeTtoge KnvHuuka 1 6rioxemujcka MCNTUBakba Cy CNpOBeeHa
KoA 55 maupjeHaTa ca ceHMIHOM KaTapakTom. lMpema cteneny
3penocTy KaTapaKkTe, CBU NaLyjeHTU Cy NOAE/bEHN Y MHLMMN-
€HTHe rpyne (KopTrkanHa — rpyna C, 18 6onecHuKa; HykneapHa
- rpyna N, 20 6onecHvKa 1 3pena — rpyna M, 17 6onecHuKa).
Y ofHOCy Ha cTapocHy o6 dopmupaHe cy ABe rpyne: [pyna
| (65-69 roguHa) n Fpyna Il (70 = rogrHa). AHTOKCUAATMBHA
AKTMBHOCT Yy OYHOj BOAMULIM je MepeHa MeTOAOM peayKLMoHe
CMOCOBHOCTY 1 aKTUBHOCTM EH3MMa Iy TaTVOH-NepoKCuaaze
(GPx). MpomeHe KOHLieHTpaLvja XUAPOKCUTHIX U aCKOPOUITHIX
paguKana ieTeKToBaHe Cy eIeKTPOHCKOM CMMHaNHOM pe3o-
HaHTHOM CMEKTPOCKOMUjOM.
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Pesyntatu PegyKuyoHa cnocobHOCT 1 GPX akTUBHOCT Cy CTa-
TUCTUYKM 3HaYajHO CMatkbeHe (p < 0,001) y rpynu N'y nopeherby
ca rpynom C ny rpynu M y nopehetby ca rpynom N. KoHueH-
Tpauwje XuapokcuinHmx (29,45 £ 1,01%y C, 38,12 + 1,29% y N
174,14 +2,52% y rpynu M) n ackopbunHux pagukana (26,12
+0,89%yC 41,15+ 1,39%y N n 83,56 £ 2,84% y M) 3HauajHO
cy nopacne (p < 0,05) ca nporpecujom KatapakTe 1 CTapOCHOM
[06m 6onecHuKa. YTBpheHa je 3HauyajHa HeraTMBHa Kopenauuja
(r=-0,759, p < 0,05) n3mehy KOHLEHTpaLWje XUAPOKCUIHNX
pagvkana n cagpxaja GPx.

3ak/byyvak Halue nctpaxuBarbe je foKa3ano Aa Ha HUBO OK-
CUAATMBHOT CTPeca y O4YHOj BOAWLIM NOPeA CTapoCTX 3HaYajHO
yTuYe 1 CTeneH 3penocTu KatapakTe. [lobujeHn nogawm no-
AprKaBajy XxvmnoTe3y Aa ce TOKOM CTapema, Y 3aBUCHOCTY Of
3penocTun KatapakTe y O4HOj BOAMULIM, aHTUOKCULATUBHM Kana-
umTeT cMakbyje ycnen noseharba KOHLEeHTpaLuje peakTUBHIX
XUAPOKCUIHNX paAmnKana.

KrbyuHe peun: kKatapakTa; aHTVOKCUMATUBHW EH3MM; XUAPOK-
CUITHW pajuKan; ackopbunHu pagukan
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Depression and distress in couples with infertility
— Who suffers more?
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SUMMARY

Introduction/Objective Infertility is the inability to achieve pregnancy after a year or more of unpro-
tected sexual intercourse. It is a clinical and social issue affecting both sexes. Infertility can cause anxiety,
depression, and personal distress with long-lasting consequences. Men and women tend to cope with
infertility in different ways and reliance on certain coping mechanisms can be harmful.

This study aims to examine the correlative effects of infertility, distress and depression among couples,
and investigate sex disparities in levels of suffering.

Methods The research is a cross-sectional study that included 168 participants (84 couples) divided into
two groups, control and infertility group. Beck Depression Inventory Second Edition (BDI-II) and the Brief
Symptom Inventory (BSI) were used to identify and assess psychological symptomes. Statistical analysis
was performed using SPSS at the 0.05 level of significance.

Results The results showed that there was a significant difference in the scores on BDI and BSI scales
between the infertile and fertile groups, with participants in the infertile group reporting higher levels
of depression and distress (t =-2.724, df = 166, p < 0.01; t =-3.609, df = 166, p < 0.01). Women had sig-
nificantly higher scores on the depression scale than men (t =-2.079, df = 166, p < 0.05).

Conclusion In summary, the study found that couples dealing with infertility experience higher levels
of distress and depression compared to the control group. Women in these couples are particularly
vulnerable to depression. The study highlights the importance of addressing the mental health needs
of individuals and couples dealing with infertility, in addition to treating the underlying medical issues.
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INTRODUCTION

In the 11th revision of the International
Classification of Diseases (ICD-11) infertility
is defined as a disease of the male or female
reproductive system defined by the inability
to achieve pregnancy after 12 months or more
of regular unprotected sexual intercourse [1].
So far it remains a comprehensive health issue
which affects millions of people of childbearing
age. Despite efforts to address this worldwide
problem, infertility continues to rise in many
countries, regardless of the socio-demograph-
ic index [2]. It remains a significant personal,
clinical, and social issue that affects both men
and women globally.

Infertility is a complex issue with numerous
factors contributing to its development. These
factors can be classified into four standard cat-
egories: female factors, male factors, combined
causes, and unexplained infertility. Psychological
factors and fertility difficulties have reciprocal
cause-effect relationships, potentially leading
to devastating effects on one’s mental wellbe-
ing. In addition to being classified as a disease,
infertility is often viewed as an inability to ful-
fill a biological and social role of producing

offspring, particularly in traditional societies
where it is seen as a significant responsibility
for both men and women. These social expec-
tations can be distressing and create restlessness,
which can lead to various mental health issues
[3]. Furthermore, infertility as a health issue,
coupled with the various forms of therapy that
infertile couples frequently undergo, often re-
sulting in a series of failures, can cause couples
to constantly fluctuate between confidence and
hopelessness, which creates conditions for stress
to develop. Higher levels of personal distress and
lower quality of life that can emerge as conse-
quence of such events represent a risk factor for
post-traumatic stress disorder [4]. Approaching
infertility and its treatment in an emotionally
unstable state, whether it originates from before
infertility awareness or from the infertility itself,
can increase the likelihood of giving up, feeling
defeated, and being unwilling to continue pursu-
ing the goal of conceiving, ultimately leading to a
lack of endurance in the infertility management
process [5]. These findings emphasize the crucial
role of mental health in individuals struggling
with infertility.

Studies have demonstrated that men and
women tend to cope with infertility as a life-
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crisis moment in different ways [6, 7]. While coping mech-
anisms are essential in managing stress they can be inad-
equate and even exacerbate it [8]. One study found that
women tend to rely on escape/avoidance strategies, while
men tend to prefer distancing and planful problem-solving.
The study also revealed a correlation between the use of
escape/avoidance as a coping mechanism and higher lev-
els of reported stress in individuals [9]. This suggests that
relying on such strategies may be potentially harmful and
unhelpful in overcoming infertility-related psychological
difficulties. These findings and correlations are beneficial
in understanding fundamental differences between men
and women in terms of approaching infertility as a disease,
perceiving it as an incompetence, and acknowledging po-
tential discrepancies in stress levels and emotional despair
between sexes.

Distress and emotional instability can create a vicious
circle with infertility, leading to changes in reproductive
function [10]. Being unable to fulfill the biological and
social role of providing a progeny despite a desire to do so
can result in frustration, a life crisis, emotional disequilib-
rium and social stigma [11]. Although the social compo-
nent is typically emphasized in conservative and develop-
ing countries, the impact of infertility on mental health is
observed in developed countries as well [12]. Infertility is a
multidimensional stressor that causes anxiety, depression,
and personal distress, and its consequences can be long-
lasting, even after achieving parenthood [13].

As mentioned earlier, psychological factors and fertility
difficulties have a reciprocal cause-effect relationship, with
significant effects on mental health. Therefore, the aim of
this study was to examine the correlative effects of infertil-
ity, distress, and depression among couples with infertility.
Moreover, given the differences in the way sexes cope with
this disability and overcome stress, we aim to investigate
whether there is a disparity in levels of suffering between
men and women.

METHODS
Participants

In order to conduct this study, we formed the sample that
included 168 participants (84 couples). The participants
were divided into two groups: (a) infertile group (in-
dex group, N = 84) and (b) fertile group (control group,
N = 84). The infertile group comprised 42 couples, who
were patients at the Clinic of Urology, University Clinical
Centre of Serbia. All couples have been trying to achieve
pregnancy for at least 12 months before starting their in-
fertility related examinations. Male patients, married or in
an extramarital union, came with their female partners to
examine the cause of infertility. Female reasons of infertil-
ity were not yet excluded. The examination involved semen
analysis, which was free at the time. All infertile couples
that have undergone a test during 2013. were included,
regardless of their fertility testing results. When it comes
to the fertile group, it consisted of couples with children.
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They were selected randomly in the kindergarten institu-
tion. Couples from infertile and control groups were not
matched according to socio-demographic characteristics.

Procedures and measures

The research was designed as a cross-sectional study.
Before joining the research, all respondents were ac-
quainted in detail with the course and significance of the
research, as well as their role, obligations, and rights. In
accordance with the above, the participants have signed
an informed consent to participate in the research before
starting the research process.

Data on the participants’ age, sex, and marital status
were obtained through a brief structured socio-demo-
graphic questionnaire.

To identify and assess depressive symptoms, we used
The Beck Depression Inventory Second Edition (BDI-
IT) [14]. It contains a 21-item self-report instrument
that intends to assess the presence and severity of symp-
toms of depression as listed in the American Psychiatric
Association's Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-1V). Each of the 21 items,
that correspond to a symptom of depression, is summed
to give a single score for the BDI-II. There is a four-point
Likert-type scale for each item, ranging from 0 to 3. On
two items (16th and 18th) there are seven options to in-
dicate an increase or decrease of appetite and sleep. Cut
score guidelines for the BDI-II are given with the recom-
mendation that thresholds can be adjusted based on the
characteristics of the sample and the purpose of the use
of the BDI-II. Total score of 0-13 is considered minimal
range, 14-19 mild, 20-28 moderate, and 29-63 is severe.

To identify self-reported clinically relevant psycho-
logical symptoms among participants, we used The Brief
Symptom Inventory (BSI) [15]. It consists of 53 items cov-
ering nine symptom dimensions: Somatization, Obsession-
Compulsion, Interpersonal Sensitivity, Depression,
Anxiety, Hostility, Phobic anxiety, Paranoid ideation, and
Psychoticism; and three global indices of distress: Global
Severity Index, Positive Symptom Distress Index and
Positive Symptom Total. The global indices measure cur-
rent or past level of symptomatology, intensity of symp-
toms, and number of reported symptoms, respectively.
Respondents rank each feeling item (e.g., “your feelings
being easily hurt”) on a five-point scale ranging from zero
(not at all) to four (extremely). Rankings characterize the
intensity of distress during the past seven days.

The research was conducted according the principles
of good scientific practice with the approval of the Ethics
Committee of the University Clinical Centre of Serbia (No.
1040/29) while all obtained data are kept confidential.

Statistical analysis

The obtained data was imputed into IBM SPSS Statistics
for Windows, Version 22.0. (IBM Corp., Armonk, NY,
USA). Descriptive statistics indicators, that is, measures

of central tendency [arithmetic mean (X)] and measures
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of variability [standard deviation (SD)] were used to ana-
lyze socio-demographic characteristics of participants. For
turther data processing we conducted analysis of variance,
multiple regression, T test and correlations. Analysis was
done on the level of significance (a level) 0.05.

RESULTS

The findings of the data collected from the participants
can be summarized under two sections: results showing
differences between the two groups - infertile and fertile
(A) and results showing the sex differences (B).

Our sample included 168 participants (84 couples),
adults, aged 20-46 years ((X = 35.23, sd = 4.974).

Results showing differences between infertile and fertile
groups indicate a significant difference in the scores on
BSI and BDI scales (p < 0.05). T test for independent sam-
ples, which tested difference between these groups, shows
significant relation of BSI and BDI scores with infertile
group (t = -2.724, df = 166, p < 0.01; t = -3.609, df = 166,
p < 0.01). These results show that participants form the
infertile group have higher levels of depression and distress
compared to the control group (Figure 1, Table 1).

Results showing the sex differences indicate that women
have statistically significantly higher scores on the depres-
sion scale compared to men. T test for independent sam-
ples which tested difference between sexes shows higher
BDI scores among females (t = -2.079, df = 166, p < 0.05).
Our results show that females cope with depression of
higher intensity, compared to the male population of our
sample (Figure 2).

DISCUSSION

A cross-sectional study was conducted to investigate the
prevalence of mental health issues, specifically depression
and distress, among patients facing infertility. Additionally,
the study aimed to explore potential sex differences in de-
pression and distress rates. Given the growing increase in
infertility, this research provided critical insights to better
understand the risks and consequences associated with this
condition. The results of the study revealed significantly
higher levels of both depression and distress among partici-
pants in the infertile group compared to the group of fertile
couples. Moreover, the results indicated higher scores on
the depression scale among women in the infertile group.

Our study observed higher rates of depression and dis-
tress in individuals experiencing infertility. Such findings
are well-documented and can be attributed to the signifi-
cant stress associated with the inability to conceive chil-
dren [16]. However, it is important to acknowledge that the
psychological burden experienced by infertile individuals
extends beyond just the physical aspects of their condi-
tion. Some studies showed that social stigma surrounding
infertility can further exacerbate mental health issues [11]
resulting in a deepening of psychological distress associ-
ated with the disease.

‘ DOI: https://doi.org/10.2298/SARH230601110P
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Table 1. Descriptive statistics results for Brief Symptom Inventory (BSI)
and Beck Depression Inventory (BDI) scales results

Scale Group N Mean S.td', Sid et
deviation mean
control 84 21.7262 20.94994 2.28583
BSI_total | —
infertility | 84 32.7738 30.71178 3.35093
control 84 41548 3.88849 0.42427
BDI_total —
infertility | 84 7.2381 6.79762 0.74168
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Figure 1. Graphic display of Brief Symptom Inventory (BSI) and Beck
Depression Inventory (BDI) scores in the control and the infertility
group
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Figure 2. Graphic display of Brief Symptom Inventory (BSI) and Beck
Depression Inventory (BDI) scores among males and females in the
infertility group

Depression is one of the most common mental health
issues worldwide and significantly impacts an individuals
everyday functioning and quality of life. Among individu-
als experiencing infertility, studies have reported higher
depression levels, even comparable to those of patients
diagnosed with cancer, highlighting the severity of the
psychiatric consequences associated with infertility [17].
This emphasizes the importance of prioritizing mental
health when providing healthcare to individuals and cou-
ples experiencing infertility. Our findings are consistent
with numerous previous studies, which have demonstrated
that the inability to achieve parenthood leads to depressive
symptoms [18, 19].

These findings are understandable, given the lower
self-esteem, sexual performance, and confidence reported
by infertile men compared to control groups, as well as
negative effects on women's self-esteem and sexual activity
[20, 21]. In fact, a study examining communication among
women with infertility revealed that many women discuss
infertility only with close family and friends, and that 7%

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):684-688
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of these women were unable to discuss the issue with their
spouse [22]. Moreover, infertility-related stigma plays an
important role in marital distress in infertile women which
contributes to marital communication difficulties leading
to worsening of mental health issues [23].

Most studies examining the link between mental health
and infertility have focused primarily on women’s health.
For example, a prospective study involving 416 women
with infertility revealed that the more depressed an infer-
tile woman is, the less likely she is to begin infertility treat-
ment, and the more likely she is to drop out after only one
cycle [5]. These findings underscore the extent to which
infertility and mental health are inextricably intertwined.
Researchers have also demonstrated that discontinuation
of treatment is most often due to psychological reasons,
despite a good prognosis and adequate financial resources
to pay for treatment [24]. Moreover, numerous studies have
highlighted the impact of mental health on treatment out-
comes, with lower pregnancy rates observed in women
who are more distressed prior to and during treatment
(25, 26].

Our study showed that females are more prone to de-
pressive symptoms compared to men in infertile couples.
Palomba et al. [27] examined the influence of stress and
quality of life on female fertility and found that distress-
mediated symptoms of infertility affect more women than
man, which stands in agreement with our findings. In their
study, findings were related to lifestyle choices, more pre-
cisely due to focusing on career, education, and waiting for
the right moment of motherhood [27].

Recent findings also indicate that, even though this
disability affects both sexes, women are more strongly af-
fected by this disability compared to men due to higher
social stigma [28, 29]. A recent review conducted by Xie
et al. [30], that included numerous studies regarding so-
cial stigma in infertility, emphasized that women are more
prone to distress and psychological burden of infertility
stigma compared to men. Moreover, a sex difference for
this variable can as well be explained by the fact that men
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Jenpecuja u cTpec Koa naposa ca UHGEPTUAUTETOM — KO NaTu BULe?

bojaHa Mejywkosuh'? Onusep Towwkosuh®, Munnua MeaHnwesnh?, Mapuja Jlepo', Otaw [ypyTosuh?*
"MHCcTUTYT 33 MeHTanHO 3apaBsbe, KNHNYKO ofierbetbe 3a KpK3Ha CTakba 1 adekTuBHe nopemehaje, beorpag, Cpbuja;

Ynusep3utet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;
*Ynuepautet y beorpaay, Dunosodcku pakyntet, beorpag, Cpbuja;

*YHMBep3UTETCKN KNUHWYKK LeHTap Cpbuje, KnuHuka 3a yponorujy, Beorpag, Cpbuja

CAXETAK

YBoa/Lwnb NHdepTunuteT npesctaB/ba HeMoryhHOCT ocTtBapu-
Batba TPyAHONe nocne roanHy fjaHa He3alTUReHNX ceKCyanHmx
opHoca. OBaj KNMHWYKKM 1 colyonoLwKy npobnem noraha oba
nona. HennogHOCT MoXe AOBECTU A0 aHKCMO3HOCTY, Aenpecuje
1 AMcTpeca ca fyropoyHmm nocneguuama. Mywkapum v xeHe
Ce YecTo Apyrauvje cyoyasajy ca OBUM NpobnemMom, a ocna-
tbatbe Ha U3BECHE MeXaHW3Me OfbpaHe MOXe BUTU LITETHO.
Linrb oBe cTyauje 6o je ncnutrBame Mehy3aBrnCHUX ofHOCa
HennofHoCTW, Aenpecuje n JUCTpeca, Kao U NCNUTUBatbe pa-
3N11Ke Mehy nonoBMMma y HUBOY MaThe y3pOKOBaHe HeMof-
Howhy.

Metope CnpoBefeHa je CTyAnja MpeceKka Koja je ykibyumBana
164 yuecHuKa (84 napa) nogesbeHa y ABe rpyne — KOHTPOJSHY U
rpyny ca uHgepTuanTeTOM. 3a AeTEKLMjY 1 NPOLIEHY NCUXOJIO-
LWKKX cmnToMa KopuwwheHw cy apyra Bep3uja bekoBor MHBEH-
Tapa fenpecvBHocTY (eHr. Beck Depression Inventory (BDI-II)) n
KpaTtkn nHBeHTap cumntoma (eHr. The Brief Symptom Inventory

DOI: https://doi.org/10.2298/SARH230601110P

(BSD). CTaTucTyKa aHanm3a BpLUEHa je y CTaTUCTUUKOM Cod-
TBepy SPSS Ha HuBoy 3HauajHocTm 0,05.

Pesyntatu Pe3yntaTti cy nokasanu ja noctoju CTaTuCTUYKY
3HayajHa pa3sfuka y ckopoBuMa Ha BDI v BSI ckanu nsmehyy fse
UCnuTMBaHe rpyne, rae HeMaoAHU NapoBY NpUjaBIbyjy BuLLE
HVBOE Jenpecuje n guctpeca (t =-2,724, df = 166, p < 0,01;
t=-3,609, df =166, p < 0,01). Mehy HennoAHNM NapoBMMa, *keHe
Cy YMasie BULLEe HBOE Aenpecnje of MylwKapaua (t =-2,079,
df =166, p < 0,05).

3akmyuak Cryauja je nokasana fa UHGepTUAHN NapoBY NMa-
jy 3HauajHoO BULLE HVBOE fenpecuje 1 AUCTPeca Of napoBa 13
KOHTPOJIHe rpyne. HapounTo cy NofnoXHe Aenpecujy XeHe 13
rpyne naposa ca uHdeptunmuteTom. CTyamja nokasyje 3Hauaj
npoLeHe 1 oAp>KaBarba MEHTAHOT 34paB/ba KO HeMIOogHNX
napoBa y Lnsby Neyetba camor uHepTuanTeTa.

KmbyuHe peun: uHGepTUnnTeT; Aenpecyja; CTPeC; MyLIKW NOJT;
XKEHCKM non
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SUMMARY

Introduction/Objective Heel deformity accompanied by pain at the attachment of the Achilles tendon
is generally known as Haglund's syndrome. The prominence of the posterosuperior part of the heel bone
generates pressure on the retrocalcaneal bursa and Achilles tendon, causing swelling and pain. The
condition itself can be treated using surgical or non-surgical methods. The aim was to present our first
experiences in the endoscopic treatment of Haglund's syndrome, employing the three-portal technique.
Methods This study includes ten patients whose surgeries were performed during the period between
January 2019, and May 2020. All interventions were endoscopic with the three-portal technique used.
The diagnosis was made based on the anamnesis, clinical examination, X-rays, and magnetic resonance
imaging diagnostics. For the evaluation of results, the AOFAS (American Orthopedic Foot and Ankle
Society) score was used.

Results The endoscopic findings in all patients revealed a hypertrophic retrocalcaneal bursa and promi-
nence at the posterosuperior part of the calcaneus, generating pressure on the Achilles tendon. By em-
ploying the three-portal technique, considerably better visualization is obtained, enabling easy removal
of the degenerated tissue. The radiographic control image was satisfactory. The result of the AOFAS score
showed a significant improvement after the surgery.

Conclusion The endoscopic approach and the use of the three-portal technique in resolving Haglund's
syndrome is a secure procedure that produces good results. It enables faster recovery and fewer com-

plications compared to open surgery.

Keywords: endoscopic calcaneoplasty; calcaneus; Haglund’s syndrome; retrocalcaneal bursitis

INTRODUCTION

Haglund’s syndrome is the condition accompa-
nied by a pain at the backside of the heel;-and
by a deformity of the heel bone at the place of
Achilles tendon. The condition was first de-
scribed by Haglund in 1928 [1]. The “pump-
bump” deformity of the calcaneus, occurring as a
prominence of the posterosuperior part in front
of the Achilles tendon attachment, generates
the pressure on the surrounding retrocalcaneal
bursa and Achilles tendon. Over time, this re-
sults in the retrocalcaneal bursa growth and the
tendon damage. The pain most often occurs at
the beginning of movement after a period of rest,
and is related to the use of tight footwear too.
The pain is caused by the pressure around the
Achilles tendon attachment, as well as the dorsi-
flexion of the foot. There are numerous theories
to explain the etiology of this condition: use of
tight footwear, overload while running, heredi-
tary factors, and disturbed biomechanics of the
subtalar joint [2]. Various types of non-surgical
and surgical treatment are applied for this condi-
tion. Non-operative treatment includes: wear-
ing wide shoes, heel lifts, stretching exercises,
physical procedures, and the local application
of corticosteroid injections [3]. If conservative

treatment does not provide good results after
six months, a surgical approach is considered
[4]. The goal of the surgical treatment is to re-
move the heel bone lump that causes the pres-
sure, as well as the altered retrocalcaneal bursa.
The two common methods of surgical treatment
today — open surgery and endoscopy. Corrective
osteotomy of the heel bone is described in the
literature, aiming at changing the angle of the
Achilles tendon attachment, thereby releasing
the pressure on the tendon [5]. Open surgery
is widespread and there are numerous papers
with good postoperative results [6, 7]. However,
the endoscopic treatment has its advantages as it
provides faster recovery with lower rate of surgi-
cal wounds complications, and it is increasingly
the method of choice [8, 9].

This paper aims to present our first experi-
ences in the endoscopic treatment of Haglund’s
syndrome utilizing the three-portal technique.

METHODS

In the period between January 2019 and May
2020, 10 endoscopic surgeries of remodeling
the heel bone with the retrocalcaneal bursa
resection were performed. The study involved
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Figure 2. a - Posterolateral proximal portal and posterolateral distal portal used during
the endoscopy; b - retrocalcaneal bursa; ¢ — Achilles tendon and Haglund’s deformity;

Figure 1. X-ray of Haglund’s bone deformity

six men and four women of an average age of 37 years
(25-66 years). All patients had suffered from the condition
for more than 12 months (12-26 months) and had been
treated by non-surgical methods before.

The diagnosis was confirmed by anamnestic data, clini-
cal examination, X-ray, and magnetic resonance imaging.
The anamnesis stated the presence of pain at the back of
the heel, related to tight footwear and prolonged walking,
especially uphill. There was a lump in the region of Achilles
tendon attachment, accompanied by pain on pressure in
front of the tendon’s insertion point. The foot dorsiflexion
was very painful.

In all patients, significant prominence at the postero-
superior part of the heel bone was presented on a lateral
X-ray, although the parallel pitch lines sign was not always

Calcaneus

W

d - heel bone at the place of resected deformity
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positive (Figure 1) [10]. Magnetic resonance imaging was
taken in several patients and showed the heel bone defor-
mity and a hypertrophic retrocalcaneal bursa with signs of
initial degenerative changes of the Achilles tendon.

The study did not include patients with the Achilles
tendon calcification, its partial; or full rupture, pes cavus
and valgus foot deformity, or rheumatic diseases, as well as
patients who had previous surgery in this region.

The AOFAS score was used to evaluate the functional
results. The patients were tested before and six months
after surgery [11]. The difference was statistically analyzed
by Wilcoxon signed-rank test using. Statistical analysis was
performed using IBM SPSS Statistics for Windows, Version
28.0 (IBM Corp., Armonk, NY, USA).

Surgical technique

All the surgeries were performed under general anesthesia,
with the patient in a prone position. Initially, an X-ray was
performed to check the position and degree of resection,
later this was done only at the end of the operation. The
instruments used included the 4 mm arthroscope with a
30° angle and a set of knee arthroscopy instruments. The
three-portal technique was used: the posterolateral distal
portal (DPLP), the posteromedial distal portal (DPMP),
and the posterolateral proximal portal (PPLP) (Figure 2a)
[12]. The PPLP was used for visualization, and the two oth-
ers were working portals. After opening the portals, the first
tissue in sight is a hypertrophic retrocalcaneal bursa, which
is being removed by a shaver after (Figure 2b). Further on,
there is a clear insight of the heel bone with a prominence
at the posterosuperior part, as well as the Achilles tendon
with its attachment (Figure 2¢). Using the bone abrader, a
prominent part of the calcaneus, which makes the pressure
on the Achilles tendon, is resected (Figure 2d). The degree
of the bone resection is controlled by a direct visualization
of the Achilles tendon contact area to the calca-
neus, with the foot in dorsiflexion. Experience in
endoscopic surgery is necessary.

A lateral X-ray is performed at the end of the
surgical procedure, to verify the final resection
(Figure 3).

Post-operative rehabilitation

Initial rehabilitation of these patients includes
ankle movements, by the use of continuous pas-
sive motion machine, and partial weight-bearing
starting on the first day after the surgery. Full
weight-bearing was allowed in the third week after
surgery. Physical rehabilitation is performed to re-
store the range of ankle motion and to strengthen
the calf muscles. Wide shoes and absence of physi-
cal activities are suggested for three months.

The study was performed according
Declaration of Helsinki ethical principles. This
study was approved by committee on ethics of
the Banjica Institute for Orthopedics (Resolution
no. i-113/12).

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):689-693
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Figure 3. Initial postoperative X-ray of the heel bone

RESULTS

The surgeries were all performed by the same surgeon,
having first own experience in this type of the treatment.
The average operation time was 60 minutes (40-90 min-
utes). All wounds healed normally, and, due to a mini-
mal surgical trauma, the rehabilitation was accelerated.
Postoperative x-rays showed a satisfactory degree of
resection in most cases. In all patients, a significant im-
provement and reduction of symptoms were noted in the
early phase of rehabilitation. There were no complications.
Three patients, started with full weight-bearing and sports
activities too early, had occasional pain and swelling up to
the third month after surgery.

The AOFAS score showed an improvement. The average
values were 59.3 + 11.48 preoperatively, and 90.1 + 7.55
confirming a significant change (p < 0.005).

DISCUSSION

Haglund’s syndrome is initially treated conservatively. This
includes application of nonsteroidal anti-inflammatory
drugs, use of wide shoes, heel lifts, change of activity, calf
muscle stretching exercises, and other physical therapy
procedures. There is also a description of the local use of
corticosteroid injections, where special attention should
be paid to the risk of damage to the Achilles tendon [13].
According to the literature, the outcome of conservative
treatment is unpredictable. Myerson and McGarvey [14]
reported a good result in 85% of non-surgically treated
patients. On the other hand, Sammarco and Taylor [15]
reported a considerably lower success in non-surgical
treatment, with as high as 65% of unsuccessful outcomes.
If non-surgical treatment lasts longer than six months with
persisting problems, than surgical treatment is considered.

During the last two decades, there have been significant
changes to the surgical treatment of Haglund’s syndrome.

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):689-693

Open surgery with the removal of a retrocalcaneal bursa
and remodeling of the heel bone showed good results in
50-100% of cases [5, 15]. Open surgery with wedge osteot-
omy of the calcaneus is sometimes still used [16]. However,
these types of surgery were accompanied by some compli-
cations, including wound dehiscence, infection, Achilles
tendon rupture, painful surgical scar, and limited ankle
motion [5, 17, 18]. Ehredt et al. [19] described a combi-
nation of endoscopic calcaneoplasty and gastrocnemius
resection, but they reported no data about its safety and
efficacy in the treatment of Haglund’s syndrome.
Endoscopic surgery has advantages over an open ap-
proach: smaller surgical wound, less tissue trauma, bet-
ter visualization of the pathological process itself, faster
recovery, minimal complications from wound healing,
and minimal surgical scar [8, 20]. Today there is a grow-
ing trend of endoscopy over an open joint surgery, due
to the lower rate of wound healing problems, as well as
much faster rehabilitation [21, 22]. This problem is com-
mon among professional athletes, for whom the period of
absence from the field is very important. After an open
surgery of Haglund’s syndrome, the period of return to
the field lasts up to nine months, while it lasts from three
to six months after an endoscopic intervention [4, 7, 22].
Our study confirmed good results. There were no com-
plications regarding surgical wounds. The three-portal
technique was used, offering better visualization than the
two-portals technique. This approach provides a good, di-
rect view of the Achilles tendon and its attachment allow-
ing the removal of the hypertrophic retrocalcaneal bursa
and the bone prominence. Bone resection was minimal
but sufficient and it was controlled intraoperatively by the
checks whether impingement occurs. The operation time
was shorter at each subsequent operation. There were no
major pain and swelling in the early postoperative period,
and all patients completed the rehabilitation according to
the protocol. Three patients were professional athletes, thus
they were interested for as quick return to the field. As they
did not have major problems, they started slightly earlier
with a higher load than other patients, which led to swelling
and pain. The symptoms decreased with analgesic therapy
and rest. Our opinion is that patients with the need for
greater physical activities should wait for that at least three
months. The patients were generally satisfied with the final
outcome, which was confirmed by the AOFAS score results.

CONCLUSION

The endoscopic approach with the three-portal technique
in Haglund’s deformity removal is expected to give a good
result. Its advantages include a quick return to regular ac-
tivities, followed by minimal complications. The procedure
requires endoscopic instruments, adequate surgical tech-
nique, and an educated surgeon.

Conflict of interest: None declared.
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MpeAHOCTU €HA0CKONCKE XUpYpruje y nederby XarnyHA0Bor CUHAPOMA ynoTpebom

TEeXHUKe ca TpM nopTana

Mwogpar Mmuwwnh'?, BnagaH CreBaHosuh'?, Anekcangap Jestuh'? Munad Mupkosuh', Jby6omup [akosuh',

Anxenuka Apce CraHkoeuh', Catba Mupkosuh?, Jlazap Miueta'?

"MHcTuTyT 33 opToneaujy barbuua’, beorpag, Cpbuja;
2YHneep3uTet y beorpaay, MeanunHcku pakyntet, beorpag, Cpbuja;

*YHnsep3uTet y beorpagy, OakynteT cnopra v drsnyKor Bacnutakba, beorpag, Cpbuja

CAXETAK

YBog/Lwb [ledopmuteT nete npaheH 6010M Ha MECTY Mpunoja
AxunoBe TeTMBe NO3HaT je Kao XarnyH[oB cMHAPOM. [IpOMUHEH-
Lmja cyneponaTtepasHor Aena neTHe KOCTU Koja BPLUM MPUTHCaK
Ha peTpoKasnkaHeasHy 6ypcy 1 AX1noBy TETVBY [JOBOAW O OTO-
Ka 1 6ona. Camo CTatbe ce MOXe NeUnTI Kako HeonepaTnBHO,
TaKo 1 onepaTuBHO.

MpuKasanu cmo NpBa UCKYCTBA y eHAOCKOMCKOM peluaBakby
XarnyHpoBor cvHApoMa Kopuwherem TEXHVKe ca TpY nopTana.
Mertope Y nepriogy og jaHyapa 2019. go maja 2020. roguHe yuu-
tbeHO je 10 eH0CKONCKNX MHTEPBEHLMja pemopenaLuje netTHe
KOCTV Ca peceKLujomM peTpoKaskaHeasnHe byp3e. [lnjarHosa je
NoCTaB/beHa Ha OCHOBY aHaMHe3e, KNMHUYKOT Nperneaa, PeHA-
FEHCKMX CH/IMaKa 1 MarHeTHe pe3oHaHLie. 3a MpoLeHy pe3y-
TaTa KopuwheH je pe3yntaT Tecta AMEPUYKOT OpTOMenCKor
ApyLUTBa 3a CToMasna 1 ckouHw 3rnob (eHr. American Orthopedic
Foot and Ankle Society) npe onepauuje 1 LecT MeceLy of ore-
paTVBHOT Neyetba.
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PesyntaTtm EHgockonckm Hanas je Kof CBMX NalumjeHaTa no-
Ka3ao xunepTpodunyHy peTpokankaHeasnHy 6yp3y v npomu-
HeHLMjy Ha 3aAHbeM roptem fieny neTHe KOCTU Koju npasu
nputncak Ha AxunoBy TeTuy. Kopuwhermem TexHMKe ca Tpu
noptana gobuja ce MHoro 6osba BU3yanm3auuja 1 nako ce ykna-
tba U3MereHO TKMBO. Pagnorpadcka KOHTPonHa cnvika je 6una
3afjoBosbaBajyha. Pe3yntat ckopa AMepuyKor opTonefckor
APYLUTBA 3a CTOMNana 1 CKOYHM 3rno6 nokasyje 3HayajHo no-
6osbluatbe Mocse 0Be XMPYpPLUKE NHTEPBEHLMje.

3aksbyyak EHOCKONCKM NpUCTyN pelLuaBakby XarnyHAoBOr CUH-
ApoMa ca Tpu nopTana je curypHa npoueaypa Koja faje gobpe
pe3yntate. Omoryhyje 6pxu onopasak y3 Matbe KoMmInKaLyje
y 00HOCY Ha OTBOPEHY XVPYpPrujy.

Kl'by‘-lHe peun: eHOOCKONCKa KaJlkaHeonnacThKa; KankaHeyc;
XaFJ'IyHLlOB CUHAPOM; peTPOKaJIkaHeaJTHN 6yp3|/|T|/|c
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Pulmonary air leak syndrome in a premature infant
born to mother with COVID-19

Lidija Banjac'? Boban Banjac?

'Clinical Center of Montenegro, Institute of Children’s Diseases, Department of Neonatology, Podgorica,
Montenegro;
2University of Montenegro, Faculty of Medicine, Podgorica, Montenegro

SUMMARY

Introduction The clinical course of premature infants born to mothers with coronavirus disease 2019
(COVID-19) has not been well characterized. The aim of this paper was to report a complicated clinical
course of pulmonary air leak syndrome (pneumomediastinum and pneumothorax) in a premature infant
born to a mother with COVID-19.

Case outline The patient was a male infant born at 35 weeks of gestation. The mother had confirmed
coronavirus pneumonia six days prior to delivery. At approximately 25 hours of age, chest X-ray showed
pneumomediastinum, giving the classic “spinnaker-sail” sign. After intubation, chest X-ray showed the
typical “angel-wing” sign, which indicates pneumomediastinum and bilateral pneumothorax (pulmonary
air leak syndrome).

Conclusion Based on the presented case, we believe that the mother’s COVID-19 infection is an additional
risk factor for the occurrence of pulmonary air leaks in the infant. To confirm this hypothesis as well as
explain the exact pathophysiology of air leakage in COVID-19, larger, prospective, and well designed
studies are needed.

Keywords: coronavirus disease 2019; premature infants; pulmonary air leak syndrome; pneumomedi-
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome corona-
virus-2 (SARS-CoV-2), is a highly contagious
and potentially life-threatening disease. The
COVID-19 pandemic has been declared by the
World Health Organization (on March 11th,
2020) as a global public health emergency [1].
The disease is mild in most people, but in some
it may progress to pneumonia, acute respiratory
distress syndrome, and multiorgan dysfunc-
tion. Disease in infants and children has also
been reported to be significantly milder than
in adults. Mortality rates range 0-12% in the
pediatric population [2].

The published data on premature infants
born to mothers with COVID-19 has been lim-
ited. Studies had no evidence to suggest that
the development of COVID-19 pneumonia in
the third trimester of pregnancy could lead to
the occurrence of severe adverse outcomes in
infants [3, 4]. But some studies describe a very
complicated clinical course with pulmonary
air leak syndrome in preterm infants born to
mothers with COVID-19. The management of
these infants presents a significant challenge
(5, 6].

The aim of this paper was to report a very
complicated clinical course of pulmonary air
leak syndrome in a preterm infant born to a
mother with COVID-19.

CASE REPORT

A patient was a male infant born at 35 weeks of
gestation with birth weight of 2600 g. He was
born to a 31-year-old (gravida 2, para 2) who
had received treatment for hypothyroidism
during pregnancy.

Maternal history was significant for cough
and fever six days prior to delivery. She was
admitted to the hospital one day prior to de-
livery and tested positive for SARS-CoV-2 on
reverse-transcription polymerase chain re-
action (RT-PCR) by a nasopharyngeal swab.
After chest X-ray, she was diagnosed with
COVID-19 pneumonia. Laboratory findings
showed a high level of C-reactive protein (61
mg/L) and a slightly lower white blood cell
count (5.6 x 10°/L) Caesarian section was per-
formed at 35 weeks of gestation after premature
rupture of membranes. At the time of delivery,
she was on high-flow nasal cannula oxygen
therapy and prophylactic anticoagulation with
low-molecular-weight heparin due to the risk
of thrombosis in pregnancy and COVID-19.

The patient (male premature infant) was
vigorous at birth, Apgar scores were 8 at both
one and five minutes, and he required only the
fraction of inspired oxygen (FiO,) of 0.3. The
infant was immediately separated from the
mother, transferred to the Pediatric hospital,
and admitted to an isolation room due to ma-
ternal COVID-19. Initial chest X-ray was sug-
gestive of respiratory distress (Figure 1A), and
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Figure 1. Chest radiographs; on admission, a chest X-ray showed granular lungs with air bronchograms in the central regions (A); after
worsening health conditions, chest X-ray showed unusual pneumomediastinum — a central area of radiolucency projected over the
mediastinum, giving the classic “spinnaker-sail” sign (B before and C after intubation); chest X-ray after seven hours showed the typical
“angel-wing"” sign - bilateral hyperlucency representing air leak into the pleural cavities — pneumothoraces (D), which required bilateral
thoracic drainage followed by chest tube placement (E); a repeat chest X-ray was performed at the age of nine days, which showed
partial resolution of the pneumomediastinum and gradual improvement of the patient’s symptoms; the patient was extubated (F)

his initial capillary blood gas showed a pH of 7.3, PCO,
of 4.6, PO, of 4.8, and base excess of -6.2. The infant was
started on caffeine prophylaxis for apnea of prematurity
and empiric antibiotics (ampicillin and gentamicin) due
to preterm labor. He was tested negative for SARS-CoV-2
on RT-PCR by nasopharyngeal swab.

A few hours after the birth, the infant developed in-
creased work of breathing; thus, he was transferred to the
neonatal intensive care unit and nasal continuous positive
airway pressure respiratory support was commenced.

At approximately 25 hours of age, the infant had desatu-
rations requiring an increase in oxygen supplementation,
and chest X-ray showed an unusual radiographic finding
of pneumomediastinum - a central area of radiolucency
projected over the mediastinum separating the thymic
lobes upwards and outwards, giving the classic “spinnaker-
sail sign” (also known as a “angel-wing sign”) (Figure 1B).
Because of respiratory deterioration, the infant was intu-
bated. Chest X-ray after intubation revealed pneumome-
diastinum and bilateral pneumothorax requiring thoracic
drainage (Figures 1C, 1D, and 1E).

Mechanical ventilation with a positive end-expiratory
pressure of 6 cm of H O, FiO, of 0.6, and a mean airway
pressure of 22 cm of H,O was started. Exogenous surfac-
tant instillation resulted with an improvement in oxygen
requirement.

Antibiotics were replaced to meropenem and amikacin,
and were discontinued after 72 hours, upon the report of
negative cultures.
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The follow-up chest X-ray showed an incomplete reso-
lution of air leaks (Figure 1F).

The infant’s respiratory function improved, he was ex-
tubated on the eighth hospital day, and chest tubes were
removed the next day.

The need for supplementary oxygen therapy was de-
creased, and the infant was placed in a crib, bottle-fed, and
discharged from the hospital seven days after extubation.
No air leakages were detected in a chest X-ray performed
before hospital discharge.

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

DISCUSSION

COVID-19 is a highly contagious and potentially life-
threatening disease, especially in pregnancy [7]. The pub-
lished data on premature infants born to mothers with
COVID-19 has been limited [7, 8]. It is reliably known
that the mother’s COVID-19 infection leads to preterm
delivery, but the connection to the occurrence of pulmo-
nary air leak in the newborn has not been fully proven.
Pulmonary air leaks in infants are certain to be associated
with high morbidity and mortality [7, 9, 10].

This case report shows the clinical course of a prema-
ture infant born to a mother with COVID-19 pneumonia.

www.srpskiarhiv.rs ‘
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He had initial mild (moderate) respiratory distress com-
plicated by the development of severe pulmonary air leak
syndrome (pneumomediastinum, bilateral pneumothorax)
with unusual chest X-ray signs (“spinnaker-sail” or “angel-
wing” sign).

The infant had some risk factors for air leak: male sex,
late preterm gestation, and cesarean delivery predispose
him to transitory tachypnea, which leads to pulmonary
air leak. Considering the severity of our patient’s clinical
condition, we believe that COVID-19 maternal pneumonia
in the third trimester of pregnancy was an additional risk
factor for preterm delivery, caesarean section, and pulmo-
nary air leak syndrome in infants.

Our opinion is supported by published studies on term
and preterm infants from COVID-19-positive mothers
with pulmonary air leak syndrome, as well as the fact that
pneumomediastinum is considered the leading cause of
maternal death [11]. Recent review studies reveal a high
incidence of air leaks in patients with COVID-19, even in
the absence of any traditional risk factors [12].

Although the precise pathophysiology of air leaks with
COVID-19 is still unknown, some studies suggest that a
variety of factors may contribute to its development [12,
13]. According to Harancang et al. [14], COVID-19 starts
an inflammatory dysregulation that results in diffuse dam-
age and alveolar rupture.

On the other hand, several studies did not suggest that
the development of COVID-19 pneumonia in the third
trimester of pregnancy could lead to the occurrence of
severe adverse outcomes in infants 2, 3, 15].

A national prospective epidemiological study that
included all infants with COVID-19 in Spain (40 cases)
showed that clinical manifestations were mild, such as up-
per respiratory airway infections, febrile syndrome, acute
gastroenteritis, apnea, and mild respiratory distress. The
most severe manifestations occurred in two preterm in-
fants with pneumonia and in an infant with bronchiolitis
due to rhinovirus co-infection. Respiratory support was
required in several cases, and in those who did need it,
oxygen and non-invasive systems were briefly used [6].

Anand et al. [16] described 65 infants born to COVID-
19-positive mothers. Approximately one-third of the co-
hort was born preterm (40%). Of the 65 infants, seven
tested positive for COVID-19. Six of the seven infants were
asymptomatic, and one infant received respiratory support
(CPAP) for 48 hours.

Also, very complicated neonatal illness with pulmo-
nary air leak syndrome was described in preterms born
to mothers with COVID-19. The management of these
infants presents a significant challenge [4, 5].

Piersigilli et al. [5] describe a female infant at 26 gesta-
tional weeks born to a mother who developed COVID-19

DOI: https://doi.org/10.2298/SARH220928103B
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positive bilateral pneumonia. Despite the initial clinical
stability and the requirement of low FiO,, 12 hours after
the less invasive surfactant administration procedure, she
developed a pneumothorax requiring thoracic drainage. In
our patient, air leak developed before surfactant adminis-
tration, which excludes surfactant as an etiological factor.

Reddy and associates presented two preterm infants
born to mothers with COVID-19, who also developed
acute onset severe air leak syndrome requiring thoracic
drainage [4].

In another study by Kamity et al. [17], they assumed
that in utero exposure to SARS-CoV-2 leads to fetal pneu-
monitis, which is the reason for the increased susceptibil-
ity to pneumothorax. They advise increased vigilance in
infants born to COVID-19-positive mothers even when
their SARS-CoV-2 PCR is negative.

Zhu et al. [18], in a clinical analysis of 10 infants born
to mothers with COVID-19 pneumonia, concluded that
perinatal COVID-19 may have adverse effects on infants,
causing problems such as premature labor, respiratory
distress, and even death. Seven out of nine infants had
abnormal chest computer tomography with a picture of
neonatal respiratory distress syndrome, infection, and
pneumothorax.

Wroéblewska-Seniuk et al. [13] concluded that higher re-
spiratory distress rates and the need for respiratory support
in infants resulted only from COVID-19 infection in the
mother. However, according to the authors, the mechanism
of pulmonary air leak is not easily explicable.

Despite the increasing amount of published data on
COVID-19 in pregnancy, there is insufficient good-quality
data to draw unbiased conclusions regarding the influ-
ence of maternal COVID-19 infection on the occurrence
of pulmonary air leak in infants [19].

We believe, based on our case, that COVID-19 infection
in the mother is an additional risk factor for the develop-
ment of pulmonary air leak in the infant. This statement
is supported by the high incidence of pneumomediasti-
num in patients with COVID-19 infection and the fact
that pneumomediastinum is the most common cause of
death in pregnant women with COVID-19 [11, 12, 14].

To confirm this hypothesis as well as explain the exact
pathophysiology of air leakage in COVID-19, larger, pro-
spective, and well-designed studies are needed.

In accordance with the obtained data, the guidelines for
neonatal care and treatment, especially respiratory sup-
port, should be revised. In any case, we recommend special
attention to prevent COVID-19, systematic screening of
suspected infections during pregnancy, and extended in-
tensive follow-up for infants, especially preterm infants.

Conflict of interest: None declared.
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NMayhHu cuHapom Lypera Ba3ayXxa Kog npetepmuHcKkor HoBopoheHuerta poheHor

04 MajKe ca kosugom 19

JIngnja barbau'? bobaH barbaLl?

'KnuHnykn uentap LipHe lope, MHcTuTyT 32 6onectu pjee, LieHTap 3a HeoHatonorujy, Moaropuua, LipHa lopa;
*Ynneep3utet LipHe fope, MegnunHcku dakynter, Moaropuua, LipHa fopa

CAMETAK

YBop KnuHNYKM TOK NpeTepmMrHCKe HoBopoheHuaan pohexe
o[ MajKke ca KoBraoMm 19 Huje AOBO/bHO UCMUTaH.

Linss oBor papa je 61o Aa nprikaxe NpPeTepMUHCKO HOBOPO-
heHue ca nnyhHUM CHBPOMOM Liypera Basayxa (MHeymome-
OMjaCTUHYM 1 MHEYMOTOpaKc) poheHor of Majke Mo3nUTUBHe
Ha KoBug 19.

Mpernen 6onecHuka bonecHyik je MylLKko HoBopoheHue pohe-
Hoy 35. Heperbm rectauuje. Majka je wect gaHa npe nopohaja
“Mana KopoHaBupycHy ynany nnyha. Paguorpaduja rpyaHor
Kolla HoBopoheHyeTa y 25. caTy no pohetby nokasana je Hey-
obuyajeHn NHeyMmoMeujacTUHYM — 3HaK , TPOYriacTor jegpa”.
HakoH nHTybauuje, Ha paguorpadujy rpyaHOr Kolwa nprikasyje
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ce ,3HaK aHHeoCKNX Kprna“, Koju npefcTaB/ba NHeyMomeam-
jacTHym 1 6runatepanHu nHeymoTopakc (nnyhHy cMHapom
Lypetba Ba3ayxa).

3aksbyuyak Ha 0CHOBY npuriKa3aHor ciyyaja, CMaTpamo Aa je Ko-
poHaBUpycHa 6onecT majke foAaTHY GpakTop pu3KKa 3a nojaBy
nnyhHor cMHapoMma Lyperba Basgyxa Kof HoBopoheHueTa. 3a
NOTBPAY OBE XMMOTE3E, KAo 11 3a 06jallberba TauHe natopmsio-
noruje uypetba Basgyxa kog Kosuga 19, notpebHe cy ehe,
NpPOoCNeKTBHE 1 JOOPO ocMULITbEHE CTYaMje.

KmbyuHe peun: koBug 19; npetepmrnHcko HoBopoheHue; nnyh-

HW CUHAPOM Liypetba Ba3ayxa; MHeYMOMEeAWjacT HYM; NHey-
MOTOpPAKC
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near-tetraploidy and TP53 mutation
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SUMMARY

Introduction Chromosomal numerical aberrations are very common in hematological malignancies, but
near-tetraploidy (80-104 chromosomes) is rare in myeloid lineage malignancies, with only a few cases
reported in myelodysplastic syndrome (MDS). Due to a small number of cases with this rare cytogenetic
abnormality, clinicopathological significance of near-tetraploidy in MDS is still unknown. In this case
report we present a case of de novo MDS patient with near-tetraploidy in association with TP53 mutation,
and we aimed to elucidate the prognostic significance of this rare genetic feature.

Case outline In August of 2018, a 71-year-old male presented with severe anemia, thrombocytopenia, leu-
copenia, and enlarged spleen. Laboratory data were as follows: hemoglobin (Hb) 93 g/L, white blood cells
2.8 x 10°/L and platelets 23 x 10°/L. The bone marrow aspirate was hypercellular, megakaryocytes were not
found, 15% of granulocytic cells were with signs of dysplasia, and 16% of blast cells without Auer rods. The
finding was in correlation with diagnosis of MDS, type refractory anemia with excess blasts 2 which was also
confirmed by immunophenotyping. Cytogenetic finding was near-tetraploidy (48 XY+mar{10]/92,XXYY[10]),
and TP53 mutational analysis showed the presence of mutation in exon 8 (p.D281A; c.842 A > C). The patient
received from time to time packed red blood cells and platelets, and died four months after initial diagnosis.
Conclusion Near-tetraploidy associated with TP53 mutation has been described in only a few MDS cases.
Results of these reports including ours suggest that the association of TP53 mutation and near-tetra
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polyploidy is a poor prognostic factor.

Keywords: near-tetraploidy; TP53 mutation; myelodysplastic syndrome; prognosis

INTRODUCTION

Myelodysplastic syndromes (MDS) are a group
of clonal hematopoietic stem cell malignancies
characterized by ineffective hematopoiesis, bone
marrow dysplasia, peripheral blood cytopenia
and by intrinsic risk of acute myeloid leukemia
(AML) transformation [1]. Chromosomal ab-
normalities may be numeric and structural and
can be found in about 50% of primary MDS
and in around 80% patients with secondary
MDS after chemotherapy or some toxic agents
[2, 3]. Chromosomal abnormalities can vary
from a single chromosome abnormality such as
monosomy, to a complex karyotype. Numerical
abnormality like near-tetraploidy (80-104 chro-
mosomes) is rare in myeloid lineage hematologic
malignancies like MDS and it is associated with
poor outcome [4]. In addition to pretreatment
karyotype being essential for risk stratification
and treatment of MDS patients, in recent years
the influence of mutations detected in over 89%
of cases, has been making its impact on the
prognostic stratification model [5]. Mutations
in TP53 gene detected in around 10% of novel
MDS cases has been shown to have independent
adverse prognostic effect [6].

Here, we report the case of a 71-year-old
man diagnosed with MDS, with near-tetraploi-
dy accompanied with TP53 mutation.

CASE REPORT

In August 2018, a 71-year-old man, with a his-
tory of diabetes mellitus and hypertension, in
presented with severe anemia, thrombocytope-
nia, leucopenia, and enlarged spleen with di-
ameter 159 x 64 mm on ultrasonography. He
was admitted at the University Clinical Center
of Serbia, Clinic of hematology on under the
suspicion of evolution of MDS in AML, Eastern
Cooperative Oncology Group performance sta-
tus 2, and Hematopoietic Cell Transplantation-
Comorbidity Index 1.

Laboratory findings were: hemoglobin (Hb)
93 g/L, white blood cells (WBC) 2.8 x 10°/L,
platelets 23 x 10°/L (leukocyte formula: seg-
mented 11%, lymphocytes 70%, monocytes
2%, eosinophils 3%, basophils 11%, metamy-
elocytes 1%, blasts 2%, erythroblasts 7/100
WBC). Biochemical analyses were: glycaemia
9.3 mmol/l, total bilirubin 33 pmol/L, ferri-
tin 547 ng/ml, fibrinogen 5.87 g/L, d-dimer
1.29 mg/L. Virology, human immunodeficiency
virus, hepatitis B surface antigen and hepatitis
C were negative.

The bone marrow aspirate was hypercellular,
megakaryocytes were not found, granulocytic
cells were 15% with signs of dysplasia, hypo-
granular and hyposegmented Pelgeroid-like
neutrophil element, with 16% of blast cells,
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Figure 1. Direct sequencing of exon 8 of theTP53 gen amplified by
polymerase chain reaction; the red arrow shows heterozygous, mis-
sense mutation at the position 842 (A-green, to C-blue; c.842A > Q),
resulting in the substitution of amino-acid at the position 281 (Asp
to Ala; p.D281A); it has been reported in the COSMIC (Catalogue of
somatic mutations in cancer) data base by number COSM11665

without Auer rods, 40% of blast cells were myeloperoxidase
positive, erythroid cell line 62% striking was megaloblas-
tic, with presence of two to three nucleoli in erythroblasts
with signs of vacuolization. The finding was in correlation
with diagnosis of MDS, type refractory anemia with ex-
cess blasts (RAEB 2). Immunophenotyping of bone mar-
row cells done by flow cytometry, showed positivity for
HLA-DR, CD34, CD71, CD38, CD200, CD123, cMPO,
clizozime, CD117, CD3, CD22. This results also correlated
with diagnosis of RAEB 2.

Cytogenetic finding was 48,XY+mar[10]/92,XXYY[10].
Molecular analyses of SF3B1 and TP53 gene was done us-
ing polymerase chain reaction followed by direct sequenc-
ing [7, 8]. The patient was SFB3BI negative, but in TP53
gene we detected a single mutation in exon 8 (p.D281A;
c.842 A > C) (Figure 1). The diagnosis of MDS, type RAEB
2 was confirmed with Eastern Cooperative Oncology
Group performance status 2 and Hematopoietic Cell
Transplantation-Comorbidity Index 1. The patient was un-
willing to undergo intensive treatment with chemotherapy.
In further course he received from time to time packed
red blood cells and platelets. He died in December 2018.

All procedures performed were in accordance with the
ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

DISCUSSION

MDS is a highly heterogeneous group of disorders with
numerous genetic aberrations. Cytogenetic findings are
important prognostic factor incorporated in almost all
prognostic scoring systems. Presence of three or more
chromosomal anomalies is regarded as complex karyo-
type which can be associated with progression of MDS
to AML. Comparing the karyotype in acute leukemias
and MDS, numeric aberrations dominate in MDS while
in acute leukemias structural aberrations are dominant.
Balanced cytogenetic abnormalities, including reciprocal
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translocations, inversions and insertions, are prevalent in
myeloid leukemias but are uncommon in MDS, in which
unbalanced numeric chromosomal abnormalities reflect-
ing a gain or loss of chromosomal material are more preva-
lent [3].

Numeric chromosomal abnormality near-tetraploidy
could be found in 1.2% of AML, but only in 0.57% of MDS
patients [9, 10]. Tumor suppressor gene TP53 is located on
the short arm of chromosome 17(17p13) [9]. TP53 gene
encodes p53 protein which is main regulator of cellular
homeostasis, cellular division, DNA-damage replication and
apoptosis [9, 11]. TP53 overexpression may precede to a
change of diploidy to tetraploidy state of the cell population,
enabling DNA duplication without cell division leading to
polyploidia. Near-tetraploidy associated with TP53 muta-
tion has been described only in four MDS cases [9]. Haase
atal. [12] analyzed cytogenetic findings in a cohort of 2072
patients with MDS but there was no one patient with near-
triploidy or near-tetraploidy karyotype. In a study on 1576
patients with MDS the incidence of near-triploidy and near-
tetraploidy was 0.57% [12]. In this cohort study, the authors
have found nine patients with near-triploidy and near tetra-
ploidy karyotype, but association with TP53 mutation is not
described. Among them, eight had only polyploidy, without
other aberrations and one had at the same time complex
karyotype. In the group of 979 adult patients with different
hematological malignancies, association of TP53 mutation
and near-triploidy or near-tetraploidy karyotype was diag-
nosed in four MDS patients, three with RAEB and one with
refractory cytopenia with multilineage dysplasia (RCMD).
Patients with RAEB lived two, three, and six months while
patient with RCMD lived 18 months.

In conclusion, TP53 mutation are found in 5-20% pa-
tients with MDS, more frequent in high-risk group asso-
ciated with complex karyotype involving chromosome 5,
7, and 17 causing negative impact on prognosis [13, 14].
However, TP53 mutations are rarely associated with near-
triploidy or near-tetraploidy karyotype. Latest research of
MDS genomic landscape showed that TP53 mutations are
frequently associated with aneuploidy and chromothripsis,
and not with other MDS “driver” mutations, suggesting
that for TP53 mutations, alterations at chromosome level
represent cooperating, “second hit” event, driving MDS
towards leukemic transformation [15]. In spite of the small
number of reported cases, it is impossible to determine the
prognostic impact of the combined occurrence of near-
tetraploidy and TP53mutation. Based on our case report,
we could speculate that it has a poor impact on the prog-
nosis and outcome of the disease.

ACKNOWLEDGMENTS

This work has been funded by grant from the Ministry of
Education, Science and Technological Development, the
Republic of Serbia (Grant No. 451-03-68/2022-14/200042).

Conflicts of interest: None declared.

www.srpskiarhiv.rs

699



700

REFERENCES

Arber DA, Orazi A, Hasserjian RP, Borowitz MJ, Calvo KR, Kvasnicka
HM, et al,; International Consensus Classification of Myeloid
Neoplasms and Acute Leukemias: integrating morphologic,
clinical, and genomic data. Blood. 2022;140(11):1200-28.

[DOI: 10.1182/blood.2022015850] [PMID: 35767897]
Nguyen-Khac F, Bidet A, Daudignon A, Lafage-Pochitaloff M,
Ameye G, Bilhou-Nabéra C, et al. The complex karyotype in
hematological malignancies: a comprehensive overview by the
Francophone Group of Hematological Cytogenetics (GFCH).
Leukemia. 2022;36(6):1451-66.

[DOI: 10.1038/541375-022-01561-w] [PMID: 35430613]
Shahjahani M, Hadad EH, Azizidoost S, Nezhad KC, Shahrabi

S. Complex karyotype in myelodysplastic syndromes:
Diagnostic procedure and prognostic susceptibility. Oncol Rev.
2019;13(1):389. [DOI: 10.4081/0ncol.2019.389] [PMID: 30858933]
Veryaskina YA, Titov SE, Kovynev IB, Pospelova Tl, Zhimulev IF.
Prognostic Markers of Myelodysplastic Syndromes. Medicina
(Kaunas). 2020;56(8):376. [DOI: 10.3390/medicina56080376]
[PMID: 32727068]

Saygin C, Godley LA. Genetics of Myelodysplastic Syndromes.
Cancers. 2021;13(14):3380. [DOI: 10.3390/cancers13143380]
[PMID: 34298596]

Cumbo C, Tota G, Anelli L, Zagaria A, Specchia G, Albano F. TP53
in Myelodysplastic Syndromes: Recent Biological and Clinical
Findings . Int J Mol Sci. 2020;21(10):3432.

[DOI: 10.3390/ijms21103432] [PMID: 32414002]

Huber S, Haferlach T, Meggendorfer M, Hutter S, Hoermann

G, Baer C, et al. SF3B1 mutated MDS: Blast count, genetic co-
abnormalities and their impact on classification and prognosis.
Leukemia. 2022;36(12):2894-902.

[DOI: 10.1038/541375-022-01728-5] [PMID: 36261576]
Malcikova J, Tausch E, Rossi D, Sutton LA, Soussi T, Zenz T, et al.
ERIC recommendations for TP53 mutation analysis in chronic
lymphocytic leukemia-update on methodological approaches
and results interpretation. Leukemia. 2018;32(5):1070-80.
[DOI: 10.1038/s41375-017-0007-7] [PMID: 29467486]

Colovi¢ N. et al.

9. WuJ, LinH, ChenC, LuoY, Dai W, Lin X, et al. [Analysis of genetic
and clinical characteristics of nine cases of myelodysplastic
syndrome with near tetraploid/tetraploidy karyotypel. Zhonghua
Yi Xue Yi Chuan Xue Za Zhi. 2020;37(12):1336-9. [Article in
Chinese] [DOI: 10.3760/cma.j.cn511374-20191015-00530]
[PMID: 33306816]

10. Watanabe A, Inokuchi K, Yamaguchi H, Mizuki T, Tanosaki
S, Shimada T, et al. Near-triploidy and near-tetraploidy in
hematological malignancies and mutation of the p53 gene.

Clin Lab Haematol. 2004;26(1):25-30.
[DOI: 10.1111/j.0141-9854.2003.00574.x] [PMID: 14738434]

11. Duarte FB, Lemes RPG, Dos Santos TEJ, Barbosa MC, de
Vasconcelos JPL, Rocha-Filho FD, et al. Presence of new mutations
in the TP53 gene in patients with low-risk myelodysplastic
syndrome: two case reports. J Med Case Rep. 2017;11(1):143.
[DOI: 10.1186/513256-017-1301-8] [PMID: 28527473]

12.  Haase D, Germing U, Schanz J, Pfeilstocker M, Nosslinger T,
Hildebrandt B, et al. New insights into the prognostic impact of
the karyotype in MDS and correlation with subtypes: evidence
from a core dataset of 2124 patients. Blood. 2007;110(13):4385-
95.[DOI: 10.1182/blood-2007-03-082404] [PMID: 17726160]

13. Weinberg OK, Siddon A, Madanat YF, Gagan J, Arber DA, Dal Cin P,
et al. TP53 mutation defines a unique subgroup within complex
karyotype de novo and therapy-related MDS/AML. Blood Adv.
2022;6(9):2847-53. [DOI: 10.1182/bloodadvances.2021006239]
[PMID: 35073573]

14. Stengel A, Haferlach T, Baer C, Hutter S, Meggendorfer M, Kern
W, et al. Specific subtype distribution with impact on prognosis
of TP53 single-hit and double-hit events in AML and MDS. Blood
Adv. 2023;7(13):2952-6.

[DOI: 10.1182/bloodadvances.2022009100] [PMID: 36735768]

15.  Abel HJ, Oetjen KA, Miller CA, Ramakrishnan SM, Day RB,

Helton NM, et al. Genomic landscape of TP53-mutated myeloid
malignancies. Blood Adv. 2023;7(16):4586-98.
[DOI: 10.1182/bloodadvances.2023010156] [PMID: 37339484]

MujenoamucnnacTMUHM CUHAPOM Ca NPUBAVKHOM TETPANNIOUAUOM YAPYKEHOM Ca

MyTauujom reHa TP53 — pepak cnayuaj

Hatawa Yonosuh'? BecHa hophesuh', Munmua Pagojkosuh?, Teogopa KapaH-hypaluesuh?, Hatawa Towuh*
'YHUBep3nTETCKN KNMHMYKY LeHTap Cpbuje, KnuHuka 3a xematonorujy, beorpag, Cpbuja;

2YHuBep3uTeT y beorpapy, MegnunHckn dakynter, beorpag, Cpouja;

3KnuHuyko-60nHWuKM LeHTap ,Ap Oparrwa Muwosnh’, KnuHnka 3a uHtepHy megnumHy, beorpag, Cpbuja;
*YHuBep3uTeT y Beorpagy, VIHCTUTYT 3a MoneKynapHy reHeTUKY 11 reHeTCKO UHKerepcTBo, beorpap, Cpbuja

CAMETAK

YBop Hymepuuke abepaLiyje XpoMo30Ma Cy BEOMa YecTe KOA
XeMaToJOLKUX MaNMrHWATETa, anu cy NpubamkHe TeTpanion-
auje (80-104 xpomo30Ma) peTKe Y MaIMrHATETUMA MUjeNongHe
N03e, Ca CaMO HEKOMMKO CJlyYajeBa NpujaB/beHNX Y MUjenoau-
cnnactmukom crHgpomy (MAC). 36or manor 6poja cnyyajeBa
Ca 0BOM PETKOM LIUTOreHETCKOM abHopManHowwhy, KTMHUYKO-
-NaToNoLWKY 3Havaj npubnuxHe Tetpannonguje y MAC-y je jow
yBeK Heno3Hat. OBvM nprika3om de novo 6onecHuka ca MC-om,
ca NpUGIMKHOM TETPANIOWANOM 1 MyTaLUjoM Y reHy TP53,
LWSb HaM je 610 1a pacBETIMMO NMPOrHOCTUYKM 3Hauaj OBE peT-
Ke reHeTCKe KapaKTepucTuKe.

Mpuka3 6onecHnka MNprkasaH je 71-rogniby 60ECHNK Koju
jey aBrycty 2018. roguHe pa3B1o CUMMTOME TeLlKe aHemuje,
TpombouuToneHuje, neykoneHuje n yehaHe cnesmte. Jlabo-
paTopujcke aHanu3e cy nokasasne ciegehe: xemorno6vH 93
g/L, neykoumntn 2,8 X 10%/L n TpombouuTy 23 x 10%L. Acnupat
KoLLTaHe Cpx je 610 xmunephenujcku, MerakapyoLmTi HUCY Ha-

DOI: https://doi.org/10.2298/SARH230728100C

HeHu, 15% rpaHynoLuTa je 6uno ca 3Haumma gucnnasuje, 16%
6nacta 6e3 Ayeposyix WwWTanuha. Hanas je ogroBapao aujarHosu
MZC-a, Tuna pedpakTopHe aHeMuje ca BULLIKOM 6nacTa 2, LUTo
je notBpHeHo 1 nmyHonolkom GeHoTunm3almjom. LintoreHeT-
CKOM aHanm3om yTBphHeHo je nprcycTBo NpubamxKHe TeTpansio-
nauje (48,XY+mar[10]/92,XXYY[10]), a aHann3a myTaumja y reHy
TP53 nokasana je NpuycycTBO MyTaLuje y er3oHy 8 (p.D281A;
¢.842 A > (). BonecHuK je no NoTpeby NpuMao TpaHcdy3ujy
epuTpoLTa 1 TPOMOOLUTE, @ YMPO je YeTUpU MeceLia HakoH
noyeTHe AnjarHose.

3aksbyuyak [prcycTBo NpUbAVKHE TeTpanaouguje yapyeHe
ca MyTaumjama y reHy TP53 onvcaHo je camo Y HEKONMNKO CIly-
yajeBa M[1C-a. Pe3yntati oBYX CilyyajeBa, Kao 1 Halwm pe3sys-
TaTy, yKa3yjy Ha To Aia NpubnvKHa TeTpanjionavja nosesaHa ca
npucycTBom MyTaLuja y reHy TP53 npepctaBiba dakTop fowle
nporHose.

KmbyuHe peun: npnbnvikHa TeTpaniongvja; MyTaumje reHa
TP53; MujenogmcnnacTyHn CUHAPOM; NPOrHO3a
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Challenges in surgery of deep burns

Biljana Certi¢', Andela Dimki¢-Milenkovi¢, Milan Jovanovi¢'?

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

SUMMARY

Introduction Full-thickness burns pose a significant challenge in terms of surgical management,
particularly when concurrent trauma of other organs is involved. Traditional treatment of deep burns
includes early excision or debridement of necrotic tissue, followed by skin grafting or flap reconstruction.
There are numerous challenges such as poor overall general condition, polytrauma, questionable wound
bed viability, limited donor sites. Thus, we have to consider skin substitutes. INTEGRAR is an acellular
dermal substitute which creates a native dermis. The aim of this case was to share our experience of the
treatment by skin substitutes in a polytraumatized burn patient.

Case outline We present a case report of a 46-year-old man with severe work-related contact burn wounds
associated with multiple rib and vertebral fractures, as well as lungs contusion with localized bilateral
hemothorax. Patient suffered from third-degree burns to the lower extremities, extending to scrotal and
gluteal area, which included 15% of the total body surface area. The patient underwent early excision
of necrotic tissues with subsequent skin autografting on the right leg; however, due to partial failure of
autografts, we had to perform allografting followed by autografting because of limited local donor sites
and poor general condition. Successive debridement and partial osteotomy resulted in the left knee
defect with exposed patella. Therefore, in order to reconstruct the consequent defect and prevent joint
contracture, the defect was finally covered by INTEGRAR.

Conclusion Our experience has highlighted that INTEGRA® prevents functional disability and furthermore,

it leads to optimal aesthetic results.

Keywords: INTEGRAF; full-thickness burns; exposed bone; skin grafts; reconstruction

INTRODUCTION

Understanding of the pathophysiological ab-
normalities occurring not only locally but also
systematically after burn injury is essential and
leads to optimal treatment of burn patients [1].
Full-thickness burns pose a significant chal-
lenge in terms of surgical management in
modern burn care [2]. Since burn illness may
be greatly complicated by the persistence of an
open wound due to malnutrition and bacterial
invasion, the wound must be promptly closed.
It would be of great importance to reduce the
severity of hypertrophic scarring, postburn
contractures, as well as promote faster reha-
bilitation [3]. Therefore, as soon as the overall
status of the patient permits it, full-thickness
burns should be prepared for debridement fol-
lowed by autografting or flap reconstruction.
However, these options may not be suitable for
every patient. There are numerous challenges,
which limit standard methods of repair, such
as concurrent trauma of other organs, poor
general condition, questionable underlying
wound bed viability, limited donor sites; thus,
we have to consider skin substitutes. Skin sub-
stitutes remain a fundamental part of the burn
therapy system. They vary from skin allografts
over xenografts to the dermal matrix [4]. Their
common role is to overcome these challenges,
with the greatest possible functional and aes-
thetic outcomes [5].

The aim of this report was to share our ex-
perience of the treatment by skin substitutes in
the polytraumatized burn patient.

CASE REPORT

We present a case report of a 46-year-old man
whose both legs, gluteal, and scrotal area were
crushed by a glowing-hot metal construction
at his work place.

Initially, the patient was referred to the
Emergency Center under polytrauma alert,
where he was examined by a neurosurgeon,
an orthopedic surgeon, a thoracic surgeon,
and an anesthesiologist. An X-ray of the tho-
rax, ultrasound of abdomen, and multidetec-
tor computed tomography of the cervical spine
revealed evidence of multiple rib and vertebral
fractures, as well as lungs’ contusion with local-
ized bilateral hemothorax.

Due to the nature of the injuries, the patient
was admitted and evaluated at our clinic 6.5
hours after the accident. The patient suffered
third-degree contact burns with total burned
body surface area of 15%, including the lower
extremities, gluteal, and scrotal area (Figures
1A and 1B). At the fifth posttraumatic day,
after bilateral thoracentesis, which had to be
performed, patient underwent surgical debride-
ment, followed by autografting on his right leg
to the level of the fascia; the left thigh served as
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the donor site (Figure 2). Twelve days after
autografting, due to partial failure of the
autografts, we had to perform allografting,
because of poor general condition and the
limitation of the local donor site (Figure
2A). On the 23rd hospitalization day, au-
tografting was performed again (Figure
2B), and the result was stable epithelium
on the right lower extremity. Dressing
changes were performed throughout
treatment. Scrotal and gluteal areas were
successfully reconstructed by autografting.

Furthermore, successive debridements
and partial otectomy resulted in the left
knee soft tissue defect with exposed patella

Figure 3A).

Figure 1. Local status on admission: third-degree burns to the lower extremities, scrotal, and ( g ) .

gluteal area, which covered 15% of the total body surface area; patient on admission: A) right Our patient was not a candidate for flap
leg; B) left knee reconstruction, because there were scars

from previous donor sites. Therefore, we
considered dermal replacement matrices
in order to augment and improve the re-
generation of the dermis. After 30 days,
anterior part of the left knee after oste-
otomy was covered by the INTEGRAR ma-
trix (LifeSciences, Plainsboro, NJ, USA).
An INTEGRAR patch 20 x 15 cm in size
(Figure 3B) was placed over the gap of
- 7 x 5 cm with exposed bone, thereafter

: , >4 affixed and covered with an antimicro-

A y { - bial dressing (Figure 3C). No vacuum

Figure 2. A: Fifth post-traumatic day - the right lower extremity after autografting; B: 12th day therapy was performed. The wound was
after autografting; partial failure of autografts; we performed allografting with fresh donor skin;  ingpected five days after the placement

C: status post allografting followed by autografting of the INTEGRAR matrix. On the 18th
postoperative day, the outer silicon layer
was removed and neodermis was formed,
which measured 22 x 18 cm (Figure 3D).
Ultrathin split-thickness skin 1:1.5 meshed
autograft, harvested from the left calf, was
applied over the neodermis. The wound
was completely healed with stable cover-
age. Postoperative course was uneventful,
and a six-month follow-up revealed resis-
tant tissues on both sides, right and left.
With no contracture, with normal skin
pliability and normal range of movement,
but also with superior quality of scars on
the side treated by the INTEGRAR matrix.
We were more satisfied with the side cov-
ered by the INTEGRAR matrix.

We confirm that we have read the jour-
nal’s position on issues involving ethical
publication and affirm that this work is
consistent with those guidelines. All pro-

Figure 3. A: Radical debridements and partial ostectomy resulted in the left knee defect with
exposed patella; B: in the preoperative planning, an INTEGRA patch of 20 X 15 cm in size was
selected; C: placement of the INTEGRA matrix; the defect of the left knee that was managed with cedures performed in studies involving
the INTEGRA matrix; D: status — post INTEGRA matrix placement; 18th day after initial INTEGRA human participants were in accordance

matrix placement; the INTEGRA matrix had incorporated; treated area led to neodermis forma-

tion. which measured 22 X 18 cm with the ethical standards of the institu-

tional and national research committee
and with the 1964 Helsinki declaration
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highlighted the area with exposed bone
without periosteum on the left knee,
which was covered by INTEGRAR, be-
cause our patient was not a candidate
for flap reconstruction. Accordingly, as
in our case, INTEGRAR may be indicat-
ed to cover deep wounds, especially in
weakened patients who are not eligible
for flap rearrangement [12]. Regarding
the anatomical site, the knee is largely
a subcutaneous joint, which has to be
promptly and properly covered with
well-vascularized tissue. Various op-
tions have been used in the reconstruc-
tion of these defects: local muscle flaps,
fasciocutaneous flaps, and free flaps

Figure 4. Ambulatory follow-up after six months; full range of motion of the left knee joint
without contracture as well as satisfactory aesthetic result (A); comparing the quality of scars,
skin texture, and pliability on the right and the left side show better results on the left side (B)

and its later amendments or comparable ethical standards.
Written consent to publish all shown material was obtained
from the patient.

DISCUSSION

Burn wound closure within the first five days is optimal,
but this is often difficult to achieve in polytrauma patients,
with concurrent traumatic injuries. Although debridement
of full-thickness burns and autologous grafting remains the
gold standard for treatment of third-degree burns, there are
some challenging occasions, when we have to use skin sub-
stitutes with biological properties. Whenever the available
skin donor sites are limited or the overall patient condi-
tion does not permit the coverage of excised burn wounds
with autologous skin, there may still be a clinical demand
for human allograft skin as a temporary biologic dressing
[6]. As there is no skin bank in our country, we used skin
allografts from living human donors.

Regarding the depth, reconstruction of soft tissue de-
fects, resulting from the debridement of full-thickness
burns, may extend deeper, to exposed bone, with denud-
ed periosteum. These defects are not amenable to skin
grafting; thus, a flap is needed, which is already standard
care for lower-extremity injuries with exposed bone [7-
10]. However, this option may be unavailable because of
not only inadequate adjacent tissues but also due to poor
overall condition or is technically difficult to perform
[11]. Lee et al. [10] presented that INTEGRAR matrix
provides stable, long-term coverage for lower-limb burn
injuries with exposed structures, with better aesthetic re-
sults compared to prolonged granulation followed by skin
grafting or bulky tissue flaps, and allows the coverage of
vital structures when flaps are unavailable or not a good
option. Guerra et al. [11] have also noted an extraordi-
nary capacity for INTEGRAR to bridge avascular gaps
in the wound bed in very deep burns to the extremities
over small areas of bone and tendon. Interestingly, we

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):701-705

[13, 14]. Products such as INTEGRAR

achieved optimal results, which “chal-

lenge the current gold-standard treat-
ment” for lower-extremity defects with the anti-scarring
effects — thus, they promote better aesthetic results with
less resultant scarring [15].

INTEGRAR artificial skin was developed by the coop-
erative work of the Massachusetts General Hospital and
the Institute of Technology in the 1970s. Additionally, the
first described use of INTEGRAR® was by Yannas and Burke
[16]. INTEGRAR® dermal regeneration template is a dual-
layer regeneration template composed of cross-linked bo-
vine collagen and glycosaminoglycan from shark cartilage
coated with an outer thin temporary epidermal substitute
layer of a polysiloxane polymer (silicone) [16]. Its archi-
tecture provides ideal physicochemical conditions, leading
to dead space elimination, control of bacterial invasion,
prevention of water loss, while simultaneously ensuring
cell migration with vascular growth, which are important
for neodermis formation. Since its introduction in 1981, it
has been successfully used for burn injuries [17]. Infection
remains the most common complication of INTEGRAR
use, underlining the need for careful wound bed excision
and meticulous hemostasis [18]. Despite, the main reason
for its limited use in clinical practice is certainly its high
cost [19]. However, since the introduction, several stud-
ies have been published from all over the world, proving
its ability to vascularize over small areas of exposed bone
and tendon [10, 11, 20, 21]. Ben-Nakhi and Eltayeb [21]
concluded that INTEGRAR was easy to use, safe, and effec-
tive when used over exposed underlying structures in the
wound bed, including bones, tendons, and joints.

As in our case, many reports suggest that long-term
results using INTEGRAR lead to skin elasticity with no
evidence of hypertrophic scar formation or clinical con-
tracture [22]. There is some evidence which described
combined application of negative pressure wound therapy
(NPWT) and dermal substitutes [23]. NPWT is the appli-
cation of a negative pressure across a wound to improve
tissue repair and regeneration. The first commercially
available NPWT device marketed in the United States was
the Vacuum-Assisted Closure (VAC). Therefore, VAC uses
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negative pressure to prepare the wound for spontaneous
healing or for other reconstructive options.

Early surgical debridement was of great importance
for patient survival. Unlike standard methods of repair,
we used alternative methods such as skin substitutes as
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Challenges in surgery of deep burns

WU3a308K y XMpypruju 4y60KUx onekoTuHa

burbaHa hepTtuh!, Auhena Aumknh-Munenkosuh', Munat JoBaHoBuh'
'YHUBep3nTETCKN KNMHUYKY LieHTap Cpbuje, KnuHuKa 3a oNeKoTUHe, MNacTUYHY N PEKOHCTPYKTUBHY xupyprijy, beorpag, Cpbuja;

*YHneep3uTeT y beorpagy, MeanunHcku dakynter, beorpag, Cpbuja

CAMXETAK

YBopa OnekoTuHe nyHe febsbrHe Koxe npencTaBbajy 3HauajaH
13a30B y NOrNeAy XNPYPLIKOT fleyerba, nocebHo Kaga NcTo-
BPEMeHO MOCToje 1 NoBpeAe APYrvX opraHa. TpaanLioHa HW
TpeTmaH Jy6O0KIX ONEKOTIHA YKIbyuyje paHy eKCL3ujy nnu fe-
OpyAMaH HEKPOTNYHOT TKIBa, NMOC/E Yera ciefu npecahvsarbe
KOXe M PeKOHCTPYKLMja pexxtbeM. MocToje 6pojHY 13a30BY,
Kao LUTO Cy NoLue OnLITe CTakbe naLujeHTa, noBpeae Apyrux op-
raHa, ynuTHa B1jabunHOCT MoAsore paHe, orpaHnuyeHe AaBajyhe
peruje, Kafia MOpPamMo Y3eT/ Y pa3maTparbe CyrnCTUTYEHTe KOXe.
WHTETPA je auenynapHu fepmanHu CyncTUTyeHT Koja cTBapa
HaTUBHU AePMUC.

Linmb oBor paga je 610 fa nogenvmo Halle UCKYCTBO Jleyera
CYNCTUTYEHTMMA KOXe KO NOMTpayMaT30BaHoOr naLujeHTa
Ca oneKoTMHama.

Mpuka3s 6onecHuKa MNpukasyjemo 46-roguniirber MyLKapLa
Ca TeWKNM KOHTaKTH/M ONEKOTUHCKUM paHama 3ajeHoO ca
BMLLECTPYKMM Npenommma pebapa v NpLUfbeHOBA, Kao 1 KOH-
Ty3ujom niyha ca nokann3oBaHM GunatepanHim XeMoTopak-
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com. MaupjeHT je 3apo6ro onekoTrHe Tpeher cTeneHa AoHbUX
EKCTpeMuTETa, Koje Cy 3axBaTasie CKpOTalHU 1 riyTeanHn Aeo
1 obyxsatune 15% yKynHe nospLuvHe Tena. [ogBpryT je pa-
HOj eKCLM3Mj1 HEKPOTUYHOT TKMBa JeCHe Hore ca HakHaJHOM
ayTOTpaHCMIaHTalumjom Koxe, mehyTum, 36or fenumuyHor
nn3unpatba ayToTpaHcnnaHTata 6unu cmo npuHyhern aa ypa-
AVMO anoTpaHcnaHTaumjy npaheHy KacH1jom ayToTpaHcnaK-
Taumjom 360r orpaHMyeHnx MecTa gaBajyhe peruvje u nower
onTer cTaka naumnjeHta. CykuecmsHu aebpramaHm 1 nap-
LjanHa ocTeKToMMja AOBeNy Cy [0 fedeKTa eBOr KosieHa ca
eKCnoHvpaHoMm natenom. [lakne, y Luuiby peKoHCTpyKLuje no-
cnepuyHor fedeKTa 1 npesBeHLyje KOHTpaKType 3r1oba, AedeKkT
je dunanHo nokpuser MHTETPOM.

3ak/byyak Hawe nckycTBo je nokasano ga MHTEMPA cnpeyaBa
dYyHKLMOHaNHy OHecnocobs/beHOCT 1, Mopep Tora, AOBOAM [0
OMTUMAaNHNX eCTETCKUX pe3ynTaTa.

KmyuHe peun: IHTEIPA; onekoTuHe nyHe febsbuHe KoXe;
€KCMOHMpPaHa KOCT; KOXHY TPaHCMIaHTaTh; PeXteBU; PEKOH-
CTpyKUMja
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misdiagnosed for splenomegaly
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SUMMARY

Introduction Most patients with liver hemangiomas are unrecognized, when symptoms occur it is usually
due to the size of the hemangioma. Hemangioma of the liver are benign tumors which affects women
more often. Surgical indications for liver resection remain unclear.

Case outline We present a patient with a giant hemangioma of the left liver lobe that was misdiagnosed
in a primary care unit. The patient underwent resection of the left liver lobe and fully recovered after

several days.

Conclusion Symptoms, size, and risk of rupture should be considered when decision for surgery is made.
Linear stapler can be useful especially when left and middle hepatic vein have common trunk.
Keywords: liver; hemangioma; surgery; liver resection

INTRODUCTION

Liver hemangioma is one of the most common
benign lesions of the liver, which can affect
20-30% of the general population. It is more
diagnosed in women than in men with ratio up
to 5:1 [1]. Hemangiomas are usually diagnosed
incidentally on computer tomography (CT),
magnetic resonance (MRI), or ultrasound (US)
of the abdomen. They usually grow silently but
it can be manifested as abdominal pain if it
grows larger than 10 cm. Hemangiomas larger
than 4 cm are diagnosed as giant liver hemangi-
omas based on literature [2, 3]. Pathogenesis is
not clear, but it is a congenital vascular malfor-
mation or a hamartoma [4]. At histopathology
exam, it is usually revealed as a mesenchymal
lesion consisting of blood-filled vascular cavi-
ties of different sizes, surrounded by a simple
layer of flat endothelial cells, supported by a
tibrous connective tissue.

The aim of our work is to present a rare
giant hemangioma of the liver initially inter-
preted as splenomegaly. We also present the
operative technique and a review of the cur-
rent literature.

CASE REPORT

A 45-year-old female patient was admitted to
the hospital at the Hematology Department
for further examination as massive spleno-
megaly was verified on an abdominal US. After

admission to our hospital, we performed a CT
scan of the abdomen, which showed a discrep-
ancy in relation to the US finding of the abdo-
men. Namely, a liver tumor in the left lobe was
verified, after which an MRI with retrograde
cholangiopancreatography was performed and
the CT findings were confirmed - more pre-
cisely, a giant tumor of the left lobe of the liver
was verified, occupying the left hypochondriac
and left lumbar quadrants of the abdomen. The
tumor around 22 cm in diameter dislocated the
spleen towards the pelvis was (Figure 1). The
patient reported discomfort in the abdomen
and decreased appetite. Laboratory values were
between the reference ranges, including alpha
fetoprotein, carcinoembryonic antigen, and
cancer antigen 19-9. Based on the performed
diagnostics and laboratory parameters, the
conclusion was that it has been a giant heman-
gioma of the liver. An indication for operative
treatment was established. Firstly, embolization
of the left branch of the hepatic artery was at-
tempted in order to possibly reduce the volume
of the tumor, but, for technical reasons, the pro-
cedure was not performed successfully. Since
the tumor was bigger than 20 cm in diameter,
surgical team opted for “J” laparotomy. After
incision, when we approached the abdomen, a
giant-left-lobe liver was presented that occupied
the left side of the abdomen. The next step was
extrahepatic dissection, after identification of
the left side of the hepatoduodenal ligament.
The left hepatic artery was taped, followed by
the left portal vein being taped, and dissected
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hemangioma; ¢, d - intraoperative finding and placed linear stapler

Figure 2. a, b, ¢, d - Pathological images, showing proliferation of blood vessels with
thinned walls covered by endothelium without atypia (H&E, 5 x)

as far as the root of the right portal vein. The left hepatic
duct was identified just above the left portal vein. The falci-
form, right and left coronary, and left triangular ligaments
were incised to mobilize the left lateral section. The inferior
vena cava ligament, which fixes the caudate lobe to the cava
from behind, was ligated and divided. After these steps,
parenchymal dissection was begun on the inferior surface
and was continued along the middle hepatic vein with lin-
ear stapler (Figure 1). The left and the middle hepatic vain
had a common trunk, so the stapler was very useful. The
tumor weight was 3200 g after being pulled out from the
abdomen. The postoperative period was uneventful, and
the patient was discharged from hospital on the fifth post-
operative day. A histopathological finding revealed that the
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Figure 1. a, b - Magnetic resonance showing enlarged left lobe of the liver due to

tumor consisted mainly of a large number of
abnormally dilated blood sinuses, there were
no signs of endothelial atypia (Figure 2).

DISCUSSION

Liver hemangioma is the most common
hepatic tumor, and it more often affects
women than men. The reason for this sex-
related occurrence inequality may be that
some hemangiomas express estrogen recep-
tors — those hemangiomas tend to grow dur-
ing pregnancy and oral contraceptive drug
use [1, 5]. Previously, hepatic hemangiomas
larger than 5 cm in diameter were consid-
ered giant hepatic hemangiomas. However,
data from the active literature indicate that
hemangiomas with a diameter greater than
10 cm should be considered giant, which is
more in line with the characteristics of the
tumor and the requirements for diagnosis
and treatment [6]. Extremely giant hepatic
hemangiomas (> 10 cm) are rare and gen-
erally asymptomatic. When the symptom-
atology is present, it is mostly related to the
compressive effect on the surrounding orga-
novascular structures, resulting in a feeling
of discomfort in the abdomen, pain, nausea,
etc. [7, 8].

The patient we are presenting was of
medium ostemuscular structure, and her
chief problem was the size of the liver tu-
mor. Namely, she had a feeling of heaviness
and bloating in her stomach, inability to lie
on her left side, frequent nausea.

The diagnostic methods for hepatic hem-
angioma include US, CT, MRI, scintigraphy,
and positron-emission tomography com-
bined with CT, angiography [9]. At US it
usually presents as a hyperechogenic lesion
with posterior acoustic enhancement. In CT,
the density of the lesion is the same as the
vessels. In MRI, it presents as homogenous
and hyperintense on T2-weighted images,
hypointense on T1-weighted images [10, 11].

In our case, we applied a CT protocol for hemangioma
[12], and also performed MRI of the abdomen with ret-
rograde cholangiopancreatography in order to fully assess
the relationship of the tumor with the biliary ducts and
surrounding organovascular structures.

In addition to abdominal discomfort and the size of the
lesion, indications for surgery include spontaneous or trau-
matic rupture, rapidly enlarging lesions, Kasabach—Merritt
syndrome, and unclear diagnosis (suspect of malignancy)
[8, 13]. Treatments may be radiofrequency ablation, mono-
clonal antibody therapy, radiation therapy, trans-arterial
embolization, interferon therapy, liver transplantation, and
surgical procedures (enucleation or resection) [14, 15].
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General consideration between surgical approaches is that
enucleation is performed in a shorter operative time, but
the capsule of hemangioma rupture bleeding is hard to get
under control; in contrast, during resection when left he-
patic vein is occluded, and pringle maneuver is made along
with decreased central venous pressure, operative time can
be shortened, and bleeding can be less. Also, intraopera-
tive venous bleeding can be reduced by lowering central
venous pressure and portal vein pressure by reducing col-
lateral vessel filling, which helps to reduce intraoperative
venous bleeding [16].

Since the hemangioma in our patient occupied almost
the entire left lobe of the liver, along with the fact that the
arterial embolization was not successfully performed, we
decided on surgical treatment, i.e. resection of the liver
using the stapler technique.

Hemangioma of the liver is a benign disease, which,
however, can cause certain problems that impair the
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Benuku xemaHrnom nesor n06yca jetTpe UHULMjaNHO NPOTYMAUEH Kao

cnaeHomeranuja
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CAMETAK

YBopg BehiHa XxemaHrnoma jeTpe je HenpenosHata Kog 60-
JIECHVKA, a Kafa Cce CMMMTOMM MojaBe, TO je YrlaBHOM 3601
BEJIMUYMHE NPOMeHe. XeMaHr1omu jetpe cy 6eHUrHu Tymopy,
Koju cy yewhn y XeHckoj nonynauuju. KoHceH3yc oko ofyke
0 onepauuju 1 pecekumju jeTpe He NoCToju, N3y3eB Kaga Cy Yy
nuTakby pynTypa XxemaToma 1 KpBapete.

Mpukas 6onecHuka bonecHuua je npumsbeHa y 60HMLY
MoA CYMHOM Ha CrijieHoMeranujy, a Aa/biM PagnonowWwKmMm
NCNMTMBabeM AOKa3aH je BENKM TYMOP NEBOT pextba jeTpe.
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C 0631pOM Ha BeNMYMHY NMPOMEHE, YUUHEHa je peceKLmja Jie-
BOTI peXtba jeTpe ca XxeMaHrnomom. bonecHuua je y sobpom
OMLITEM CTakby OTMYyLWTEHA U3 6ONHULE YETBPTOr NocTonepa-
TVBHOT faHa.

3aksbyyak BenmuvHa, CUMNTOMU 1 PU3VIK O PYMTYPE XeMaHr -
oma Tpeba fia byay rmaBHM KpUTEPUjyMM Kafia ce BOHOCH OfTy-
Ka O onepaTMBHOM Jieyetby XxemaHroma jetpe. Kopuwheme
cTaniepa moxe 61T KOPMCHO NPUMKOM peceKLuje, NocebHO
Kafa neBa 1 Cpefrba XenatriyHa BeHa MMajy 3ajeiHNYKM TPYHKYC.
KrbyuHe peum: jeTpa; xeMaHrom; XMpypruja; pecekumja jetpe
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Association of bilateral inferior vena cava with
azygos and hemiazygos continuation and aortic
coarctation in a child
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SUMMARY

Introduction Developmental variations of the inferior vena cava (IVC) rarely cause symptoms, and they
are usually detected during routine examinations performed for other reasons. The prevalence in the
general population is between 0.07% and 8.7%. Various anomalies of the IVC can be seen depending
on abnormal regression or abnormal persistence of embryonic veins. They are usually associated with
more complex intracardiac and atrioventricular septal defects, partial anomalous pulmonary venous
connection, and pulmonary atresia.

Case outline We presented an 18-month-old patient with double IVC, IVC interruption, azygos, and
hemiazygos continuation associated with aortic coarctation. The vein malformation was discovered during
percutaneous balloon angioplasty of the aortic re-coarctation and confirmed by using cross-sectional
imaging modalities. Our patient had no symptoms of [VC malformation.

Conclusion In clinical practice, double IVC should be suspected in patients with recurrent pulmonary
emboli. Another important point in practice is the identification of those anomalies to avoid potential
complications of retroperitoneal surgery and cannulation during cardiac surgery.

Keywords: double inferior vena cava; interruption of inferior vena cava; hemiazygos continuation; azygos
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continuation

INTRODUCTION

Developmental variations of inferior vena cava
(IVC) are described with the incidence in the
general population between 0.07% and 8.7%,
and they are primarily asymptomatic [1]. They
are usually associated with more complex intra-
cardiac and spleen lesions (polysplenia/asplenia
syndrome), but in some patients, they were de-
tected during routine examinations performed
for other reasons [2-6]. The most frequent
congenital abnormalities include circumaor-
tic left renal vein in 1.5-8.7% of patients, 2.1%
patients had retroaortic left renal vein, 0.2-3%
had double IVC, 0.6% had azygos or hemiazy-
gos continuation of IVC, and isolated left-sided
IVC was found in 0.2-0.5% [7]. These anoma-
lies reflect the complicated and multisegmen-
tal character of the IVC development during
embryogenesis [3-6].

We presented a two-year-old child with aortic
coarctation, IVC duplication, intrahepatic agen-
esis and azygos and hemiazygos continuation.

CASE REPORT

A newborn was admitted to our Institute due
to a prenatal diagnosis of the hypoplastic left
chamber and aortic arch. At the admission, the

echocardiographic finding pointed out a poorly
developed left ventricle, bicuspid aortic valve
(BAV), aortic coarctation and pulmonary hy-
pertension. Minor atrial and perimembranous
ventricular septal defects and intrahepatic IVC
agenesis were described. At six days old, aortic
coarctation surgery was performed. During
the follow-up period, on echocardiography ex-
aminations, re-coarctation was observed. At 18
months old, percutaneous balloon angioplasty
was performed. During the heart catheteriza-
tion, IVC malformation with intrahepatic IVC
agenesis was observed (Figure 1).

MDCT examination of the abdomen was
performed for better evaluation of venous
anomalies. The double IVC was formed by
the confluence of the ipsilateral right and left
common iliac veins, and the duplication was
seen on both sides of the aorta (Figure 2A).
The right renal vein joins into the right IVC
and the left into the left IVC. The IVCs had two
communications: at the level of common iliac
veins and renal veins with retroaortic course
(Figure 2B). The intrahepatic agenesis of the
IVC was described, with azygos and hemia-
zygos continuation of the right and left IVC.
The hemiazygos vein joins the azygos vein at
the usual place (Figure 2C), and the azygos
vein drains into the superior vena cava (SVC).
Hepatic veins drain into the right atrium.



Bilateral inferior vena cava with azygos and hemiazygos continuation and aortic coarctation

Figure 1. Coronary plane - double inferior cava vein
with intrahepatic agenesis, hemiazygos and azygos
continuation

Figure 3. A - schematic diagram showing early formation of the posterior cardinal veins
(red), subcardinal veins (white), and supracardinal veins (blue); B - interruption of the
hepatic segment of double inferior vena cava (right and left) with hemiazygos and azygos

continuation; the left inferior vena cava reaches the azygos vein through the hemiazygos
vein; the subcardinal part is missing; supracardinal veins (blue) persist bilaterally

Figure 2. a - Inferior vena cava duplication, with interiliac communication from the right common iliac vein (type 2c); b - retroaortic communi-
cation at the level of renal veins; c — hemiazygos vein drain into azygos vein at the usual place; asterisk - inferior vena cava; arrow — hemiazygos
- azygos drain place

The local ethics committee approved the manuscript.
Written informed consent was obtained from the patient’s
parents to publish any potentially identifiable images or
data in this article.

DISCUSSION

The retroperitoneal venous system undergoes develop-
ment between the 4th and 8th gestational week. The IVC
development is a complicated embryological process in-
cluding the growth, regression, midline anastomoses, and
replacement of three pairs of embryological veins (poste-
rior cardinal, subcardinal, and supra cardinal veins) and
the vitelline veins [1-5]. The infrahepatic IVC develops
from a set of three paired parallel cardinal veins, while
the cranial segment of the right vitelline vein emanates

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):710-713

suprahepatic IVC. The retrohepatic segment is derived
from an anastomosis between the cranial segment of the
right subcardinal vein and the right vitelline vein (Figure
3 A) [2-6]. Varied IVC anomalies can be seen pivoting on
abnormal regression or persistence of embryonic veins [3].

The prevalence of bilateral IVCs is 0.2-3%, resulting
from the persistence of both right and left supracardinal
veins (failure of regression) [1-6]. The most typical setup
implies two distinct IVCs originate from each iliac vein,
as in our case. However, in most cases, the left IVC ter-
minates at the level of the left renal vein, crossing over to
join the right IVC [2-7]. Wolthard et al. [7] presented a
patient with bilateral IVC with azygos continuation and the
supradiaphragmatic join of hemiazygos and azygos vein.
This patient was like ours, but our patient had two connec-
tions between IVCs and associated congenital anomalies
(double IVC type 2c¢ [8]).
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Interruption of IVC is distinguished by the lack of su-
prarenal IVC, with a preponderance of 0.6-2.1%. It is the
consequence of ineffectual anastomosis of the right subcar-
dinal and hepatic vein, and on the other side atrophy of the
right subcardinal vein (maldevelopment). Consequently,
owing to agenesis of the hepatic tract of the IVC, the blood
circulating in the caudal segments of the vessel reaches the
azygos system, partially emanating from the right supra
cardinal vein [1-5, 8, 9]. Both azygos and hemiazygos con-
tinuation occur, but azygos continuation is more frequent
[4]. Although our patient had double IVC with azygos
and hemiazygos continuation, the supracardinal system
is entirely persistent (Figure 3B). Interruption of IVC is
characterized by the absence of suprarenal IVC, with a
prevalence of 0.6-2.1%. It is caused by failure of the right
subcardinal-hepatic anastomosis and atrophy of the right
subcardinal vein (loss of development). Consequently, ow-
ing to agenesis of the hepatic tract of the IVC, the blood
circulating in the caudal segments of the vessel reaches
the azygos system, partially derived from the right supra
cardinal vein [1-5, 8, 9]. Both azygos and hemiazygos con-
tinuation occur, but azygos continuation is much more
common [4]. Although our patient had double IVC with
azygos and hemiazygos continuation, the supracardinal
system is entirely persistent (Figure 3B).

Hemiazygos and azygos continuation of the IVC with
SVC interruption has been commonly related to situs in-
versus, asplenia, polysplenia syndromes, atrioventricular
septal defects, partial anomalous pulmonary venous con-
nection, and pulmonary atresia [1, 3, 4, 5, 8]. Our patient
had BAYV, aortic coarctation and a poorly developed left
ventricle; however, vein malformation was detected dur-
ing balloon angioplasty. A case with BAV, aortic coarcta-
tion and uninterrupted left-sided IVC was described in
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the literature, but this patient had unilateral IVC [10].
Karadeniz et al. [11] presented an adult patient with aortic
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The prevalence of thromboembolic complications in
patients with double IVC is unexplored, but the literature
data showed that those patients had an increased incidence
of thrombosis. In patients with recurrent embolic disease,
IVC filter placement may be impacted by anomalies of
the IVC and may require different techniques for each
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might also develop sick sinus syndrome [1].
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and require no intervention. This case demonstrates an
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tic coarctation. The vein malformation was discovered in
the catheterization room and confirmed using cross-sec-
tional imaging modalities. Our patient had no symptoms
of IVC malformation. In clinical practice, double IVC
should be suspected in patients with recurrent pulmo-
nary emboli. Another important point in clinical practice
is the identification of those anomalies to avoid potential
complications of retroperitoneal surgery and cannulation
during cardiac surgery.
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Mose3aHocT bunatepanHe AoHE WYN/be BEHE Ca a3Ur0C N XeMUa3Uroc
KOHTUHYaLMjOM U KOQPKTaLMjoM aopTe Koa AeTteTa

Crawa Kpacuh', BecHa Tonuh?, Bnagucnas BykomaHoBuh'2
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2/HCTUTYT 3a 3ApABCTBEHY 3alTUTY Majke U fieTeta Cpbuje ,Jp BykaH Yynuh', Cnyx6a 3a paguonorujy, Beorpag Cpbuja;

3YHneep3uTet y beorpagy, MeguunHcku pakyntet, beorpag, Cpbuja

CAXETAK

YBop Pa3BojHe aHOManuje forbe wynsbe BeHe (JLUB) petko
13a31Bajy CUMNTOME, a OTKPMBAjy Ce YrNaBHOM TOKOM PYTUH-
CKUX npernefa n3 gpyrux passnora. lMpesaneHymnja y onwroj
nonynaumju je nsmehy 0,07% v 8,7%. AHomanuje ALLIB mory
61TN Nocnepnua abHopManHe perpecuje UK nep3ncTmpama
emMbprioHanHKX BeHa. OBUYHO Cy YAPYKEHU Ca CTIOKEHUUM
ypoDheHVM CpyaHNM MaHama, Kao LUTO je aTPUOBEHTPYIKYTAPHU
cenTanHu aedekT, napLumjanHUm aHoMaaHUM ynrBoM nayhHUX
BeHa 1 atpesujom nnyhHe apTepuje.

Mpukas 6onecHuKa Mprkasanm cmo 18-meceyHor 6onecHuKa
ca gsoctpykom [ILUB, npekngom [LLB, a3uroc n xemuasuroc
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KOHTVHyaL{MjoM ca KoapKTaLmjom aopTe. Mandopmaumja [LLB
je OTKprIBeHa TOKOM NepKyTaHe 6anoHCKe aHronnacTuKe pe-
KoapKTaLuje aopTe, a noTBpheHa je KomnjyTepr3oBaHOM TOMO-
rpadujom. bonecHUK Huje UMao cumnTome Mandopmaumje [LLB.
3aKsbyyak Y KIMHWYKOj Npakcy Tpeba cymmatu Ha aynny [ILLIB
Kog 6onecHuKa ca pekypeHTHoM nnyhHom embonujom. Takohe,
BaXHa je naeHTndrKaLvja oBMx aHomanmja Kako 6u ce nsberne
Moryhe KOMMIMKaLmje peTponepyToHeasiHe XMpypruje 1 KaHy-
naumje TOKOM KapaMoX1pypLUKMX npoLeaypa.

KrbyuHe peun: fynna fotba LWynsba BeHa; NpeKng Aoke Lynbe
BEHE; a31roc 1 XemMmasunroc KOHTMHyauwja
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SUMMARY

Introduction Von Hippel-Lindau disease is a hereditary, autosomal dominant, tumor syndrome with a
predisposition to developing various benign and malignant tumors. Retinal hemangioblastoma is often
the presenting manifestation. We report a case of Von-Hippel-Lindau disease in a 13-year-old girl with
bilateral eye involvement.

Case outline The patient was referred to the Eye Clinic, University Clinical Center of Serbia, with a diag-
nosis of Coats disease. Clinical examination revealed that best corrected visual acuity was 20/20 on her
right eye, while her left eye showed counting fingers at 20 cm distance. Dilated fundoscopy of the right
eye revealed multiple tortuous feeding vessels leading to orange-reddish, sharply demarcated multiple
lesions on the far periphery of the upper retina, corresponding to retinal hemangioblastoma. the left
eye showed edematous optic nerve head, tortuous retinal vessels, exudates, and retinal detachment
including macula. Considering that the patient had multiple bilateral retinal hemangioblastomas and that
her father had pathohistologically proven brain hemangioblastoma and numerous visceral tumors, Von
Hippel-Lindau disease was assumed. Focal argon laser photocoagulation was performed in the region
of all visible vascular tumors and feeding vessels in the right eye. The patient’s visual acuity remained
unchanged five months after the disease detection.

Conclusion The importance of education about dominant inheritance pattern of Von Hippel-Lindau
disease cannot be overemphasized. Role of an ophthalmologist is critical in early diagnosis of both retinal
hemangioblastoma and Von Hippel-Lindau disease.
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INTRODUCTION

Von Hippel-Lindau disease (VHL) is a heredi-
tary, autosomal dominant tumor syndrome.
Patients are predisposed to develop various
benign and malignant tumors, especially reti-
nal hemangioblastomas (RH), central nervous
system (CNS) hemangioblastomas, and renal
tumors; however, other neoplasms can also oc-
cur, including adrenal gland, pancreatic, inner
ear, epididymal, and endolymphatic sac tumors.
The disease arises from a VHL tumor suppres-
sor gene mutation located on the third chro-
mosome. It usually presents in early adulthood.
The penetrance is over 90% until the seventh
decade [1, 2]. Incidence varies internationally
from around one in 36,000 to one in 91,000 [1].

RH is often the presenting manifestation of
the disease [2]. Clinically, the tumor appears as
red, orange, or pink, well-demarcated oval le-
sions, with tortuous and dilated feeding vessels.
The peripheral retina and the optic nerve head
(ONH) can be affected. Exudation is often seen
around the lesion and in the macular region [1,
3]. Bilateral involvement and multiple RH are
usual [3, 4].

Diagnosis and screening of VHL demand
a multidisciplinary approach in which an

ophthalmologist plays an important role.
Timely diagnosis is essential since the disease is
both vision- and life-threatening. Genetic test-
ing and clinical assessment are recommended
in patients with known family history even
when asymptomatic, as well as in all patients
with hemangioblastoma. Screening consists of
regular physical evaluation, ophthalmic and au-
diological examination, brain and abdominal
magnetic resonance imaging (MRI), all of these
beginning from early childhood [1, 2].

We report a case of VHL in a 13-year-old girl
with bilateral eye involvement.

CASE REPORT

A 13-year-old girl was urgently referred from a
regional eye center to the Eye Clinic, University
Clinical Center of Serbia, with retinal detach-
ment in the left eye and diagnosis of Coats dis-
ease. Medical, ocular, and family history were
taken from the girl’s mother. She reported that
girl was healthy, had no known medical condi-
tions, had a full-term delivery, and complete
immunization was performed. The history of
ocular diseases and trauma was also negative.
While taking a detailed family history, we found
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Figure 1. Color photos of the right eye on admission where a single
retinal hemangioblastoma is clearly identifiable in extreme superior
periphery (arrow)

Figure 2. Color photos of the left eye on admission showing retinal
detachment with underlying retinal hemangiomas (arrows)

out that the girl’s father had died two months prior from
kidney disease. Additionally, 17 years prior, he had a brain
tumor surgery.

A clinical examination revealed that best corrected vi-
sual acuity measured on the Snellen chart was 20/20 on
her right eye, while her left eye showed counting fingers at
20 cm distance. Intraocular pressures were within normal
limits. The left pupil was slightly wider and the light reflex
was slower. Both anterior segments and eye motility were
normal. Dilated indirect fundoscopy of the right eye re-
vealed multiple tortuous feeding vessels leading to orange-
reddish, sharply demarcated multiple lesions on the far
periphery of the upper retina, corresponding to RH. The
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Figure 3. Fluorescein angiography of the right eye on admission, show-
ing areas of leakage in the superior periphery, which corresponds to
retinal hemangioblastomas (arrows)

Figure 4. Fluorescein angiography of the left eye of typical periph-
eral retinal hemangioblastomas showing early hyperfluorescence and
marked late-phase leakage while subretinal exudation was seen as
blocked hyperfluorescence

macular region and ONH of the right eye were unaffected
(Figure 1). The left eye showed edematous ONH, tortuous
retinal vessels, exudates, and retinal detachment includ-
ing macula (Figure 2). Optical coherence tomography and
optical coherence tomography angiography could not be
performed on the left eye due to massive exudation and
retinal detachment, while both were normal on the right
eye. The patient was admitted to the hospital for further
evaluation and treatment. On admission, b-scan ultraso-
nography and fluorescein angiography were conducted.
Ultrasonography of the right eye was normal, while, on
the left eye, it showed a hemorrhagic retinal detachment
of the lower retinal parts, including the macular region,
with a large intraretinal cyst. Fluorescein angiography of
the right eye showed tortuous feeding vessels with early
and marked late phase leakage from the clinically visible
tumors (Figure 3). Left fluorescein angiography corre-
sponded with clinically described retinal detachment with
diffuse leakage from retinal vessels of the upper, attached
retina and underlying RH (Figure 4). Prompt focal argon
laser photocoagulation (LPC) was performed in the region
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Figure 5. Color photo of the right fundus after the first focal
laser photocoagulation treatment

of all visible vascular tumors in the right
eye in order to prevent visual loss on the
only functional eye (Figure 5). Considering
that the patient had multiple bilateral RH
and that her father had a brain lesion and
kidney disease, VHL was assumed. During
hospitalization, brain MRI, pediatric, and
nephrological physical exams were obtained,
which were all normal.

On the first follow-up, 10 days after discharge, partial
vitreous hemorrhage and bleeding over the tumor were
observed. LPC spots were partially pigmented. The visual
acuity on the right eye was 20/20. The left eye findings
were unchanged. A thorough inspection of the father’s
medical documentation revealed that he had pathohisto-
logically proven brain hemangioblastoma. Furthermore, he
was diagnosed with multiple kidney and pancreatic tumors
and suspected to have VHL, while additional diagnostics
could not be performed due to his poor general health, at
that time. On the second and third follow-ups (a month
and two months after discharge, respectively), partial tu-
mor regression was observed; still, additional LPC treat-
ment was applied to the multiple tumor lesions and feeding
vessels of the right eye to ensure the prevention of further
complications (Figure 6). Regular monthly follow-ups have
been conducted and the patient’s visual acuity on the right
eye remained stable five months after the disease detection.

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

DISCUSSION

RH can be either sporadic or, more often, a part of the
VHL. A Danish retrospective national study from 2018 re-
ported genetically confirmed VHL in 84% of their patients

with RH [5]. These findings highlight the importance of
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Figure 6. Color photos of the right eye after additional focal laser photocoagulation
treatments a month (top row) and two months (bottom row) after discharge

thinking about VHL in all patients with RH and distin-
guishing cases with sporadic disease of those associated
with VHL, since malignant visceral neoplasms could be
present in the latter form.

VHL disease is typically confirmed through genetic
testing. Individuals with first-degree relatives suffering
from VHL should also undergo genetic testing in order to
detect those with the risk of tumor evolution and provide
them with an appropriate surveillance. If genetic testing
is unavailable, the diagnosis can be established based on
clinical criteria of at least one VHL manifestation and a
tirst-degree relative with confirmed disease or at least two
VHL tumors affecting different organs, of which at least
one has to be hemangioblastoma [1, 2]. According to these
standards, we can conclude that our patient’s father could
have been clinically diagnosed with VHL, as well as our
patient based on RH findings and positive family history.
The patient’s mother was unaware of the disease’s heredi-
tary nature and the need for surveillance of all descendants.
When family history is present, screening should ideally
consist of genetic testing and/or evaluation of organ sys-
tems diseases connected to VHL. The screening protocol
for RH starts from the first year and includes a dilated
indirect fundoscopy once a year [1, 2, 6, 7].

RH represents one of the most common tumors found
in VHL, occasionally diagnosed in childhood, as presented
in our case [1, 2]. The average age of presentation is 25
years, being the lowest compared to other VHL-related
tumors. The earliest reported onset was in the first year of
life [6]. Additionally, patients diagnosed with VHL have
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an earlier occurrence of RH compared to sporadic cases.
Consequently, RH is the first sign of VHL in up to 77%
of patients, which emphasizes the important role of an
ophthalmologist in disease detection [2-6]. A cohort study
that consisted of 335 subjects, examined the epidemiology
of RH in VHL and found no correlation to age, sex, and
laterality. The same study noticed a higher prevalence of
bilateral RH (57.9%), a predilection for peripheral retina
compared to juxta-papillary RH (84.7%), and an average
tumor number of 2.5 + 1.8 per eye [8]. Our patient had
bilateral disease and multiple tumors with typical appear-
ance, affecting the peripheral retina, which encompasses
characteristic clinical presentation of VHL. Still, she was
referred to our institution with suspicion of Coats disease.
When retinal exudation is present, Coats disease and reti-
nal macroaneurysm can be a differential diagnosis; how-
ever, our patient did not have visible retinal exudation on
her right eye. Other conditions that may resemble RH
include retinal vasoproliferative tumors, microvascular
abnormalities, congenital retinal arteriovenous malforma-
tions and papillitis, juxta-papillar choroiditis or choroidal
neovascularization in case of juxta-papillary RH [7]. For
that reason, examination of the dilated fundus is impor-
tant to identify any existing changes, especially in the far
periphery, where changes can easily be overlooked.

RH is benign in terms of its biological features. It can,
however, lead to visual impairing complications which cor-
relate with the tumor size. Exudation from the lesion, vitre-
ous hemorrhage and traction of the nearby retina are the
commonest [8, 9]. It is a slow-growing tumor that some-
times allows observation with close follow-up instead of
prompt treatment. Even so, treatment is required in most
cases. Specific guidelines for the treatment of RH have
not been published yet, therefore decision on the most
appropriate treatment method is based on clinical experi-
ence and literature data. LPC, with the aim to destruct
the tumor or the feeding vessels, is the mainstay of treat-
ment, except for RH near the macula or ONH [10, 11].
Krivosic et al. [9] treated 100 eyes with LPC alone and
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Nacepcka ¢poToKoarynaumja 3a peTMHaAHN XemMaHruobnactom

y ®oH Xunen-/lungayosoj 6onectu

JeneHa Bacunujesuh'?, Jenuua MaHtenuh'?, Jenena Mupkosuh', Jlejna an bapu®, Urop Kosauesuh'>
'YHuBep3uTeTCKN KNHUYKY LeHTap Cpbuje, KnuHuka 3a ouHe 6onectu, beorpag, Cpbuja;

*Yuueep3utet y beorpagy, MeanunHcku gakyntert, beorpag, Cpbuja;

3YHuBep3uTeT MeaunLmHe 1 dapmakonoruje ,Buktop babew’, Oacek 3a odpranmonorujy, Temuwsap, PymyHuja

CAMETAK

YBop OoH Xunen-JinHgayoBa 601ecT je ayTo30MHO AOMVHAHT-
HO HacnefHV TYMOPCKYM CMHAPOM Ca NPeANCrno3nLjom 3a pa-
3BOj Pa3NNUNTUX GEHUTHUX N ManUTHUX Tymopa. PeTrHanHu
XemaHrnobnacTom je yecto npea MaHUdecTaLja bonectu.
Mpukasyjemo cnyyaj ®oH Xunen-JlnHpgayose 6onectn Kog,
13-roguitbe feBojunLe ca 3axBaTatbem 06a oKa.

Mpukas 6onecHuka bonecHuua je ynyheHa Ha KnuHuKy 3a
OYHe 6051ecTn YHBEP3NTETCKOT KNMHMYKOT LieHTpa Cpbuje ca
AujarHo3om Koatcose 6onect. KnuHnuky npernep nokasao je
Haj60sbe KopKroBaHy BUAHY oWwTprHy 20/20 Ha AECHOM OKY, a
Ha N1IeBOM OKy 6pojatbe NPCTUjy Ha yaarbeHoCTU of 20 LeHTu-
MeTapa. [pernea fecHor oka y Muapujasu nokasao je 6pojHe
13BUjyraHe ncxpatbyjyhe KpBHe CyoBe Kojui cy Boguni o 6poj-
HMX HapaHLIaCTO-L|pBEHKACTHX, OLUTPO OrpaHnyeHunx fieuja
Ha Kpajtboj nepudepujn ropte peTmHe, Koju cy ofroBapanu
peTnHanH1mM xemaHrnobnactomuma. JleBo oKo je nokasano

DOI: https://doi.org/10.2298/SARH230526094V

OTOK [/1aBe OYHOT HepBa, U3BUjyraHe KpBHe Cyfl0Be, eKCyaa-
Te 1 abnaumjy peTuHe Koja je 3axBatana Makyny. Yaumajyhu y
063up fa je bonecHuLa nmana 6pojHe 060CTpaHe peTrHanHe
XemaHrnobsnactome U Aa je teH oTal, MMao NaToXVCTONOLIKM
AOKa3aH XeMaHr1ob1acTom Mo3ra Kao 1 pasHe BUCLiepasiHe
TymMOpe, NocTaB/beHa je cymma Ha DoH Xunen-JlnHgayoBy
6onect. DokanHa $poToKoarynalmja ca aproHCKMM Jlacepom je
yUntbeHa y pervjui CBMUX BUA/bUBMX BaCKySTapHUX TYMOpa 1 NC-
Xpatbyjyhnx KpBHYIX CyA0Ba Ha AECHOM OKY. BuaHa owTpuHa je
oCTana HempoMereHa NeT MeceLn Noc/ie oTKpuBara bonecTy.
3aKsbyuak 3Hauaj egyKalmje o JOMUHAHTHOM TURY Hacnehu-
Barba OoH Xvnen-J/lnHgayose 6051ectn He MoXxe 61TH NpeHa-
rnaLleH. ynora opranMonora je Kiby4yHa y paHoj injarHo3u Kako
peTvHanHor xemarHnobnactoma, Tako u ®oH Xvnen-Jinnaayose
6onectu.

KmyuHe peun: ®oH Xvnen-JInHgayosa 6onect; peTuHanHu
XemaHrvobnactom; poTokoarynawmja
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SUMMARY

Celiac disease is a multisystemic autoimmune disease induced by gluten in wheat, rye, and barley. It is
characterized by polygenic predisposition, prevailing prevalence in members of the white population
(1%), especially in close relatives (5-15%), very heterogeneous expression and frequent association with
other autoimmune diseases (3-10%), as well as selective deficiency of IgA and Down, Turner, and Williams
syndromes. The basis of the disease and the key finding in its diagnostics is gluten-sensitive enteropathy,
i.e,, non-specific inflammation of the small intestinal mucosa which resolves by gluten-free diet. In addi-
tion to enteropathy, whether symptomatic or asymptomatic, the disease is also characterized by various
extraintestinal manifestations, and even very serious complications. Therapy is based on a lifelong gluten-
free diet, so that the disorder, if diagnosed in time and treated consistently, has an excellent prognosis.

Keywords: celiac disease; pathogenesis; clinical forms; diagnostics

INTRODUCTION

Celiac disease (CD) is a systemic autoimmune
disease induced by gluten of wheat, rye, and
barley in genetically predisposed individuals
[1, 2, 3]. It occurs in all population groups,
and most often in members of the white race
(1:100) [3-6]. As to other autoimmune dis-
eases, it is more frequent in people of the fe-
male versus male sex (1.5:1 to 2:1) [7, 8, 9]. It
is particularly common in first- and second-
degree relatives (5-15%) [10]. With a slightly
lower frequency (3-10%) it occurs in patients
with other autoimmune diseases, selective IgA
deficiency and Down, Turner, and Williams
syndromes [1, 3, 6, 11-16].

The main feature of the disease and the basis
of its diagnosis is non-specific inflammation of
the small intestinal mucosa that resolves on a
gluten-free diet [1, 3, 6, 17, 18]. In addition to
damage of the small intestinal mucosa, which
can be symptomatic or asymptomatic, the dis-
ease is also characterized by numerous extrain-
testinal manifestations and in cases diagnosed
too late or treated inconsistently, permanent
consequences and sometimes very serious com-
plications [3, 4, 9, 19-25].

PATHOGENESIS

The pathogenetic basis of CD is polygenic pre-
disposition and exposure to gluten containing
cereals [2, 3, 26]. Gluten is a complex water

insoluble protein that comprises about 75-80%
of the total proteins of wheat, rye, and barley
flour [27]. It is characterized by a high content
of glutamine and proline-rich polypeptide resi-
dues resistant to efficient gastrointestinal pro-
teolysis, which, after passing into the submu-
cosa of the small intestine, lead to inadequate
immune reactions in genetically predisposed
individuals [2, 26, 28]. In addition to gluten,
gastrointestinal infections, alteration of the
intestinal microbiota, some medications, and
other factors play an important role in the
occurrence of the disease, which explains its
incomplete prevalence in monozygotic twins
(83-86%) [3, 10, 11, 17, 29, 30]. Longer breast-
feeding and continuation of breastfeeding after
gluten introduction delay the onset of CD [31].
Evidence of the prevalent role of polygenic in-
heritance in the occurrence of the disease, its
highly variable frequency in different popula-
tions, as well as its high presence in identical
twins and first-degree relatives (~10%) [10, 11,
13, 32]. The human leukocyte antigens (HLA)
class IT genes DQ2 and DQ8 (6p21.32), which
are present in 98-99% of patients, play a cen-
tral role in the hereditary predisposition to the
disease [6, 10, 26, 33]. HLA DQ2 molecules are
registered in 85-95% of patients, and HLA DQ8
in 5-15% [34, 35, 36]. In addition, HLA DQ2/
DQ2 homozygotes have a particularly high risk
of developing CD, as well as its earlier onset and
more severe form of manifestation, including
more frequent occurrence of complications, such
as “celiac crisis,” refractory type of the disease
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and enteropathy-associated T-cell lymphoma [3, 9, 29,
37]. However, apart from HLA DQ2 or DQ8 genes and
exposure to gluten, the presence of one or more of the
approximately 40 non-HLA genes (e.g., TAGAP, IL18R1,
RGS21, PLEK, and CCR9) that have been verified so far
is indispensable for the appearance disease [3, 11, 13, 26].

The importance of DQ2 and DQ8 glycoproteins pres-
ent on antigen-presenting cells (dendritic cells and mac-
rophages) in the pathogenesis of CD is reflected in their
ability to activate intestinal CD4+ T-cells after binding
with deaminated gluten polypeptide hydrolysates [2, 3,
11]. The deamidation of gluten hydrolysates, which in-
creases the affinity of their binding to HLA DQ2 and DQ8
molecules, is performed by tissue transglutaminase (tTG).
Proinflammatory cytokines released by activated CD4+
T-cells parallel activate intraepithelial cytotoxic CD8+
T-cells which lead to enterocyte apoptosis and infiltrative
or infiltrative-destructive inflammation of the small in-
testine mucosa and the differentiation of B lymphocytes
into plasma cells and the production of antibodies against
gluten peptides and autoantibodies to endomysium (EMA)
and tTG [10, 26].

ENTEROPATHY

Enteropathy (morphological damage to the mucosa of
the small intestine) is most pronounced in the duode-
num and the proximal part of the jejunum and progres-
sively decreases towards the ileum [38]. In some cases,
however, evident mucosal lesions may be present only
in the duodenal bulb [1, 6, 17]. According to the modi-
fied Marsh criteria, inflammation of the small intestine
mucosa is classified into three basic forms: infiltrative (I),
infiltrative-hyperplastic (II), and destructive (III) [39]. In
the first form of mucosal damage, there is an increased
number of intraepithelial lymphocytes with y/8 receptor
properties, as well as lympho-plasmocytic infiltration of
the stroma, while the height of the intestinal villi and the
depth of the crypts remain preserved. In the second type
of damage, in addition to more pronounced infiltrative
changes, there is hyperplasia of the crypts, while in the
third, with additional accentuated infiltration and hyper-
plasia of the crypts, shortening and/or loss of villi occurs.
According to the degree of mucosal damage, destructive
enteropathy is further classified into partial (IIla), subtotal
(IIIb), and total (IIIc) (Figure 1). Apart from that, a fourth
form of damage is also possible, which is characterized by
complete atrophy of the villi, but without crypt hyperplasia
and typical signs of mucosal inflammation.

CLINICAL FORMS OF THE DISEASE

Observed from the aspect of manifestation, there are two
basic clinical forms of CD: symptomatic and asymptomatic
(subclinical) [1, 2, 17]. Within the framework of the symp-
tomatic disease, forms with classic and non-classical clini-
cal presentation are distinguished [1, 2, 17]. The classical
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Figure 1. Stereomicroscopic and pathohistological appearance of the
normal small intestinal mucosa (left) and in the state of the most severe
damage (Marsh llic) (right); the right stereomicroscopic image shows
a lack of intestinal villi with crypt openings, and pathohistologically,
apart from the absence of villi, crypt hyperplasia with pronounced
lympho-plasmocytic infiltration of the lamina propria (original record-
ings were made by the authors)

Figure 2. A two-year-old boy with the classic form of celiac disease;
on the left and in the middle in the diagnostic phase, and on the right
after 12 months of a gluten-free diet and the first two weeks of lactose
restriction; the images in the diagnostic phase, along with the typical
clinical aspect, show hypoproteinemic edema on the lower extremi-
ties, conspicuous loss of muscle and fat tissue in the gluteal region
(“tobacco bag phenomenon”) and perianal erythema as a consequence
of secondary lactose intolerance (original recordings were made by
the authors with parental permission and consent)

form of the disease is characterized by chronic diarrhea
followed by malabsorption and secondary malnutrition,
while the clinical picture of the non-classical disease is
dominated by extraintestinal manifestations [1, 2, 17, 22,
23]. The classic form of the disease is most often seen in
infants and young children, and the non-classic in later
ages and in adults [11, 17, 23]. In the symptomatic form
of the disease, along with evident enteropathy, autoanti-
bodies to tissue transglutaminase (AtTG) and EMA, as
well as the HLA DQ2 and/or DQ8 genotype, are almost
regularly registered [1, 2, 12, 33, 35]. However, despite the
presence of all these indicators, in most cases, CD remains
unmanifest for a long time, and this form of the disease is
called subclinical (“silent CD”) [1, 2]. In addition, potential
CD has an asymptomatic character, which differs from the
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previous one in the normal appearance of the small intes-
tine mucosa [1, 2, 33]. In a significant number of patients
with potential CD, enteropathy is also registered later [1].

In youngest children aged 9-36 months, CD almost
regularly occurs in the clinical classic form [9, 17]. It is
characterized by a relatively short period after the intro-
duction of gluten into the menu, a gradual onset and a pro-
gressive course manifested by chronic diarrhea, anorexia,
occasional vomiting, abdominal distension, apathy and
irritability [17]. As a consequence of insufficient intake and
malabsorption of nutrients, global malnutrition occurs,
accompanied by sideropenic anemia, loss of fat tissue and
reduction of bone and muscle mass (Figure 2) [40, 41].
In the most severe cases, secondary lactose intolerance,
isolated hypertransaminasemia (“celiac hepatitis”), and
sometimes the appearance of hypoproteinemic edema is
registered [20, 41]. Within the first 6-9 months after birth,
the disease usually has a rapid and severe clinical course.
In rare cases, the so-called “celiac crisis” characterized by
total gastrointestinal insufficiency followed by severe de-
hydration, metabolic acidosis, meteorism, drastic weight
loss and hypoproteinemic edema [9].

The onset and course of the disease in preschool
children is predominantly non-classical (atypical) [17].
Compared to earlier age, gastrointestinal disturbances are
less often present or absent. Recurrent abdominal pain and
constipation, sometimes diarrhea, and often sideropenic
anemia, poor appetite, malnutrition, stagnation in longi-
tudinal growth and a change in the child’s personality are
encountered.

In the symptomatology of the disease in later childhood
and adolescence mono or oligosymptomatic extraintestinal
manifestations dominate [17]. In addition to the mani-
festations seen in preschool age, there are others, such as
maturation delay, enamel hypoplasia, recurrent aphthous
stomatitis, chronic malaise, dermatitis herpetiformis, os-
teopenia, arthralgia, myalgia, cerebellar ataxia, polyneu-
ropathy, epilepsy and others [3, 6, 17, 22, 42].

The most frequent symptoms of CD in adulthood are:
anemia, chronic fatigue, weight loss, recurrent abdominal
pain, bloating, flatulence, constipation, mouth ulcer, head-
aches, depression, and osteopenia or osteoporosis [19, 43,
44]. In addition, women have an increased risk for infertil-
ity, miscarriage, and early menopause [19].

In about 1-1.5% of total cases of CD, mostly in adult-
hood, refractory CD (RCD) occurs [3, 11]. This type of
disease is characterized by malabsorption, weight loss, as
well as persistent villous atrophy and after ayear a strict
gluten-free diet [2, 6]. RCD may be categorized in two sub-
types — type 1, where the phenotype of the intraepithelial
lymphocyte population is normal (CD3+CD8+); type 2,
where it is abnormal [3, 11]. RCD, particularly type 2, is
associated with serious complications, such as ulcerative
jejunitis and enteropathy-associated T-cell lymphoma [3,
19, 45].

Although the classic form of the disease is the most of-
ten described and best studied entity, today it is known that
it represents only the “tip of the celiac iceberg” and that
the largest number of patients, both children and adults,
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are those with a non-classical and asymptomatic form of
the disease [17].

ASSOCIATION WITH OTHER DISEASES

In addition to the high frequency among close relatives of
the patient, especially those of the first degree, CD is char-
acterized by a high association (3-10%) with other autoim-
mune diseases, such as diabetes mellitus type I, autoim-
mune thyroiditis, Addison’s disease, rheumatoid arthritis,
juvenile idiopathic arthritis, Sjogren’s syndrome, systemic
lupus erythematosus, autoimmune liver diseases, IgA ne-
phropathy, myasthenia gravis, psoriasis, dilated cardiomy-
opathy, autoimmune pericarditis, and others [1, 6, 11-15].
Approximately the same prevalence of the disease occurs
in selective IgA deficiency, as well as in Down, Turner,
and Williams syndrome [1, 3, 13]. Therefore, serological
screening for CD is indicated in first degree relatives, as
well as in the mentioned autoimmune and chromosomal
patients [3, 6, 16, 17, 33, 46].

DIAGNOSIS

The diagnosis of CD, except in cases explained in the fol-
lowing text, is based on an enterobiopsy with pathohis-
tological examination of the small intestine mucosa [1,
3, 6,17, 18]. Biopsies are obtained from the duodenum
via an upper gastrointestinal endoscopy, whereby one or
two from the bulb and > 4 from the distal duodenum [1,
3, 17]. Such a diagnostic approach is necessary because
the histologic changes may be patchy in distribution and
confined to the duodenal bulb. In order for the conditions
for pathohistological analysis to be adequate, the correct
orientation of the biopsies is required [47, 48].

The European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition (ESPGHAN), as part of the
recommendations published in 2012, unlike earlier ones,
considers that enterobiopsy is not necessary in patients with
symptoms and/or signs consistent with CD, and in addition,
they have an IgA titer antibodies to tissue transglutaminase
(AtTG-IgA) = 10 times above the upper reference value,
positive anti-endomysial antibodies of the same class (EMA-
IgA) and “celiac HLA” (DQ2 and/or DQS8) [1]. The clinical
recovery of the patient and the disappearance of AtTG are
part of the confirmation of the disease, i.e., the justification
for the introduction of a gluten-free diet without a previous
enterobiopsy. This attitude in the diagnosis of CD is based
not only on the high sensitivity and specificity of AtTG-
IgA as a serological marker of the disease (> 95%), but also
on the highly significant correlation of their titer with the
degree of damage to the mucosa of the small intestine, as
well as the almost inevitable correlation (> 98%) presence of
HLA DQ2 and/or DQ8. An additional difference compared
to the previous position is that even in children under two
years with an exact diagnosis of CD, provocation of glu-
ten tolerance with pathohistological analysis of the small
intestine mucosa is not required. However, in patients in
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whom a gluten-free diet was introduced without a previous
enterobiopsy, as well as in cases where the morphological
damage of the mucosa was not typical or the samples were
inadequate for a reliable interpretation, the final confirma-
tion or exclusion of CD is based on the enterobiopsy and
pathohistological findings during the provocation of gluten
tolerance. Because it can endanger the quality of permanent
teeth, this procedure is not recommended before the age of
six, and because of the side effects on the child’s growth and
development during puberty.

ESPGHAN, as part of the additional modification of
the criteria for the diagnosis of CD, published in January
2020, does not consider enterobiopsy with pathohistological
analysis of small intestine mucosa samples necessary even
in asymptomatic patients with a serum level of AtTG-IgA
class > 10 times above the upper reference level values and
positive EMA-IgA in a second serum sample [33]. Also,
bearing in mind the almost absolute association of CD and
HLA DQ2 and/or DQ8 in these patients, as well as in those
whose diagnosis was established by enterobiopsy, testing
in this sense is not necessary. However, in all other cases,
the diagnosis of CD requires strict adherence to the 2012
criteria. It is additionally recommended that, as part of the
initial serological screening for CD, with prior verification
of normal serum IgA for age, AtTG-IgA should be used,
and not EMA and antibodies to deamidated gliadin peptide
(AtDGP). However, if it is a suspected patient with IgA defi-
ciency, tests based on IgG class antibodies (AtDGP, EMA or
AtTG) should be used for this purpose. If there is a discrep-
ancy between the level of AtTG-IgA and the pathohistologi-
cal findings, it is necessary to re-evaluate the appearance
of the biopsy or consult another pathologist. Patients with
elevated serum levels of AtTG-IgA and EMA-IgA in whom
normal or minimally damaged mucosa of the small intestine
(Marsh 0/I) was registered, require strict monitoring.

Except in the mentioned exceptions, serological tests
for CD have no diagnostic value [1, 6]. Hence, they are
primarily used in the detection of asymptomatic and non-
classical forms of the disease and in the assessment of the
consistency of the elimination diet in patients in whom it
has been established [1]. When interpreting serological
screening, it should be borne in mind that it can be positive
even without the characteristic damage of the small intes-
tinal mucosa, which is seen in other autoimmune diseases
and other pathological conditions [1]. Contrary to this, due
to the immunological immaturity of children under two
years, AtTG may be negative despite evident enteropathy
[6, 17]. For this reason, when screening children under two
years of age for CD, the IgA tTG test should be combined
with AtDGP (IgA and IgG) [6, 17]. In the last ten years in
the detection of CD, as well as gluten-free diet monitoring,
the tTG-based commercial rapid whole blood test is widely
used, which is less invasive, more practical and cheaper
than the serological test [49].

The update recommendations of the American College
of Gastroenterology (ACG) on the diagnosis of CD in
children and adults published this year do not differ from
the current ESPGHAN recommendations [6, 33]. The
American Gastroenterological Association also agrees with
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the ESPGHAN and ACG guidelines in the diagnosis of CD
in children, with the fact that in adults, for purposes of
differential diagnosis, esophagogastroduodenoscopy with
duodenal biopsy can also be performed [18]. However, the
North American Society for Pediatric Gastroenterology,
Hepatology and Nutrition in its 2016 criteria for the diagno-
sis of CD includes endoscopic enterobiopsy as a mandatory
[17]. This attitude is based on the fact that without an endo-
scopic diagnostic approach, comorbid conditions with CD,
such as peptic and eosinophilic esophagitis or Helicobacter
pylori gastritis, can be overlooked. The European Society for
the Study of CD also advocates the necessity of enterobiopsy
in the diagnosis of CD in adults [3].

THERAPY

Patients with CD should adhere to a gluten free diet for life
[1,3,6,17, 18]. Most of them with a symptomatic form of
the disease, especially the classical one, during the initial
phase of treatment require the correction of micronutrient
deficits, primarily iron and folate, and sometimes tempo-
rary restriction of lactose [6, 41]. In patients with “celiac
crisis;” in addition to the correction of hydroelectrolyte and
acid-base imbalance and removal of edema, semi-elemen-
tal and/or parenteral nutrition is applied, and sometimes
short-term glucocorticoid therapy [3, 9]. RCD therapy
also requires parenteral nutrition and immunosuppressive
therapy containing steroids, azathioprine, 6-mercaptopu-
rine, and methotrexate, whereas RCD2 therapy is based on
additional medications, including cyclosporine and che-
motherapy such as cladribine and fludarabine associated
with anti-CD52 monoclonal antibodies (alemtuzumab)
[3, 11, 50]. RCD1 usually responds to a gluten-free diet,
nutritional support, and immunosuppressive medications,
while the therapeutic response in RCD2 is incomplete and,
accordingly, prognosis is often poor [6, 45].

PROGNOSIS

The prognosis of timely recognized and adequately treated
CD is excellent [11, 39]. Delayed recognition of the disease
or non-compliance with the elimination diet, however, can
lead to serious consequences, including serious complica-
tions, both during the growth and development, and those
that manifest in adulthood, such as enteropathy-associated
T-cell lymphoma, small bowel adenocarcinoma, osteopo-
rosis, miscarriages, infertility, and others [3, 9, 11, 19, 21,
23, 25].

CONCLUSION

CD represents a polygenically determined autoimmune
disorder induced by gluten of wheat, barley, and rye. It pri-
marily occurs in Caucasians, and particularly often in close
relatives of the diseased, as well as in patients with other au-
toimmune diseases, selective IgA deficit, and Down, Turner,
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and Williams syndrome. The basis of the disease and the
key finding in its diagnostics are formed by the non-specific
inflammation of the small intestinal mucosa that resolves
by gluten-free diet. Beside enteropathy, either symptomatic
or asymptomatic, the disease is also characterized by vari-
ous extraintestinal manifestations, and in neglected cases,
serious complications. The therapy is based on lifelong
gluten-free diet, and this disorder, if timely diagnosed and
adequately treated, has an outstanding prognosis.
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LlenujauHa 6onect - ceeobyxsataH npernea,

Hepersko Pagnosuh’, 3opaH Jlekosuh?3, Mapuja MnageHnosuh?, busbaHa Bynetuh®®, Jenena Papgnosuh’, Cunuwa yunh?,

[lejaH Hukonuh

'Cpncko nekapcko ApyLTBO, AKafeMuja MeAULIMHCKIX HayKa, beorpag, Cpbuja;

YHnBep3uTeTCKa fievja KnHuKa, beorpag, Cpbuja;

*YHusep3utet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;

*YHnBep3auteT,CuHrMayHym’, DakynTeT 3gpaBCTBEHNX, MPaBHYX 1 MOCNOBHUX CTyAuja, BarbeBo, Cpbuja;
*YHUBepP3UTETCKM KNMHUYKN LeHTap Kparyjesau, KnuHuka 3a negujatpujy, Kparyjesau, Cpbuja;
YHuBep3uTeT y KparyjesLy, GakynTeT MeavLMHCKUX HayKa, KparyjeBali, Cpbuja;

’3aB0f 33 3APABCTBEHY 3aLITUTY pagHuKa Kenesnuue Cpbuje’, beorpag, Cpbuja

CAMETAK

Llenvjauna 6onect je MynT1cMCTEMCKO ayTOVMYHCKO 0bosberbe
VHAYKOBAHO [lyTEHOM MLUEHNLE, paxu 1 jeuma. KapakTepuiue
je nonureHcka npegucnosmumja, npeosnahyjyha npesaneHua
Koa npunapHvKa 6ene nonynauyje (1%), noce6Ho ko 6nmcknx
cpofHuKa (5-15%), Beoma xeTeporeHa ekcnpecuja 1 yecta
YOPY>KEHOCT ca APYrum ayTouMyHCKUM 6onectuma (3-10%),
Kao 1 cenektnBHUM geduumtom UrA n layHoBum, TapHepoBuMm
1 BunujamcoBum cuHapomom. OCHOBY 60NECTY 1 KibyYHU Hanas
Y HbeHOj ANjarHOCTULIM YNHN eHTeponaTHja OCeT/bMBA Ha Ty TeH,
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Tj. HecneLMPUUHO 3anarbetbe Cy30KOoXe TaHKOT LipeBa Koje ce
roBfiaun Ha aujetn 6e3 rnyteHa. Mopen eHTeponaTuje, 6uno
CYMMTOMATCKe UM acMMITOMATCKe, GONIECT KapaKTepuLLy u1
pasnuunTe eKCTpanHTECTHaNHE MaHVdecTaLuje, Na 1 Beoma
036ubHe KomnavKaumje. Tepanuja ce 3acHVBa Ha [JOXKUBOTHOj
pvjetn 6e3 rnyTeHa, Tako fa nopemehaj, ako ce bnarospemeHo
AVjarHOCTHKYje 1 JOCNe[HO NeYn, UMa OANINYHY MPOTHO3Y.

KrbyuHe peun: LienvjayHa 6onecT; natoreHesa; KNMMHUYKM 06m1-
Lyi; AnjarHOCTrKa
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SUMMARY

Optical coherence tomography with angiography (OCT-A) is a non-invasive imaging technique that en-
ables three-dimensional visualization of perfusion through the vascular network of the retina and choroid.
The possibilities of OCT-A for glaucomatologists will expand in the near future. The possibility of detecting
and monitoring glaucoma with this technology will also be expanded. All of these systems will undoubt-
edly offer software updates, making it easier for examiners to use the device itself, and thus monitor the
disease. OCT-A represents the future in the diagnosis of retinal diseases and glaucoma.
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INTRODUCTION

Optical coherence tomography with angiogra-
phy (OCT-A) is a non-invasive imaging tech-
nique that enables three-dimensional visualiza-
tion of perfusion through the vascular network
of the retina and choroid.

Unlike standard OCT, OCT-A analyzes not
only the intensity of reflected light, but also
the temporal changes in reflection caused by
the movement of particles, such as erythro-
cytes circulating through blood vessels [1].
These changes are detected in OCT signals as
repeated freezing of OCT images of each part
of the retina, thus forming a contrasting image
between the blood vessel through which the
blood flows and the static environment that
makes up the surrounding tissue (Figure 1).

To obtain such data, several algorithms have
been developed by different manufacturers,
making the images different in interpretation
in order to distinguish them. Each OCT-A ap-
paratus has its own algorithm, which is based on
special experiential protocols, which are made
to offer optimal information for appropriate

clinical indications. Such variations in the in-
terpretation of different devices can lead to dif-
ferent interpretations of clinical diagnoses [2, 3].

Monitoring changes in glaucoma today is
easier and simpler than in the past. A number
of new imaging techniques make this easier.
OCT-A is just one such imaging technique. It is
easy to monitor blood flow in the retina, while
providing insight into the condition of ganglion
cells that can be damaged by the disease itself.
The popularity of using OCT-A to monitor
changes in the optic nerve, and thus to monitor
glaucoma changes, is growing. OCT-A is useful
in assessing optic nerve perfusion in glauco-
ma eyes, since the density of peripapillary and
macular blood vessels is impaired in patients
with preperimetric glaucoma. This gives enthu-
siasm about the role of OCT-A in the detection
of early changes in glaucoma. Quantitative data
on retinal circulation have proven useful in an-
alyzing the metabolic activity of the inner layers
of the retina, and thus monitoring the disease
itself. OCT-A also serves as a useful machine
in monitoring blood flow (retrobulbar circu-
lation) and detecting disease mechanisms in

Differ=nces
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Figure 1. Display of the change in the intensity of the standard optical coherence tomography (OCT) signal and the
optical coherence tomography with angiography (OCT-A) signal, as a function of the flow time (private collection);
example of how the OCT signal intensity changes over time, after bulk motion correction; A, B: structural OCT images
were acquired with a time difference of 8 ms; the location of a larger blood vessel (yellow circle) and of static tissue
(blue circle) is indicated in both images; C: upon magnification of these areas and calculation of the differences,
larger OCT signal changes can be seen within the blood vessel when compared with the static tissue; note that this
figure is not showing the SPECTRALIS OCTA algorithm results, but just the absolute differences between two single
OCT scans (A and B) for illustration
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Figure 2. Optical coherence tomography with angiography (OCT-A) (left) and en
face image (right) of a patient with glaucoma, in whom there is a lower temporal
loss of the nerve fiber layer, with an anatomical correlation with a decrease in
vascular density on OCT-A (private collection)

glaucoma without elevated intraocular pressure (normal-
tension glaucoma) (Figure 2).

BLOOD FLOW AND GLAUCOMA

The very idea of detecting and monitoring glaucoma
changes by measuring blood flow is not new. For decades,
measuring retrobulbar circulation with various methods
has been challenging in diagnosing and monitoring glau-
coma. Fluorescein angiography, in glaucoma eyes, showed
decreased fluorescence and delayed filling of blood vessels.
Because it is invasive and only partially quantitative, fluo-
rescein angiography is not practical for routine glaucoma
monitoring. Other techniques, such as ultrasound Doppler,
Doppler OCT, laser Doppler flowmetry, and laser speckle
flowgraphy, have also shown the reduction in retinal and
optic nerve flow in glaucoma. However, these techniques
have high variability of measurement and are more suitable
for detecting changes/differences between larger groups of
patients than individually. OCT-A differs from the afore-
mentioned techniques in two important aspects. Firstly,
OCT-A is a non-invasive imaging technique. Secondly,
OCT-A can measure the density of blood vessels with a high
possibility of recurrence and renewal, i.e. reproductions of
the measurement itself. It lasts only a few seconds and can
be repeated at each patient checkup. Measurements are ac-
curate and can be used to diagnose and monitor the disease.

HOW DOES OCT WORK?

OCT-A simply detects blood vessels to the level of cap-
illaries. OCT-A software compares sequential frames of
OCT images in cross section at the same position, looking
for signal fluctuations that indicate blood flow. We have
developed an algorithm called split-spectrum amplitude-
decorrelation angiography — SSADA for short — which is
so efficient that only two frames are needed to accurately
identify capillaries [4]. This efficient algorithm, along with
improvements in the Fourier velocity of the OCT domain,
made OCT-A clinically feasible. As OCT-A senses move-
ment, it is susceptible to artifacts created by eye movement,
such as micro-saccades, eye pulsations, and eye twitches.
Therefore, the production of high-quality OCT-A im-
ages requires special algorithms that monitor, process
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and reproduce this. These technical requirements have
encouraged the rapid advancement of commercial OCT
technology on the hardware and software fronts.

HOW TO DIAGNOSE OCT-A GLAUCOMA

In a 2014 OCT-A study measuring blood flow in glaucoma
patients, Jia et al. found that glaucoma patients had reduced
capillary density and blood flow index, at the level of disc
superficial tissue and at the level of lamina cribrosa [5].

Elevated IOP may affect perfusion through the head
of the optic nerve and deficiency of blood flow through
the lamina cribrosa. The head of the optic nerve is not an
ideal target for OCT-A imaging, given the shadow created
by large blood vessels and the variability of the geometry
of the rim of the disc and blood vessels. The focus of the
imaging, for ideal imaging for the diagnosis of glaucoma,
has been shifted to the peripapillary retina and macula [6,
7]. In both regions, the density of blood vessels showed
precision and accuracy! In addition, the density of blood
vessels showed a good correlation with the parameters of
the visual field, even better than the correlation with the
structural parameters of the OCT, such as the thickness
of the layer of nerve fibers. It is important to note that a
scan of sufficient size is necessary for the OCT-A image to
have a useful diagnostic value. For the peripapillary region,
for example, 4.5 x 4.5 mm scans have the best diagnos-
tic usability. For the macular region, the most accurate is
the 6 x 6 mm scan (Figure 3). There are studies that used
smaller OCT-A scans, of 3 or 4 mm, but the accuracy was
poorer, which is to be expected, since glaucoma first affects
the peripheral parts of the macula.

BLOOD FLOW OR BLOOD VESSEL DENSITY?

In functional glaucoma tests, blood flow volume was first
examined by Doppler OCT [8], and later by flow index by
OCT-A [5]. The reproducibility of these measurements
was poor. The reason may lie in the fact that the speed
and volume of blood flow are affected by variations in the
physiological state of the patient. These measurements
have been shown to be influenced by the oxygen concen-
tration in the inhaled gas mixture and visual stimulation.
There are many other factors that affect blood flow. The
reproducibility of measuring blood vessel density with
OCT-A is excellent. Density is measured by direct (en
face) reading of OCT-A images of appropriate anatomical
structure. Maximum blood flow within the blood vessel
itself converts a three-dimensional OCT-A finding into a
two-dimensional direct (en face) angiogram. Blood vessel
density is defined by the percentage occupied by vascu-
lar pixels (pixels with a higher flow signal relative to the
non-vascular background) in the corresponding area in
the en face angiogram. Large blood vessels can be ruled
out if we want to measure the density of capillaries. For
the diagnosis and monitoring of glaucoma, the density of
blood vessels and capillaries is ideal.
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Figure 3. Superficial vascular complex (SVC) 6 x 6 Optical coherence tomography with
angiography (left) and 6 x 6 mm layer of ganglion cell layer (GCL) thickness (right),
in a typical glaucoma eye; glaucoma damage (yellow dashed line) is mostly outside
the central 3 X 3 mm (marked with a red square); obviously, a larger area needs to be
scanned for early detection of glaucoma damage (private collection)

Figure 4. En face optical coherence tomography with angiography images of four retinal
vascular plexuses, in the right eye, in a healthy person; nerve fiber layer plexus (NFLP)
and ganglion cell layer plexus (GCLP) form the superficial vascular complex, which
contains both large blood vessels and capillaries; intermediate capillary plexus (ICP) and
deep capillary plexus (DCP) form a deep vascular complex, which is primarily formed
by capillaries (private collection)

GeLp ‘ DVC | All-plexus
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Figure 5. Image of a glaucoma patient, AngioVue optical coherence tomography with
angiography apparatus (Optovue, USA), using a 4.5 x 4.5 mm AngioDisc scan; drop
capillary loss, marked by arrows, can be more easily detected in the nerve fiber layer
plexus (NFLP) than in the ganglion cell layer plexus (GCLP) and all plexuses (ALL-plexus),
while the deep vascular complex is unaffected (private collection)
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Figure 6. In eyes with moderately advanced glaucoma, en face optical coherence to-
mography with angiography (OCT-A) nerve fiber layer plexus (NFLP) and visual field map
are divided into eight corresponding sectors, according to the Garway-Heat scheme;
NFLP angiogram shows loss of capillaries (dropout) in the upper temporal part; on the
OCT-A simulated field of view deviation map, sectors 3 and 5 show medium to advanced
defects, which correlate with defects in the standard field of view (private collection)

WHICH VASCULAR PLEXUSES ARE
AFFECTED

Earlier studies had limitations in the detec-
tion of blood vessels, since the shadow of the
superficial ones blocked the deeper blood
vessels. This has been overcome by devel-
oping an algorithm that distinguishes the in
situ from the projected flow. OCT-A angiog-
raphy, using this algorithm, can distinguish
up to four vascular plexuses on the retina [9]
(Figure 4). In the peripapillary region, glau-
coma primarily affects the plexus of the reti-
nal nerve fiber layer (NFLP), which feeds the
retinal nerve fiber layer (NFL) (Figure 5). In
the macula, glaucoma also affects the NFLP
and the plexus of the ganglion cell layer
(GCLP), which feeds the ganglion cell layer
(GCL). Together, NFLP and GCLP form a
superficial vascular complex. Focusing on
peripapillary NFLP and macular superficial
vascular complex (SVC) increases the visu-
alization of glaucomatous lesions and im-
proves diagnostic accuracy. It is shown that
the density of macular SVC blood vessels has
better diagnostic accuracy than the density
of all plexuses in the retina [10].

WHY USE OCT-A?

According to the IRIS registry of the
American Academy of Ophthalmology
(AAO), OCT has already surpassed KVP
in annual use for the diagnosis and moni-
toring of glaucoma. OCT monitoring of
peripapillary NFL and macular ganglion
cell complex are part of the standard ex-
amination in glaucoma. Measurement of
OCT-A peripapillary NFLP vascular density
is highly related to NFL thickness, and mac-
ular SVC density is highly related to GCC
thickness. OCT plays a role in both early
and late stages of glaucoma. Two clinical
studies have shown that OCT-A can detect
early preperimetric glaucoma better than
structural OCT [11, 12]. Because OCT-A
detects both dysfunctional (sick) and lost
(dead) ganglion cells, while structural OCT
detects only lost ganglion cells. In the early
stages of glaucoma, diseased, dysfunctional
ganglion cells have a reduced metabolism,
which leads to a reduced density of capil-
laries. This reduced density is detected by
OCTA. Prior to apoptosis, these ganglion
cells lead to thinning of the NFL and GCC,

which can be detected by structural OCT. By adding
OCT-A to the diagnosis, we can detect glaucoma earlier
and start treatment on time. Other studies have shown
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that OCT-A parameters correlate better with visual field
parameters compared to structural OCT parameters such
as NFL thickness [6, 12]. This is partly due to the reduc-
tion of the “floor effect” by OCT-A measurements. The
floor effect describes the fact that, although NFL thickness
correlates with mean field deviation in early glaucoma,
it shows low values in moderate glaucoma and then no
longer decreases in advanced glaucoma. This limits the
usefulness of NFL thickness for monitoring the progres-
sion of glaucoma in the moderate and advanced stages
[13]. Although the density of blood vessels also eventually
reaches the bottom, it appears to do so only in advanced
glaucoma. OCT-A has the potential to improve glaucoma
control in the moderate to advanced stages.

OCT FIELD OF VIEW SIMULATION

A method of sector simulation of the visual field using
peripapillary NFLP OCT-A results has been developed
(Figure 6). The results show a good correlation in the
early and moderate stages of the disease. Simulated sec-
tors of the field of view can also be summarized in the
mean deviation parameter: NFLP_MD. NFLP_MD cor-
relates with VF_MD, but has better diagnostic accuracy
and reproducibility. Thus, a simulated field of view may
be better than an actual field of view for monitoring glau-
coma progression — in addition to being painless and
more convenient.

Visual field testing is not only uncomfortable, but can
result in unnecessary surgery or delayed treatment and vi-
sion loss. Statistical analyses showed that glaucomatous eye
with MD deterioration at -1 dB / year needs testing every
six months for four years to make the trend statistically
significant (90% strength, p < 0.05), with a mean the devia-
tion was already 4 dB worse [14, 15, 16]. This represents
a 60% loss of retinal sensitivity, so the doctor has solid
evidence and intensifies treatment. A more reproductive
and objective method of monitoring the progression of
glaucoma could detect significant progression earlier, thus
enabling timely intervention to preserve vision.
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AVAILABILITY OF OCT-A

AngioVue, which runs on the Avanti OCT system
(Optovue, Inc, Fremont, CA, USA) has a good set of cri-
teria for quantifying peripapillary NFLP and macular SVC
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dial peripapillary capillary (RPC). For the diagnosis and
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CONCLUSION

The possibilities of OCT-A for glaucomatologists will ex-
pand in the near future. The possibility of detecting and
monitoring glaucoma with this technology will also be ex-
panded. All of these systems will undoubtedly offer software
updates, making it easier for examiners to use the device
itself, and thus monitor the disease. OCT-A represents the
future in the diagnosis of retinal diseases and glaucoma.
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OnTUuKa KoxepeHTHa Tomorpaduja ca aHruorpadujom Koa rnaykoma

WBaH MapjaHosuh'?, BecHa Mapuh*!, Mapuja boxuh'?

'YHuep3uteT y beorpazy, MeguumHckn dakynter, beorpag, Cpbuja;

YHnBep3uUTeTCKI KNUHUYKK LieHTap Cpbuje, KnuHuka 3a ouHe 6onectu, beorpag, Cpbuja

CAMETAK

OnTnyKa KoxepeHTHa Tomorpaduja ca aHrmorpadujom je HevH-
Ba3BHa MVLVIHT TEXHVKa Koja omoryhaBa TPOAMMEH3VIOHaNHY
BM3yanu3aLujy nepdysmje Kpo3 BacKynapHy Mpexy petuHe 1
xopowgeje.

Y 6nuickoj byayhHocTty he ce npownput MoryRHOCTY onTuuKe
KoxepeHTHe Tomorpaduje ca aHrorpapujom 3a rnaykomaro-
nore. Mpowwupuhe ce n MoryhHOCT oTKprBara 1 Npahetba rna-
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yKOMa 0BOM TexHonornjom. CBr oM cuctemm he Hecymmb1Bo
MOHYANTM axypupatba codpTaepa, onakLuasajyhn ncnutmaumma
camy ynoTpeby anapara, a camum T M 1 npahere 6onectu. On-
TWUKa KoxepeHTHa Tomorpaduja ca aHrmorpadujom npeacTa-
BSba OyayNHOCT y AnjarHoCTULM 6ONECTH PeTrHE 1 FayKoma.

KrbyuHe peum: rnaykom; onTryka KoxepeHTHa Tomorpaduja;
aHruorpadwja
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CURRENT TOPIC / AKTYEJTHA TEMA

Vaccination — a dilemma for a pediatric
anesthesiologist: When is the right moment?
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SUMMARY

Possible immune system interactions due to vaccination and drugs used in general anesthesia represent
a dilemma for pediatric anesthesiologists in everyday practice. Immunosuppression caused by anesthesia
and surgical trauma can affect the immunization process and cause-specific unwanted reactions. On the
other hand, side effects due to vaccination can confuse clinicians in the immediate postoperative course.
Both the nature of the vaccine and the type of surgery determines the delay period of elective surgical
intervention. This current topic aims to present the scientific facts about the complex interactions between
vaccination, immunization, general anesthesia, and surgical trauma and to provide recommendations

for preoperative preparation.

Keywords: anesthesia; children; immunization; vaccines

INTRODUCTION

Vaccination causes the host’s desired and con-
trolled immune response to prevent the devel-
opment of certain diseases and their complica-
tions. The schedule of mandatory vaccinations
is most frequent in childhood [1]. At the same
time, in children of all ages, it is sometimes
necessary to perform a surgical intervention
under anesthesia. Medicines and complex an-
esthesia processes also result in specific immu-
nomodulatory functions, while surgery causes
tissue trauma [2]. The vaccine is known to
cause side effects similar to the stress response
after surgery [3, 4]. On the other hand, scien-
tists are trying to determine if the impact of the
anesthetics changes the vaccine’s effectiveness.
That is why there are still preoperative dilem-
mas among pediatricians, anesthesiologists
and surgeons: whether and when to vaccinate
a child before surgical intervention, whether to
postpone surgery because of vaccination, and
when it is safe to continue with regular vaccina-
tions after surgery.

The recommendations of the World Associ-
ation of Pediatric Anesthesiologists differ re-
garding the delay of surgery when it comes
to live attenuated vaccines [5]. The consen-
sus has been made for inactivated vaccines.
Interestingly, in recent years, the possibility
of intraoperative administration of influenza
and pneumococcal vaccines to specific pediat-
ric patients during general anesthesia further
complicates the abovementioned dilemmas [6].

FACTS ABOUT IMMUNIZATION

Immunization of the organism is carried out
actively and passively. The active method in-
volves using vaccines against a specific infec-
tious disease, and the passive process involves
using a defined immunoglobulin, antibody
or serum. Currently, there are about 20 vac-
cines with which people can be immunized.
The World Health Organization estimates this
revolutionary medical discovery saves 3.5-5
million lives yearly [7]. It has been scientifi-
cally confirmed that individual variations in
the strength of the immune response can have
consequences on the protective efficiency and
length of protection of the organism against a
particular infectious disease. Factors affecting
individual immunization variations are sex, ge-
netics, comorbidities, and age-related factors [8,
9]. External factors include infections, antibiot-
ics, probiotics, and previous vaccinations.
Habits such as smoking, alcohol use, stress,
sleep quality, nutritional status, and exposure
to toxins contribute to these complex processes.
The most crucial factor in forming immunity
is the vaccine itself (type of vaccine, dose, vac-
cination calendar, site of application, route of
administration and co-administration of vac-
cines) [10]. Administration of drugs at the time
of vaccination raises the question of vaccine
effectiveness. These can be drugs the patient
takes due to a chronic disease, but also anal-
gesics and antipyretics that are recommended
due to the side effects of vaccines [11]. In daily
clinical work, pediatric anesthesiologists face
preoperative dilemmas as to whether anesthe-
sia drugs, the anesthesia process, and surgical
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trauma affect the immunization process in the body in the
case of vaccination and vice versa. It is estimated that a
sixth of children operated on are at the age when, accord-
ing to the national schedule, it is necessary to administer
the vaccine [12]. The most significant number of post-
ponements of elective surgeries occurs at the age of up to
six months of life. The solution to this problem is better
coordination and harmonization of positions on the is-
sue of vaccinations between pediatricians, surgeons and
anesthesiologists. An individual approach to the patient
is recommended.

FACTS ABOUT ANESTHESIA AND IMMUNE
RESPONSE

It has been scientifically proven that surgical intervention
and general anesthesia cause a disturbance in the activ-
ity of the immune system. There are several explanations
for this statement: the stress response with the release
of catecholamines and cortisol suppresses macrophage
function, phagocytic activity of leukocytes, phagocytic
mobilization, complement fixation, lymphocyte transfor-
mation, T cell activity and antibody formation 4-12 days
after surgery. It has been proven that anesthetic drugs are
immunomodulators. Intraoperative events such as pain,
hypoperfusion, hypothermia, hyperglycemia, transfusion
or extracorporeal circulation also have an immunosup-
pressive effect. At the same time, there is an increased
production of proinflammatory cytokines [13]. The de-
gree of immunosuppression depends on the extent of the
stress response, surgical trauma, perioperative pain therapy
and infection. An immunocompetent child usually has
no clinical manifestations of laboratory signs of transient
immunosuppression due to anesthetic effects. Drugs for
anesthesia have an immunomodulatory effect by changing
the components of humoral and cellular immunity. Volatile
anesthetics (halothane, sevoflurane, isoflurane, enflurane)
inhibit the production of proinflammatory cytokines, the
proliferation of lymphocytes, the activity of neutrophils,
and natural killer (NK) cells, and the generation of free
oxygen radicals while they do not affect the function of B
lymphocytes. This condition can last for several days after
exposure to volatile anesthetics. Nitrous oxide gas inhibits
the activity of monocytes to the extent that it does not
increase the risk of infection after surgery. A similar effect
is shown by midazolam, ketamine, and fentanyl [14, 15,
16]. Thiopentone sodium reduces lymphocyte production
and NK cell function. Propofol inhibits neutrophils, mac-
rophages, and monocytes and increases infiltration of the
operative wound by NK cells and helper T cells [17]. With
its immunosuppressive effect, propofol does not affect the
humoral immunity components. The benzodiazepines (lo-
razepam) show a more significant impact on the innate
immune response. Studies have shown that dexmedetomi-
dine and clonidine do not affect neutrophil function [18].

Opioids have a suppressive effect on the immune sys-
tem, especially morphine and fentanyl, in contrast to
alfentanil, remifentanil, and sufentanil. Unlike opioids,
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tramadol has a stimulating effect on NK cells [19]. Local
anesthetics blocking sympathetic activity do not show an
immunosuppressive effect [15, 17]. Transient neutropenia
and lymphopenia are most often registered after surgi-
cal intervention and general anesthesia in children [20].
Clinical manifestations of the stress response after surgery
are mild in the form of agitation and restlessness, elevated
temperature, rash, pain, and rarely inflammation and sep-
sis. However, some works assume that the influence on
the immune response due to anesthesia could increase the
susceptibility to infection and even the spread of malig-
nant tumors [21]. Cases of reactions after anesthesia in
recently vaccinated children in the form of intussusception
(after rotavirus vaccine), hypotonic crisis (after diphtheria,
pertussis, and tetanus vaccine) and spread of infection in
surgically immunocompromised patients originating from
the live attenuated vaccine (oral polio vaccine, which is ge-
netically unstable) have been described [22]. On the other
hand, there is a justified fear that anesthetic drugs will
change the immune effect of the vaccine if the anesthetics
have already caused a certain degree of immunosuppres-
sion. Human studies have shown that the production of
antibodies to anti-tetanus toxoids is lower if the child has
been exposed to general anesthesia and surgery [23].

Also, fever, soreness at the application site, coryza, tear-
fulness, vomiting and malaise can be attributed to vaccina-
tion and surgical stress, which can confuse the clinician.
Usually, these symptoms appear in the first 24-48 hours
after vaccination, with the inactive form in 20% of vacci-
nated children and up to three weeks after the live attenu-
ated vaccine (in 6% of cases and after the first dose of the
vaccine). There are rare forms of severe post-vaccination
complications, such as mumps meningitis (incidence
1:300,000 in vaccinated children) [24].

RECOMMENDATIONS OF THE WORLD
ASSOCIATIONS OF PEDIATRIC
ANESTHESIOLOGISTS

World Associations of Pediatric Anesthesiologists recom-
mend delaying elective surgery one week after the inac-
tivated vaccine and three weeks after the live attenuated
vaccine (measles, mumps, and rubella vaccine - MMR,
oral polio, tuberculosis vaccine) [23]. The Association of
Pediatric Anesthesiologists and Intensivists of Serbia has
the same stance [1]. A recent research has influenced the
Association of Pediatric Anesthesiologists of Great Britain
and Ireland, which, since 2021, advises postponing elective
surgery 48 hours after administration of an inactivated
vaccine (DTP, Haemophilus influenzae type B vaccine -
Hib, meningitis type C, poliovirus). At the same time, they
do not recommend postponing live attenuated vaccines
surgical interventions (provided that the child is in good
health) [25]. After oral vaccination with the live attenu-
ated poliovirus, elective surgery should be postponed for
30 days [26]. The planned vaccination should be delayed
for at least seven days if the patient had general anesthesia
and surgery. However, if the child received blood or blood
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derivatives during surgery and perioperative treatment,
there are special warnings when planning to continue vac-
cination for MMR and varicella. If the patient received
erythrocytes, the interval for postponing vaccination is up
to five months; whole blood - six months; immunoglobu-
lins for the treatment of idiopathic thrombocytopenic pur-
pura — 8-11 months; plasma or platelets — seven months;
tetanus immunoglobulin - 3-5 months; varicella immuno-
globulin - five months; cytomegalovirus immunoglobulin
- six months; hepatitis Bimmunoglobulin - three months;
normal human immunoglobulin as hepatitis A prophylaxis
— three months and normal human immunoglobulin as
measles prophylaxis — 5-6 months [27]. Particular caution
is required in children with congenital heart defects after
surgical correction and extracorporeal circulation [28]. In
these circumstances, the vaccines against measles, mumps,
and rubella (the MMR vaccine) and the varicella vaccine
are not recommended for the next seven months. If there
is a need for low-dose aspirin after cardiac surgery, the
aspirin should be continued, and the child should be vac-
cinated against varicella without delay. If cardio surgery is
planned, the child can be vaccinated seven days before the
intervention or 4-6 weeks after the surgery. Children after
Norwood’s operation, especially those born prematurely,
are at high risk of vaccination because they may have sud-
den systemic and peripheral vascular resistance changes
as an adverse event. Therefore, these children should be
hospitalized after vaccination and observed for 72 hours
[29]. If a splenectomy is planned, it is necessary to vac-
cinate the child at least two weeks before the operation
with the meningococcal, pneumococcal, and Hib vac-
cines. Studies in adult patients have shown an enviable
growth of antibodies to the mentioned vaccines in the case
of urgent splenectomy if the vaccines are given immedi-
ately after the operation [30]. Vaccination against influ-
enza and pneumococcus is increasingly encouraged after
minor surgical interventions and diagnostic procedures
under analgosedation during hospitalization or hospital
discharge, especially in uncooperative or developmentally
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BakuMHauuja — gunema 3a negujaTpUjcKor aHeCcTe3no10ra; Kaaa je npasu TPeHyTaK?

BecHa CteBaHoBuMNh'? TopaaHa Kosauesuh'?, MapuHa bo6owr?, Mpeapar CreBaHoBrh?
"MHcTnTYT 33 3gpaBCTBEHY 3awWTnTY MajKe 1 geTeTa Cpbuje, [p Bykan Yynuh', beorpag, Cpbuja;

*YHueep3uTeT y beorpagy, MegnunHcku gakyntet, beorpag, Cpbuja;

*KnuHnuko-60nHNYKM LeHTap Ap Oparnwa Muwosuh - leantbse’, beorpag, Cpbuja

CAXETAK

Moryhe nHTepakuuje nmyHor cuctema 360r BakuHaLuje 1
JIeKOBa KOju Ce KOpUCTe y OMLTOj aHecTe3nju npefcTaBibajy
Avnemy 3a nefmnjaTpujckor aHecTe3nosora y CBakogHEeBHOM
papy. ImyHocynpecuja n3a3BaHa NpoLecom aHecTesuje 1 Xu-
PYPLUKOM TPayMOM MOXe YT/LaT! Ha BaKLMHaIHX OAroBOP
opraHv3ma v 13asBatu ogpeheHe HexxerbeHe peakuuje. C gpyre
CTpaHe, Hycrojase 360r BaKLMHaLje Mory 30yHUTU KNMHUYape
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y HenocpegHoM MoCTornepaTMBHOM TOKY. [pupoaa BakLyHe 1
BPCTa OrnepaTnBHOr 3axBaTa ofpehyjy neprop oanararba enek-
TMBHE XUPYPLLKEe MHTEpBEeHLYje. LInib oBe akTyenHe Teme je fia
npefoun HayuHe YMHEHNLIE O KOMMEKCHIM VHTEPaKLMjama
13mehy BaKLMHaLMje, IMyHI3aLje, OMLUTE aHecTe3uje 1 Xpyp-
LKe TpayMe 1 fja Npyxu Baxehe cmepHyiLe 3a npeonepaTuBHy
npunpemy.

KrbyuHe peun: aHecTesuja; feLia; MYHU3aLja; BaKLHe
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SUMMARY

Urban positioning, architectural conceptualization, and construction of health care facilities are parts of a
complex process with a number of participants from fields of engineering, but also political and manage-
ment structures on whose decisions the success of project implementation depends. In general, throughout
history, the involvement of representatives of the medical profession in such endeavors has proven to be
fruitful because in such a way they directly participate in the functional and formal design of their own work
environment. In that sense, it can be stated that the collaboration of engineers, specifically architects, with
medical doctors is all the more valuable for scientific research in the field of both the history of medicine
and the history of architecture. This text deals with the implications of the collaboration between Primarius
Dr. Svetozar Zivojnovi¢ (1899-1981) and academician architect Nikola Dobrovi¢ (1897-1967) on the design
and construction of several health care facilities, as well as the planning of urban zones in Igalo during
the sixth and seventh decade of the 20th century. The paper emphasizes their respective contributions,
which are considered crucial for the socio-economic development that has turned Igalo into a modern
international health center, and one of the main centers of health tourism in the Mediterranean region.
Keywords: history of medicine; Svetozar Zivojnovi¢; Dr Simo Milo$evi¢ - Igalo Institute; Nikola Dobrovi;

Received « MpumbeHo:
May 31,2022

Revised - PeBusnja:
September 29, 2023

Accepted - MpuxeaheHo:
September 29, 2023
Online first: November 7, 2023

Correspondence to:

Vladimir STEVANOVIC

Savska 13A

11000 Beograd, Serbia
wladimirstevanovic@gmail.com

medical infrastructure

INTRODUCTION

This paper was written in the context of com-
memorating the 125th anniversary of the birth
of academician Nikola Dobrovi¢ at the initiative
of the Serbian Academy of Sciences and Arts
(SASA), which declared the entire year of 2022
as the Year of Dobrovi¢. The other dedication
of the paper refers to the legacy of Dr. Svetozar
Zivojnovié, which his son, Dr. Relja Zivojnovi¢
(1931), a world-renowned ophthalmologist
who spent his career in the Netherlands and
Belgium, donated to the SASA Archives (2017),
and which has been added to Dobrovi¢’s legacy
in that institution [1].

The name of Primarius Dr. Zivojnovi¢ is
most often associated with the founding of the
Adriatic coastal resort in Igalo, where he served
for 13 years as the director (1949-1962). Dr.
Zivojnovié was the first head of this institution,
known for the use of medicinal mud and water
called “Igalka” for therapeutic purposes. The
institution was renamed in 1959 to Dr. Simo
Milo$evi¢ Institute for Physical Medicine and
Rehabilitation and today it bears the name Dr.
Simo Milosevi¢ Institute for Physical Medicine,
Rehabilitation and Rheumatology. However,
Zivojnovi¢’s strenuous efforts to transform
Igalo, a small coastal settlement in the west-
ernmost part of the Bay of Kotor, where at the
beginning of the 20th century there were “only

45 houses and 215 souls” [2], into one of the
largest Adriatic centers for multidisciplinary re-
habilitation, physical and preventive medicine,
thalassotherapy, and spa-climatic treatment,
have not been sufficiently explored. Therefore,
Zivojnoviés role and significance in the history
of medicine in these regions remain unclear.

Being active in the plans for the construction
of Igalo, not only from a medical but also from
an architectural-urbanistic aspect, Zivojnovi¢
anticipated the development of this place into
an international health center. Positioning the
Institute as the nucleus of social and economic
urbanization has created the need for planning
the wider area of Igalo with an emphasis on
the potentials of health tourism. Thanks to the
mediation of Zivojnovié, the engagement in the
preparation of this plan, as well as a series of
individual health facilities, fell to his friend and
relative with whom he spent his Prague student
days, the renowned architect Dobrovi¢.

As testimony to their friendship from that pe-
riod, there remains Zivojnovi¢’s portrait, the work
of Nikola’s brother, painter Petar Dobrovi¢ (1927),
which is kept in the Zivojnovi¢ family (Figure 1).
As early as 1936, Dobrovi¢ and Zivojnovi¢ jointly
stayed in Herceg Novi for the purpose of design-
ing “a hospital in the Bay of Kotor” as stated in the
letter that Nikola sent to his brother Petar, and it
is assumed that the text of the letter is referring
specifically to the Igalo Sanatorium [1, 3].
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Figure 1. Petar Dobrovi¢, Portrait of Dr. Svetozar Zivojnovi¢, oil on canvas
(property of Dr. Relja Zivojnovi¢) (photography: Milos Samardzi¢, 2022)

The intention of the authors of this paper is to pres-
ent, by showcasing the aforementioned legacy, that it was
precisely Dr. Zivojnovi¢ who proposed to the Committee
of Medical Experts — which was formed by the Secretariat
for Public Health of the Federal Executive Council in
Belgrade and made the decision to create the Program
for the development of a conceptual plan for establishing
the Institute for Physiotherapy and Medical Rehabilitation
in Igalo” - that the design be entrusted to Dobrovi¢ [4].
The paper will point to the importance of cooperation be-
tween architectural and medical professions, which has
already been recognized in the academic community and
represented in scientific research in the field of history of
medicine [5]. It will also point to the fact that architect
Dobrovi¢, from the period of his student days in Prague,
became a follower of a new spirit in health policy, which in
his opus is reflected in the field of improving the building
fund for the needs of social and medical institutions, as
part of public urban equipment and policy [3].

THERAPEUTIC FACTORS AND APPLICATION OF
IGALO MUD AND MINERAL WATER

The medicinal effects of Igalo mud and “Igalka” mineral
water have been known for centuries through folk experi-
ence as well as numerous clinical studies, which have con-
firmed their benefits for a large number of patients treated
at the Institute. The natural bounty of the Bay of Kotor, in
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the area between Herceg Novi and Igalo, geological-bio-
logical features, and climatic and physico-chemical factors,
have been the source of the healing properties of sea mud
and mineral springs. Igalo mud is marine silt originating in
the coastal area of Topla Bay, whose healing properties are
influenced by mild radioactivity, mixing and sedimenta-
tion of mineral deposits from the Sutorina River, sea water,
and the involvement of specific marine flora and fauna,
shallow water, solar radiation, soft soil, geohydrological
and climatic factors. Indications for use include the treat-
ment of rheumatic diseases — rheumatoid and psoriatic
arthritis, ankylosing spondylitis, degenerative spinal and
extremity joint conditions, extra-articular conditions, post-
traumatic conditions, diseases and injuries of peripheral
nerves, and chronic gynecological conditions such as ad-
nexitis, parametritis, and secondary sterility. Therapeutic
effects in clinical practice are prominently hyperemizing,
resorptive, and anti-inflammatory, as well as spasmolytic
and analgesic effects, and also have a positive impact on
osteogenesis in bone fractures and on the regeneration of
peripheral nerves after injury [6, 7].

As for the composition of the “Igalka” mineral water, it
is primarily made up of sodium chloride (NaCl), hence it
is referred to as sodium-chloride, saline, or muriatic water.
Igalka is clear in appearance, colorless and odorless, salty
in taste, and slightly alkaline, with negligible radioactiv-
ity. The water, with a source temperature of 14.8°C, has
dilatory, spasmolytic, analgesic, and relaxant effects. It is
used for mineral baths or combined with kinesitherapy in
a pool or a butterfly-shaped tub (hydrogymnastics), with
galvanic current (hydrogalvanotherapy), under air pres-
sure, with mud (mud baths), then under increased pressure
(Scottish showers), for underwater massage, with a gradual
increase in water temperature, etc. The indicated scope for
application includes chronic rheumatic diseases of joints,
muscles, and connective tissue, peripheral nervous system
diseases, conditions following trauma and surgeries on
the locomotor apparatus, chronic gynecological and skin
conditions (psoriasis). Internal use is done by drinking,
which increases gastric juice secretion and motility of the
digestive tract, and by inhalation, which acts secretolyti-
cally and is used for diseases of the digestive and respira-
tory systems. For chronic diseases of female reproductive
organs, it is used in the form of vaginal sprays [8].

Mineral springs in Igalo were first mentioned in Austro-
Hungarian military documents (1875). The first written
document about Igalo mud was created by Dr. Rudolf Levi
(1910), the head of the rural hospital in Trebinje, while
international confirmation of its healing properties was
provided by the laboratory of the renowned French spa
Vichy (1930) [9].

FIRST CONCEPTS OF A HEALTH CENTER IN IGALO
AT THE INITIATIVE OF DR. ZIVOJNOVIC

Dr. Svetozar Zivojnovi¢ was born on October 20, 1899,
in Sombor. After completing secondary school in Novi

Sad (1918), he studied medicine in Zagreb (1918-1919),
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Prague (1920), Vienna (1920-1923), and Graz (1923-
1926), where he graduated and met his future wife Milena
Bubalo, who later became an ophthalmology specialist [6].
In 1921, he fell ill with tuberculosis of the retina and was
almost blind for nearly a year. His wife greatly helped him
so that his disability would not impede his medical career.
After an internship in Novi Sad, Zivojnovi¢ worked as a
general practitioner in Vojvodina villages. He was then
appointed as the physician for the State Dispensary for
Tuberculosis in Herceg Novi (1934), while his wife became
an ophthalmologist at the Military Hospital in Meljine [2].

Upon arrival in Herceg Novi, the mud in Igalo be-
came the focus of Zivojnovi¢s interests, where he and
his wife participated in scientific analyses of its medici-
nal properties. This research initiative was started by the
Consul of the Kingdom of Yugoslavia in Milan, Dr. Dusan
Marinkovi¢, along with the owner of the Igalo Hotel, Milos
Jankovi¢ [10], a relative of Zivojnovi¢’s wife, investors (in-
dustrialist Vlado Sav¢i¢ and banker Dragomir Leko), and
professors from the University of Belgrade (Dr. Milan
Lukovi¢, Dr. Aleksandar J. Ignjatovski, Dr. Aleksandar
Sé¢ebrakov, and Dr. Dragoljub K. Jovanovi¢, a colleague
of Marie Curie). Based on their final analysis in 1938,
the Faculty of Medicine in Belgrade issued a certificate
of the medicinal properties of Igalo mud [9]. In addition
to participating in analyses crucial for forming the idea
of an Igalo spa, Zivojnovi¢ anticipated the realization of
Igalo’s potential in terms of health tourism. He became
the organizational secretary of the 4th Yugoslav Congress
against Tuberculosis (Herceg Novi, May 1938), which
brought together doctors from all over the country, with
a series of accompanying programs, excursions, and en-
tertainment for participants who were accommodated in
the city’s hospitality facilities [2]. This event represented
the beginning of both congress and general health tourism
in Herceg Novi, and Zivojnovi¢ emerged as a key figure in
this respect. In summary, it can be said that Zivojnovi¢’s
activities were crucial for achieving two significant visions
of Igalo: establishing a new health center and transforming
the town into a hub for regional health tourism, which will
be discussed further below.

After alull in activities related to the organization of the
spa due to World War II, in 1949, the Minister of Health of
Montenegro, Mato Petrovi¢, at the suggestion of Vladimir
Marinovi¢ (an official from the Protocol of the Ministry of
Foreign Affairs of the FPR Yugoslavia and the brother of
the aforementioned Dr. Marinovi¢), contacted Zivojnovi¢
to re-engage in the planning of a health center in Igalo
[9, 11]. By a decision of the Government of Montenegro
(1949), a balneological and climatic spa was established in
Igalo, which was named Adriatic Natural Spa by a decision
of the National Assembly of Montenegro [2]. Initially, ther-
apy was performed on the muddy beach near the mouth
of the Sutorina River, at a location called Stara Banja (Old
Spa) (Figures 2 and 3). There, a peloid facility was built
for the manipulation and storage of mud.

In one of the studies, Dr. Zivojnovi¢ described the
circumstances of the spa’s founding: “There was only a
wonderful southern coastal climate, with lush subtropical
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vegetation and fragrant and crystal-clear air, blue and salty
sea, with flat sandy shores, through whose transparent wa-
ter one could see black sediment on its bottom, already
known to the people as therapeutic sea mud. Above the
mouth of the Sutorina River, in the dense undergrowth of
prickly mastic trees, one could hear the deep gurgling of
the cold springs of Sutorinska Slatina, whose waters were
lost in the nearby riverbed, and the inhabitants of the sur-
rounding villages knew that these waters were medicinal.
At the moment of founding, the spa had a small building
of weak material, totaling about 40 m?, and one entirely di-
lapidated woodshed. The first outpatient clinic and the spa
office were placed in the building, and in the three remain-
ing rooms, improvised “male and female wards” and “rest
areas” were set up, each with four beds, where procedures
with therapeutic sea mud were performed. The boiler
room of this healing center was represented by one large
gasoline can, placed on an iron tripod, under the open sky,
where the “black medicine,” i.e., Igalo mud, was heated.
The waiting room for patients was replaced by a nearby
mulberry tree, under whose shade, instead of benches,
bare planks were placed on piles of stones. Patients would
patiently wait there for their turn to be treated, and in
the meantime, those who were still physically able would
use shovels to collect and extract the therapeutic material
from the shallow coastal areas, which was necessary for
their own treatment as well as for the treatment of other
patients. In that area, at that time, there was only one shal-
low well, which would dry up during the hot months, so
it was necessary to bring water from more distant areas to
facilitate washing patients after the mud procedures” [12].

After a discouraging start, a crucial step in the rise of
the Adriatic coastal resort was the allocation of the na-
tionalized Igalo Hotel to the healing center, whose pre-war
owner was the aforementioned Milo$ Jankovi¢ — one of the
initiators of establishing a new health center in Igalo. The
spatial capacities of the hotel allowed for an expansion of
50 beds in a newly arranged stationary facility built on the
site of today’s main building, erected in the first phase of
the Institute’s construction. Then, new premises were built
based on mud therapy and mineral water, and in 1955, the
existing stationary facility of the former Igalo Hotel was
expanded, increasing the number of patient beds to 105
[11]. The water shortage was solved by tapping four “Igalo”
springs and drinking water from the source in Mojdez,
through which water with a volumetric flow rate of 20
L/s reaches the healing center [8]. With the construction
of a transformer station, a meteorological station, and an
administrative building, the communal infrastructure for
the functioning of the healing center was created. This
translation aims to capture the essence and details of the
original text as closely as possible. The presented data show
the thorny path of the Adriatic natural healing center, ini-
tially a conventional spa using locally available natural
remedies for treatment, and later a respectable medical
institution that puts therapeutic natural goods under medi-
cal and scientific control, and employs them according to
defined indication areas and appropriate physiotherapeutic
methodology.
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Figure 2. lgalo, Old Spa (source: SASA Archives, Historical Collection
14878/Il, photo-documentation, Legacy of Dr. Svetozar Zivojnovi¢, a
gift from his son Dr. Relja Zivojnovi¢ to SASA Archives)

FOLLOWING DOBROVIC’S PROFESSIONAL
INTEREST IN HEALTH FACILITIES

For Zivojnovi¢’s vision, which involved developing Igalo
into an international health center, an initial need was for
a regulatory urban plan for both the immediate and wider
area of the Health Center, to study the settlement’s issues
and its future purpose as a health center. The task of creat-
ing the plans fell to the architect Nikola Dobrovi¢, whose
biography we outline briefly due to space limitations [13],
but we emphasize his rich experience in designing medical
programs, which was one of the arguments for his engage-
ment in Igalo.

Born in Pécs (1897), Dobrovi¢ began his architectural
studies in Budapest (1915) and then, after an interrup-
tion due to World War I, continued at the Czech Technical
University in Prague, where he graduated (1923). After
his first job in Prague (1928-1929), he continued his ca-
reer in the Mediterranean region on the island of Lopud,
near Dubrovnik (1929-1941). After World War II, he be-
came the Director of the Urban Institute of the People’s
Republic of Serbia (1945), Director of the Urban Institute
of Belgrade (1946), a regular professor at the Faculty of
Architecture in Belgrade (1947), and a regular member of
the Serbian Academy of Sciences and Arts (1965).

From his student days in Prague (1919-1923), Dobrovi¢
turned to the topic of medical facilities, among which the
most prominent are the student work Museum of Medicine
(1920) and the graduation work Home for the Care of
the Blind (1923). Also, Dobrovi¢’s first realized objects
in the Prague period were the result of cooperation with
healthcare workers (Villa Dr. Bulirzha and the building
with the pharmacy of Mr. Jindrak). His most significant
Prague endeavor was participation in creating the social
institutions complex “Masaryk’s Homes,” which included
nursing homes, shelters for children and adults suffering
from incurable diseases, recuperation facilities for “weak”
children, and recreation centers (1926-1928). In this work,
Dobrovi¢ designed children’s departments and the park en-
vironment of the complex [3]. The tradition of cooperation
with doctors, Dobrovi¢ continued in Dubrovnik, designing
the summer residences of Dr. Ivan Raci¢ (1937), Dr. Marko
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Figure 3. The first building of the Institute — Old Spa (source: SASA
Archives, Historical Collection 14878/Il, photo-documentation, Legacy
of Dr. Svetozar Zivojnovi¢, a gift from his son Dr. Relja Zivojnovic¢ to
SASA Archives)

Mladinov (1937), Dr. Vojislav Mitrovi¢ (1939), and Dr.
Edgar Wolf Vukovi¢ (1939). It is assumed that Dr. Vukovi¢
and Dr. Raci¢, both otolaryngologists, contributed to the
creation of Dobrovi¢s project for the Ear, Nose and Throat
Department of the new Banovina Hospital in Dubrovnik
(1939). In this context, it is worth mentioning the project
for Dubrovnik’s Kursalon (1930), as well as participation
in competitions for health facilities such as the Regional
Hospital (Sarajevo, 1928), Banovina Hospital (Split, 1930),
Zakladna, and Jewish Hospital (Zagreb, 1931) [3].

Dobrovi¢ relies on the climatic potential of locations
in his design work, emphasizing the inseparable connec-
tion between the Mediterranean regions and the search for
health. He addresses the movement of people from large
cities seeking rejuvenation through the southern sun, clean
sea air, and iodine-, chlorine-, and bromine-rich seawa-
ter, all of which contribute to their health and energy for
further work and life struggle [14]. Dobrovi¢ was perhaps
directed towards the typology of healthcare facilities not so
much by the stylistic architectural current of modernism
as by the social context of post-war modernist-progressive
affirmation of healthcare architecture and the democratiza-
tion of the right to healthcare.

PROJECT ACTIVITY AND CONSULTANT ROLE OF
DOBROVIC IN RESOLVING ALL IMPORTANT URBAN
DEVELOPMENT ISSUES OF HERCEG NOVI

Upon arriving in Herceg Novi at the initiative of Dr.
Zivojnovié, Dobrovi¢ studied the archival material, technical
and photo documentation, and collected topographical-geo-
graphical historical maps of the city and its surroundings, on
the basis of which he published the book titled “Urbanism
Through the Ages I - Yugoslavia” (1950) [15]. In this book,
Dobrovi¢ highlighted the connections between natural and
built dominants and established transit routes, facilitating
an understanding of regional urban genesis. Preliminary
research led to conclusions about the terrain properties of
this part of the Bay of Kotor, which are summarized by fac-
tors of proximity (to the water surfaces of Toplanski Bay
and Kumbor Canal; elongated stretches of coastal lines;

www.srpskiarhiv.rs ‘

737



738

Raicevic A. et al.

SAS e s ey

b R 0 e

FONRRL CrRDn o akeveran B kene xal

Figure 4. Plan of Herceg Novi center (source: SASA Archives, Historical Collection 14878/Il)

flat terrains of the inter-hill regions of Igalo, Meljine, and
Zelenika; beaches of Igalo and the terrain of Savina, Meljine,
and Zelenika) and factors of distance (surrounding peaks
and mountain ranges of distant areas). Favorable views and
the inclination of the slopes of Savina justified the placement
of hotel resorts, sanatoriums, and housing, while favorable
vistas, clean air, and equidistance from all parts of the settle-
ment affirmed the development of educational functions.

Dobrovi¢’s concrete work began with the study titled
“Basics of the Urban Plan of Igalo” (1951), based on
which the Directive Urban Plan for the Arrangement and
Construction of Igalo as a Health Center and Tourist Place
(1953) was completed [16]. The Directive Plan envisaged a
rational zoning of Igalo’s territory and a framework for the
realization of a new healthcare center. This was an initial
planning document with set guidelines for future elabo-
ration. Dobrovi¢ then supplemented it with an Elaborate
Preliminary Design (1956), which detailed three regions of
Herceg Novi (areas of Sutorina and Meljine, Zelenika, and
the center of Herceg Novi). The interconnectedness of these
entities was achieved by relying on natural factors, bodies of
water, and coastal lines, as well as on the structure of roads
and the course of the Adriatic tourist road (today’s Adriatic
Highway), and the direction of the runway which defined
the area between the Tivat and Grbalj fields. The concep-
tual elaboration was based on previously accepted Directive
Plans of the mentioned areas. However, the Directorate for
Roads of Montenegro subsequently adopted the project of
the Adriatic Tourist Road, which conflicted with Dobrovi¢s
initial plans, affecting the documentation of the Preliminary
Design to be made in two parts.

After 10 years of development and adjustment, the
plan took its final form as a section of the Main Project
for Urban Planning of the Municipality of Herceg Novi
(1961) [17]. This Dobrovi¢ plan was the first systematic
urban planning document in the history of Herceg Novi.
It included project solutions for Igalo and the city center
within the scope of 10 kilometers of the coast (Figure 4).
The significance of the scope Dobrovi¢ defined by struc-
turing its unique image as part of a larger system, in the
regional framework of the Bay of Kotor and the Dubrovnik
Archipelago. The scope of the plan was larger than that of
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the Directive Plan, and at a level of detail corresponding to
the scale of 1:500, the plan provides for the character and
manner of using the basic zones of the Herceg Novi part
of the bay, directing the Adriatic Magistrala road, orga-
nization and arrangement of the city center towards land
and sea, and the zoning arrangement of urban functions,
particularly tourism and therapeutic services in Igalo [16].
Dobrovi¢ elaborated in detail the arrangement of the central
city zone, which he conceived as a linear series of spatial en-
tities and central content, such as local government build-
ings, the main pedestrian square, the Post Office building
(1962, built according to the Dobrovi¢s project), a cultural
center, an extension of the building of the NO Municipality
of Herceg Novi (1962, realized), public beaches, and the
Boka Hotel with its accompanying park [18].

As early as 1959, Dobrovi¢ and Zivojnovi¢ produced
a photomontage of the projected facility of the Institute
between Duri¢’s and Curi¢s hills, showing the commit-
ment to a sloping building between two neighboring hills,
in direct spatial and functional connection with the im-
mediate natural context. As Dobrovi¢ himself pointed out,
in this way the object synthesizes the advantages of block
and pavilion systems of space organization (Figures 5, 6,
and 7) [4, 18].

Urbanistic parameters have conditioned the deter-
mination of both the narrower and broader locations of
the medical circle in Igalo, with designated positions for
the Institute and the Children’s Department [17]. Both
locations were defined according to the proposal of Dr.
Zivojnovi¢, based on the program for further develop-
ment of the spa with 520 beds, which was drafted in 1959.
Morphological characteristics of the terrain and climatic
factors conditioned the scope of the intervention between
the hills in the coastal area of Igalo. The spa’s needs at
the time were organized through zoning differentiation
of purposes: accommodation and therapeutic units for
patients, open terraces for physical exercise, gatehouses,
boiler rooms, summer stages, tennis courts, basketball
and gymnastics areas, swimming pools, sunbathing areas,
commercial facilities, and traffic areas. The condition for
the realization of this segment of the urban plan was the
demolition of the old Institute building as an outdated and
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Figure 5. Nikola Dobrovi¢, Location and photomontage of the facility of the Institute for Physiotherapy and Medical Rehabilitation in Igalo, black
and white photography (source: Vukoti¢-Lazar M. Beogradski period arhitekte Nikole Dobrovi¢a. Beograd: Plato; 2002. p. 95)
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Figure 6. Urbanistic plan of non-built Institute (source: Dobrovic, N.
Zavod za fizioterapiju i medicinsku rehabilitaciju u lgalu. Zbornik ra-
dova Instituta za arhitekturu i urbanizam, 1961; I)

depreciated object (Old Spa). The urban concept of the
Institute’s prospective construction was considered by the
expert commission of the Secretariat for Public Health of
the Federal Executive Council and adopted in Belgrade
(September 1959). The program concept of the new
Institute building was presented to the Institute’s manage-
ment for expertise (December 1959); however, during the
realization of the Program and the project of the Institute’s
Phase II (1982), this proposal was ignored and the Institute
building was built on the basis of a different program
task [16]. Despite dedication and detailed elaboration,
Dobrovi¢’s visionary plan did not come to fruition. Namely,
the projected scale of investment exceeded the financing
possibilities. Not only was the plan not implemented, but
it was also rejected as unrealistic. The conservative local
community could not face modern urban standards, in-
stead giving priority to economic potentials and problems.
As Dobrovics sketches were displayed multiple times over
an extended period in Herceg Novi, being the subject of
public discussion, changed but never adopted, Dobrovi¢
reluctantly withdrew from collaboration with local services
and abandoned the vision of Igalo’s urbanization.
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Figure 7. The facades of the non-built Institute (source: Dobrovi¢, N.
Zavod za fizioterapiju i medicinsku rehabilitaciju u Igalu. Zbornik ra-
dova Instituta za arhitekturu i urbanizam, 1961; 1)

The failure and disrespect of the plan, on which he was a
direct collaborator, motivated Zivojnovi¢ to resign and take
early retirement (1962), so that the Municipal Assembly of
Herceg Novi (1966) proceeded with the preparation of a
new and different urban plan covering the area from Igalo
to Meljine [2]. Although he had ceased involvement in the
development of Igalo after the collapse of Dobrovi¢’s plan,
Zivojnovié tried again in 1967 to engage in these activities.
In the year when a ‘B’ category annex with a capacity of 140
beds was built next to an existing hotel in Igalo (unrelated
to Dobrovi¢s plans), Zivojnovi¢ published a documented
program study titled “Physiatric Potentials of Igalo and
Guidelines for Further Development and Construction of
the Institute for Physical Medicine and Rehabilitation.” In
the study, he expressed disagreement with the construc-
tion of a new spa circle at the location of the object built in
the first phase of the construction of the Institute, which
still exists today [12]. The criticism referred to the new
management of the Institute, which decided to build at
the location in the center of Igalo, thus preventing the or-
ganic connectivity between the interior and exterior of the
object. Close contact with the residential zone of Igalo led
to the exposure of patients to the routines of everyday life
of the surrounding population and modes of using spatial
resources that are unrelated to the medical-balneological
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Figure 8. Ground floor and the first floor of the Children’s department
of the Institute (source: Babi¢ Lj. Decje odeljenje za fizikalnu terapiju
u lgalu, Arhitektura urbanizam, 1967; 43)

center for rehabilitation. Population density and frequent
use of space increased with the subsequent construction
of a solitary settlement with a commercial zone, so the
aforementioned shortcomings have not been eliminated
even today.

BUILT INDIVIDUAL OBJECTS IN THE MEDICAL ZONE
OF IGALO

Apart from the preparation of urban plans, most of which
have remained only a testimony to the process of profes-
sional educated planning, Dobrovi¢ built several individual
objects. In the early 1950s, he implemented the Entrance
Gatehouse of the Institute, i.e., the “Gatehouse,” which was
demolished in the process of subsequent investment phases
of construction (1972) [16].

The largest and most significant work of archi-
tect Nikola Dobrovi¢ in Herceg Novi is the Children’s
Department for Physical Therapy, created in the period
1959-1962 and located within the system of the then
Institute in Igalo [19]. The building represents an extensive
expansion and reconstruction of the former cable center.
In line with the disposition of functions of the Institute’s
building that Dobrovi¢ planned, a series of design deci-
sions concerning the Children’s Department were imple-
mented (Figures 8, 9, and 10).

The ground-level arrangement of the surrounding spaces
included elements of the health complex into the natural
environment. The position between two adjacent hills in-
evitably conditioned the spatial-functional connection of
the building with the natural context. In this way, climatic,
soil, and biotic factors, in agreement with social factors
and the functional arrangement of the built environment,
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Figure 9. Nikola Dobrovi¢, Children’s Department of Physical Therapy
(photography: Andrea Raicevic¢, 2022)

Figure 10. Nikola Dobrovi¢, Children’s Department of Physical Therapy
(photography: Dragan Dragin, 2021)

contributed to the sustainability of the health prospects of
the complex [16]. To emphasize the ground surfaces and
their connection with the object, direct access to the ground
level from all floors has been defined. According to the es-
tablished model, individual buildings in the garden areas are
framed by a network of pedestrian paths, open swimming
pools, and rehabilitation devices, accessible from each floor
of the building that provides functional connectivity and ac-
cessibility of the surrounding land. At the ground level, there
are free zones for pedestrian passage with routes of con-
tinuous movement. The accommodation block, distributed
over five floors, consists of patient rooms that are program-
matically arranged. Contact with nature is ensured through
balconies in all rooms, and physical activities (walks) for
patients during bad weather are facilitated by long corri-
dors. Corridor pathways continue onto pedestrian paths for
greater comfort when transitioning from the indoor to the
outdoor space. The roof plane is adapted for hydrotherapy
treatment and activities under the open sky [18].

CONCLUSION
The paper discusses the respective contributions of Dr.
Svetozar Zivojnovi¢ and architect Nikola Dobrovi¢ to the

development of Igalo’s medical infrastructure and the
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improvement of this urban area into a center for health
tourism in the Adriatic region. Dobrovi¢ and Zivojnovi¢
actively participated in the urban planning of the Herceg
Novi municipality and foresaw the detailed development
of a larger number of individual healthcare facilities.
Although guidelines for design, in the form of system-
atized needs for the city’s development, were directed to
Dobrovi¢ by various commission-regulatory bodies of
the Public Committee of the Herceg Novi municipality,
while professional communication was mediated by the
City Council body, the significance of Zivojnovi¢s advi-
sory role in these processes was crucial. Dobrovi¢ had a
mutual relationship of respect and uncompromising trust
with Dr. Zivojnovi¢. As an architect, he subordinated his
personal interest to social responsibility, and in the desire
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Capaara npumapujyca ap Ceerosapa XusojHosuha n akageMuKa n apxuTtekTe
Hukone [lobposuha y pa3sojy meauunHcKe UHPPACTPYKType y Urany

Anppea Panyesuh', Bnagummp CreBaHoBwh?, MapTta Bykotuh-Tlasap?, [ejaH Ty6uh?

'YHuBep3utet y beorpagy, Gunosodcku dakyntet, beorpag, Cpbuja;

YHnBep3uTeT,YH1oH — Hukona Tecna’, @akynteT 3a rpagutesbcki MeHalMeHT, beorpag, Cpbuja;
3YHueep3uTeT y MpuwTtnHm - Kocoscka MutpoBuua, Ornosodckn dakyntet, KocoBcka MutposuLa, Cpbuja

CAMETAK

Yp6aHNCTNYKO NO3MLMOHMPatbe, aPXUTEKTOHCKa KOHLeNLy-
ja n u3rpagba 30paBCTBEHNX 0bjeKaTa Npunagajy CroXeHoOM
npoLecy Koju YKibyudyje HU3 aKTepa 13 UHXEHepCKe CTPYKe,
anv 1 NOANTUYKO-YNPaB/bayknx CTPYKTypa off YNjUX ofyKa
3aBUCU YCMELHOCT peanu3auuje. leHepanHo nocmatpajyhn
KpO3 NCTOpWjy, UHBONBUPatbE 1 NpefCcTaBHMKa MeAULIMHCKe
CTpyKe y OBaKBe nofyxsaTe noka3asno ce MjI0A0HOCHAM jep
OHU TUME AUPEKTHO YTNYY Ha GYHKLMOHATHO 11 O6NMKOBHO
OCMMLLIbaBatbe COMCTBEHOT PafjHOT OKPY»Kekba. Y ToM cMUChy,
MOXe Ce KOHCTATOBaTu a Cy capajtbe NHXerepa, KOHKPeT-
HO apxuTeKarta, ca JlekapviMa YTONNKO BPefAHMje 3a HayyHa
NCTpaXkmBara y 0bnactyi Kako nctopuje MeanLUrHe, Tako 1
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uctopuje apxutektype. OBaj pag ce 6aBv UMNvKaLmjama ca-
paphe npumapujyca ap Cetosapa *KueojHosuha (1899-1981)
1 akafiemmnKa 1 apxutekte Hukone [lo6posuha (1897-1967) Ha
U3rpaK BuLLe 30PaBCTBEHMX 0bjeKaTa 1 niaHupatby ypba-
HUCTUYKMX LenuHa y Wrany ToKom LuecTe 1 cefime feLieHnje
XX BeKa. ictnuy ce H1X0BM pecnekTUBHY JONPUHOCH, KOju
ce cMaTpajy K/by4YHVM 3a APYLITBEHO-EKOHOMCKM Pa3Boj Koju
je Vrano npeTBOpKO y MOAEPaH 3ApaBCTBEHN LieHTap MehyHa-
pOAHOT KapaKTepa U jefaH Of MaBHUX LieHTapa 3ApaBCTBEHOT
Typu3ma y MeauTepaHcKoj peruju.

KmyuHe peun: ncropmja meguumHe; Ceetosap KnsojHoBuh;
3asoa,p Cumo Munowesuh - Urano”; Hukona Jobposuh;
MeAVLMHCKa MHPacTPyKTypa
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IN MEMORIAM

Cro roauHa op, cmptu npodecopa Bojucnasa J.
Cy66oTtunha, pogoHauenHuka xupypruje y Cpbuju

U NpBOr peaoBHOr Nnpodecopa Xupypruje Ha
MepguumHckom pakynterty y beorpaay (1859-1923)

Papoje Yonosuh
Cpnicka akafiemuja Hayka 1 ymeTHocTu, Beorpag, Cpbuja

CAMXETAK

OBux AaHa (4. 12.1923. no jynujaHckom, 17. 12. 2023. no rperopujaHCKoM KaneHaapy) HaBpLUuaBa ce CTo
rofjMHa of, CMpT1 pofoHauenHuKa xmpypruje y Cpbuju, jeaHor of ocHrBaya, 1 y3 MunaHa JoBaHoBuha
BatyTa npBor (pefoBHor) npodecopa MeaunumHckor dakynteTa y beorpagy, npsor npodecopa xupypruje,
NpBOr NPoAeKaHa 1 Mo pefocneay APYror fekaHa, NPBOr XMpypra fekaHa, OcHvBaya 1 weda Kateppe
XUpYpruje, OCH1BaYa 1 NPBOT ynpaBHUKa X XMPYPLLKE KIVHYIKe, BULLErOAVLIHbEr ORAVYHOT NpefcefHKa
Cpnckor nekapckor ApyLTBa, opraHu3sartopa lMpsor cactaHka cpnckux xupypra (1907) u Mpsor jyrocno-
BEHCKOT cacTaHKa 3a onepatvBHy MeaunuuHy (1911), HajcBecTpaHujer n Hajnpu3sHaTujer cpnckor Xvpypra,
ymja Cy NMOHMPCKa BoCcTUrHyha y BacKynapHoj XMpypruiju AeLeHrjama octana HenpesasuheHa. Mo3Hatu
amepunukm xupypr H. M. Puy n cap. cy 1983. roamHe y unaHky , The Matas/Soubotitch connection’, 06ja-
BJbEHOM Y MO3HAaTOM Yaconucy Surgery Hanucanu cnepehe o werosm gocturHyhima:,ipoHnyHo je pa
je npowwno ckopo 40 roaviHa Npe Hero LUTO Cy CIMYHI YCNecy NOCTUTHY TN TOKOM Apyror Aena Kopejckor
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cykoba (1952-1953)".

KmyuHe peun: Bojucnas J. Cy660Tuh; pogoHauenHuk cemx rpaHa xupypruje; Cpbuja

Mopoguua Bojucnasa J. Cy66oTtuha

Bojucnas Cyddoruh je pohen y Hosom Cany
y IIaTPUOTCKOj CPIICKO]j rpahaHCKoj HOpoamIy,
ox Majke CaBke ITommmr (1834-1918), (cecTpe
Muxauna ITomnt-Jecanunha) u3 rpuxe (umH-
Lapcke?) mopopuiie Koja ce gocenia Y Hosu
Cap us Iapurpaza. CaBka ce mKonoBana y
HosoMm Capy u of 1848. kajia je mopogudHa
kyha duia nopyurena ma go odHoe kyhe mko-
JI0BaJIa Ce Y KaTOMMYKOM MHTepHary y beuy. 3a
Bojucnaga J. Cyddoruha ynana ce 1851. ropu-
He. CaBka Cyddotnuh je duna Benuku dopan
3a IIpaBa >KeHa. bua je ocHuBau Ygpysceroa
ioctioha y 3aipedy (1866), JKercke 3agpyie y
Hosom Cagy (1867), Buwe semncke wixone y
[Tanuesy (1870), Buwie sercke wikone y HoBom
Capy (1874), jenHa of OcHMBaya 1 IIPBU IIPef-
cepHuK (1903-1906) Kona cpiickux ceciiapa,
IPWINKOM 4Mjer OCHMBAbA je PeK/Ia fia ,CBaKI
Hapof KOjU TeXV KYITYPHOM HaIlpeTKy Mopa
yBeK JIa IOYHe Off IeTeTa, jep Off HaulHa odpa-
30Bama flele 3aBucK dyayhHOCT Hapopa 13
Kora cy moHuknu . CaBka ce ¢ eHTy31ja3MOM
daBwaa 1 ahMpMaIjoM HapofHe PagMHOCTI
U PyKOTBOPMHA CPIICKUX >KeHa Ha foMahnm
U CTPaHMM M3/T0XKdaMa, a MMpOoTcKu hummum
Ha3uBaJa je ,II0€31jOM XKEHCKe PyKe KOj je y
PaBHM ca CPIICKMM HapOfHNM ITecMama“. buma
je TIOYacHY TIpefiCeTHUK BUIIIe SKeHCKUX YAPY-
JKema, ,Majka CBOTa Hapofia“, KaKo jy je Ha3Bao
Anexca lllantuh, n jenHa oy 3HaYajHUX dopara
3a IIpaBa JKeHa y AycTpoyrapckoj u Espomnn.

Oran Bojucnasa Cyddoruha duo je Jo-
BaH Cyddoruh, ox ona Joakuma (Ahuma)
Cyddornha, cBemrenuka y Jodpuunnma
y Cpemy, 1 majke Cape. JoBaH je JOKTOPU-
pao ¢unosodujy (1936) u npasa (1838) Ha
Yumsepsurery y Ilemrtu. Pagno je xao agso-
Kar, 8110 je MecHMK U IpaMCKU TIMcall, jeflaH off
IpeiBOJIHMKA CPIICKOT Hapopa y Bojsopnuuy,
ypenuux Jleitioniuca Maitiuye cpiicke (1842
1847), 4oBeK KOji je ca3Bao U PyKOBOJMO
CkymnmryaoM Cpda y ITemty (1848) ma du ce
npep npencrojehe dypue norahaje nedunncamm
3aXTeBMU CPIICKOT Hapofa y AyCTpOyrapckoj,
ydyecHUK Majcke ckynmTyuHe y CpeMcKuM
Kapnosunma (1848), Ha k0joj je, usmehy ocra-
7101, ocHoBaHa Kapopauka narpujapuija u
3a marpujapxa usadpan Jocud Pajaunh. Buo je
nsacmanuk Cpda y Yrapckom cadopy, y Kome
je n3Hocmo upeje dmicke unejama CeeTosapa
Muneruha, n y XpBarckoMm cadopy, y Kome
je 1867. mogHeo mpeIor 0 paBHOIPaBHOCTYU
cprckor uMeHa u hupnmmie, d1o yrpaBHMK
3emamckoi kasanuwitia y 3arpedy, y HoBom
Capy npefcenuk Maiiuye cpiicke v YeTHUK
Opywiniea 3a Cpiicko HapogHo Ho30puunLilie,
4yji 3afaTak je Ouo a Bopy dpury oko pyHaH-
cupama [TosopuTa (Koje je ocHoBaHO 16/28.
jyna 1861. roguue) u ypegHuk nucta Hapog.
Papyo je Ha moBe3uBamy CPICKUX M XPBATCKUX
nomuTUYKuX nentapa, Hosor Capa, 3arpeda,
Ocujexa u beorpapa ntn.

JoBan u Caska Cyddoruh cy umanu mecro-
po nene: Buny, Bepuny, bpanucasa, Ospena,



100 roguHa og cmpTu npodecopa Bojucnasa J. Cy660Trha, pogoHauenHuka xvupypruje y Cpbujy n npBor peaoBHOr npodecopa Xupypruje...

Hejana n Bojucnapa. Busa n Ospen cy paHo yMpnu of
Majux doruma. bpanucnas je duo gumnomara, [lejan
(Iean) je saBpmo pycke BOjHe IIKOJIE ¥ Y YUHY I'eHe-
pai-najTHaHTa 810 je rydepHaTOp AMYPCKUX IIPOBUH-
nuja (Maunypuje) y Pycujn. Kao nodposoary gomrao je
y Cpdujy ca renepanom YepmwajeBum 1 dopuo ce y IIpsom
CPIICKO-TypcKOM paty 1876/7, a saTuM je duo noyacHu
CpIICKY reHepanHy KoH3yn Ha Kpumy. buo je yuecHnk oda
dankancka u IIpBor cBerckor para. YMpo je 1920. ropu-
He. CaxpameH je y IOpOANYHOj IPOSHUIIN Ha 3 MYHCKOM

rpodby.

MKuBoTHa n npodecnoHanHa 6uorpaduja
Bojucnasa J. Cy660oTuha

Bojucnas Cyddoruh ce pogno y Hoom Capny. OcHoBHY
HIKONTy y41o je y 3arpedy, a rumHuasujy y Hosom Cany.
Mepununy je crygupao Hajupe y beuy, satum y Ilapusy,
11a HoHOBO Y beuy. ToxoM cTynmja duo je meMoHCTpaTOp
xox Kapma Poxuranckor, cmaBHOT deukor npocgecopa ma-
tonoruje. CTyanje MeguuuHe 3aspumno je y beuy 1881.
TOfiMHE, Y 22. TOAVHY XUBOTA.

Xupyprujy je cnenmjanusupao Kop CIaBHOT MPO-
¢decopa Exyapaa Andepra (1841-1900), meda IIpse
YyHusepsuilieilicke xupypuxe xaunuxe y bedy, xupypra
KOjJ ce CHa>KHO 3aJ/1arao 3a yBobeme aHTHCeNCe, KOju
je yBeo dpojHe HOBe OIlepaTHBHE 3aXBaTe Y XUPYPIHjY,
jyHOCTOMU)Y, HePEeKTOMU]jY, CEPO-CePO3HM LIaB Lipe-
Ba (,,l1aB 110 AndepTy"), IpBU U3BEO TPAHCIUIAHTALUjY
JKUBIA U JIP., IOCTABJO MH/UKAIIVj€ 32 MHOT€ OIIePaTIB-
He 3aXBaTe U HaIllCao BUIIe YIIOeHMKA. YUIO je ¥ KO
Kapena Majpna (Carel Maydl), xoju je 1883. rogune y
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adJOMMHA/IHY XUPYPIUjy yBeo KomocTomujy. Oda cy
norunam u3 boxemuje (Yemke). Cyddotnh ce ca muma
cripujatesbro, mocedHo ca Majuom.

Topnue 1884. CyddoTuh je mocrasmen 3a ¢pusu-
Kyca I IPUMapHOT JleKapa y 3eMyHY, Iie je OCHOBAO
XUpypIIKO Ofie/berbe 1 II0CTao yIpaBHUK bonunie. Beh
y 3eMyHCKOj OOTHUIIN TTOYEO je [ia U3BOAMU CTI0XKeHe Olle-
paTMBHe 3axBaTe U ja IyOnuKyje y BofehuM gaconmcuma
y Aycrpoyrapckoj u Hemaukoj.

Cyddotuhy je nyheno mecto meda Xupypuikor ope-
/berba y 3arpedy, anu je OH MPUXBATHO TOHYAY, U3TIeNa
mary Ha npenior gp Bragana hHopbhesnha, 3a Mecto meda
Xupypiukor ogepera Onuite ap>xaBHe domunte (OJIB)
y beorpany, koje je mpeyseo nmoderkom 1889. rogune, u
oIMax IT0Ye0 BEMTMKM II0Ca0 Ha CTBapamwy U usrpahusa-
Y CPIICKe XVUpYpIuje. Y pasHUM IydIMKanujaMma uMeHy
Bojucnasa J. Cyddoruha ce gopaje u peu ,,Crapuju ga
du ce nmpaBwa pasnuka of Bojucnasa M. Cydoruha, np-
BOT CPIICKOT HeypOIICUXMjaTpa, TaKohe YoBeKa Koji je Ha
MHOTO Ha4lHa 3ay>KIO CPIICKV HAPOJ, CPIICKY MEUIVIHY,
Cprucko nekapcko apymrso (CJII) n Cprcko fpymTBo
Ipsenor kpcra.

Ip Bojucnas Cyddoruh je y pyTuHcky ynorpedy yseo
OIIUTY ¥ TOKaJHY aHacTe3njy. VisBopmo je ox 300 go 400
olepanuja roguimse. 3axsapyjyhn spegaohu n ogmry-
HOM 3Halby HeMa4Kor, (paHI[ycKor 1 Mabapckor je3uka,
QXYPHO je IIPaTho TUTePaTypy U CTATHO YBOAUO HOBE,
y TUTepaTypu TeK ONNCaHe olepaluje, Koje Cy pasBu-
jaHe y Bogehum knunukama y EBponn u Cjegumennum
Amepnukum [Ip>xaBama (CAJl), moHekan nx u mogudu-
Kyjyhu, Tako fia je ca ycIeXoM M3BOJMO IIPAKTUYKI CBE Be-
JIVKe olepalyje Koje cy usBoheHe Ha BofehuM KInMHMKaMa
y EBponu tor Bpemena. [Ip Jleon Koen je c mpaBom pexkao
Jia ce Ha ,XVIPYPLIKOM ofesberby I. Cyddornha panu no uc-
TVM IPMHIMIIMMA Kao U Ha HajHAIIPEHMjUM KIMHMKaMa .

Csaxka TakBa onepanuja d1ja je CBOjeBpCHU XepOojcKu
HIOZ[yXBaT, jep y TO BpeMe Huje OM/Io eHjoTpaxeanHe aH-
ecTeslje, MapeHTepaHe pexyupparanyje, Tpancdysuje
KPBU, aHTUOMOTYIKA, U CBera OHOT de3 4yera ce XUpypruja
IlaHac He MoKe HU 3amMucnuTu. Heke croskeHe omepanuje
koje je Cyddoruh y THM ycrmoB1Ma ca ycriexoM UsBOziuo,
IIOCIe BUILIE Off CTOTUHY TOJMHA, YCIIELIHO MO>Ke 1a Ypajy
CpasMepHO Mau dpoj XMpypra y Hallloj 3eM/bI.

ITowrTo je M3BOAMO OllepaliMje Ha CBUM OpPTraHMUMa, fia-
Hac NpakTUYKy HeMa HujefHe rpaHe xupypruje y Cpduju
3a Kojy ce He du Morto pehn na je Cyddoruh Huje 3acHo-
Bao. [lokasyBarbe OBe TBP/iHbe ITPeBasyIasy MoTpede 0BOT
IIPUTOJHOT TEKCTA, a 3aYfHTEPEeCOBAHM YMTaal] JoKase
Moxke Hahy y mpunoxeHoj muteparypu. Haxanocr, ose
UCTMHe Haj4elnhe Cy MOTIIYHO HellO3HATe YaK ¥ HaIlUM
XMpYp3MMa ,,Ha I7Iacy’, Ia HIIp. Kao ,IIpBe" onepanuje y
Cpduju moHekana HaBofe onepanuje koje je Cyddoruh
ca ycrexoM usBopuo nynux 40 roguHa panuje. JIok fpy-
TU Hapoyy JbyOOMOPHO denexke HajpaHje MoYeTKe CBoje
XUpYpruje U BbeHUX CIelMjalTuCTUYKIX IpaHa, 30T cra-
dor nmosHaBama UCTOPUje CPIICKe XMPYPrHje, HAIN, YaK
yIiegHu npogecopy XUpypruje, o4eTKe ,CBOjuX  IpaHa
XUPYpruje JaTupajy u 10 BAILIE JeleHNja HAKOH LITO Cy
ux CyddoTuh u cap. pyTMHCKY U3BOIWIIN.
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Ip Bojucnas J. Cyddoruh je, ynpkoc cB0joj XMPYPpILIKOj
BEJIMYMHY, MO CKPOMaH U, KaKo je pekao np Muxaumo
ITerposuh, onepucao je ,1ipy 3aTBOPEHUM BpaTUMa, Koja
Cy ce oTBapaja caMo JIeKapyMa, jep HUIITa My MpCKje
HUje 0110 HO peK/IaMa HOBIHAPCKA KOjy je cMaTpao He-
JOCTOjHOM 030M/bHOT TeKapa“ (II0IBYKao ayTop), IITO Ou
3a MHOTe JlaHac Tpedasio fa dyze ,,JIeKOBUTO "

Ip Cyddoruh je HanpaBmo ckuLie mpeMa Kojuma je jen-
Ha IpojekTaHTcKa kyha y Byaumnemry uspaguia mpo-
jekTe 10 KojuMma cy 1907. rogyHe 3aBpIIMIN , XUPYPLIKA
IaBWBOHM  Ha 3amajHoM Bpauapy, y To Bpeme Mebhy mo-
mepHujuM y EBpomnm, Koju ¢y CIry>Kumm o ceflaMaeceTux
roguHa XX Beka, Kajia Cy IOPYIIeHN pafy U3Tpagibe
Knuunykor nentpa MeguumHckor ¢pakynrera.

Ip Bojucnas J. Cyddoruh je duo jeman ox Hajdomux
»aktyBucTa“ CJI]I-a y merosoj mpeko 150 rofyHa m1yroj
uctopuju. Iberos gomasax y CJI]] yHeo je cacBuM HOBM
IyX 1 enaH y pag. CaMo TOKOM IIpBe rofiiHe pedepucao je
OKo 60 myTa, a CTpy4YHM ¥ HayyHM HUBO cacTaHaka CJI]I-a
MIOANTHYT je Ha eBporcky HuBo. Cactanmy [IpymTsa mo-
CTaJIV Cy MHOTO 3aHVM/bUBUjY U €IYKATVBHUjY U 3HATHO
dome mocehenn. YBepeH y moTpedy y»K1x CHelujamsam-
jay Mepuuyay n xupypruju, Cyddotuh je 22. u 23. nenem-
dpa 1907. ropviHe opranusosao [Ipsu cacilanax cprckux
Xupypia, Ha KOMe je y4eCTBOBaJIO 65 YYECHMKA, Off KOjuUX
TPY U3 MHOCTPAHCTBA, U ypenuo je V3sewsinaj o pagy (Tj.
300pHuK), koju je 1908. rofune Ha 94 cTpaHe LITaMIIaH y
Ip>xaBroj wrammnapuju Kpapesune Cpduje u y kome cy in
extenso IITaMIIaHa CBA M3/Iaramba M CBe AMUCKYCHUje 1 yHe-
te dpojue mnycrpanyuje. Kpajem 1909. n movetxkom 1910.
HopeJ; pefloBHMX CacTaHaKa OfIP>Kao je 0caM OfIBOjeHMX
»CacTaHaKa ca JIeKapuMa KOju Cy ce daBUIN OIepaTHB-
HoM MeguuyHOM . Kao Benmku nmpucranuia 30mmKaBamba
jY’)KHOCTIOBEHCKUX XUPYPra, 5, 6, 1 7. centemdpa. 1911.
rofiuHe oprannsoBao je IIpsu jyiocnosencku caciianax
3a ollepattiueHy MequyuHy KoOMe Cy IpucycTBoBana 132
xupypra us Cpduje, Byrapcke 1 Aycrpoyrapcke, HajBuIie
U3 IbeHNX ITOKPaj/iHa a JaHAIIBYX perydnnka, CroBeHyje,
Xpsatcke u bocHe 1 XeplierouHe, a SUIo je 1 NOjefHUX
ydecHuka u3 Llpue Tope, Typcke n Yenike. OBaj caciianax
je xacHuje y3et 3a IIpeu KowHipec jyioco6eHCKUX XUPyp-
ia. Cyddoruh je ca gp ConomonoM J. AnkanajoM ypenuo
300pHUK 1Tof Ha3uBOM I jyiocnoseHcku cactilanax 3a otie-
pamiusHy mequuury, Koju je 1912. ropune Ha 538 crpana
mramiana Hosa mramnapuja Case Pagenkosuha u dpa-
Ta, Y KOMe Cy Takobe in extenso ITaMIaHY CBU PafiOBY U
CBe JMCKycHje, yKbyayjyhu 108 cnuka u jenHy Tadeny y
Soju (II jyiocnosercku cacitianax 3a otlepaitiueHy megu-
YuHy onp>kaH je 5. u 6. centemdpa 1921. y opranusanuju
Cyddoruhesor npujare/pa, Mupocnasa 1. Yaukosuha,
npodecopa MepunyHckor ¢akynrera y 3arpedy).

Cyddoruh je ner myra dupan (yKymnHO IeT rofnHa) 3a
npepcepunka CJI]I-a, a 3a Te roguse je np bykuh IIujape
C IYHMM [IPaBOM HAIINCao Ja Cy duJie ,,IepuojJ, HAyYHOT
nomeTa“

Ip Cyddoruh je dmo Benuxu cprcku marpuora. Jako
HOfaHUK AyCTpOyrapcke, OH je fiBa IyTa Ouo HodpoBo-
jpall y paToBUMa Koje je Cpduja Boauia; Hajipe je Kao
17-ropuinmak 30pumaBao pameH1Ke Ha [JpuHY 3a BpeMe

Papoje Yonosuh

ITpBor cpricko-Typckor pata (1876/77), a 3aTuM Kao jeKap
U XVIPYPT pambeHIKe Y CPIcKo-dyrapckoM pary (1985/86).
VY parosuma 1912. n 1913. rogune, Kao XUPYPpr U CPICKU
TIOJIaHMK, 30p1IbaBao je pameHnke y beorpagy u Humry, n
ofp>kao 13 cacTaHakKa HallMX ¥ CTPAHMUX XMPYPra Koju cy
IIPUTEK/IY ¥ ITOMOh CPIICKOM BOjHOM CaHUTETY, Ha KOjuMa
Cy aHa/lM3ypaHa paTHa XMPYpLIKa UCKYCTBA U IO IOTpedu
KOPMUI'OBaHa XMpPYypIIKa JOKTPUHA Y 30pMIbaBamby paTHNUX
nospezia. HapounTo ce nctude HoBa JOKTpUHA 30pUba-
Bama MOBpefia Behyx KpBHUX CY[I0Ba, apTepyja U BeHa
BUXOBOM PEKOHCTPYKLMjOM, YMECTO HOTaJAlIbeT Py-
TVHCKOT IIOfiBe3yBama (IUrupama), ITo je d1ja HOBMHA
Y CBETCKOj XMPYPpruji, a mro je 1913. rogune 0djaBbeHoO
y Lancet-y. ¥ unanky y yaconucy Surgery, nofj HaCTI0BOM
»The Matas/Soubbotitch connection®, cnaBun amepnyukn
BOjHU XUPYPT, yuecHuK Kopejckor u BujerHamckor paTta
Hopwman Puu (Norman Rich) u cap. Hanucanm cy u cie-
nehe: ,Soubbotitch /.../ initiated one of the first clinical
programs that emphasized repair, rather than ligation, of
injured arteries and veins. Surgeons from the capitals in
Europe visited his clinic to assist in this effort, and the
1913 presentation in London included the experience of
managing 77 injured large blood vessels, which resulted
in 32 vascular repairs — 19 arteriorrhaphies and 13 venor-
rhaphies. It is ironic that nearly 40 years passed before
similar successful efforts were achieved during the latter
part of the Korean Conflict (1952 to 1953)“ (moxBykao
ayTop oBOT WIaHKa). [Tocenma peyeHn1a y IpeBoRy I71a-
cu: ,VIponnuja je fa je mpouuto ckopo 40 rofyHa 1npe Hero
CY CIVIYHY YCTIENTHY HAIIOPY IOCTUTHYTH Y APYTOj eTaIn
Kopejckor parta (1952. o 1953)

Y IIpBOM CBETCKOM paTy, HAaKOH OJJTyKe fla Ce Halla
BOjcKa IoBy4e Ipeko AndaHnje, BpxoBHa komanpa je
Suna npensupena ga gp Cyddoruh ocrane y Humy n
Zia ce mpefa dyrapckoM okymaTopy. VMako temxo dorne-
CTaH, OH je TO 0fdMO U TOBYKao ce mpeko Andannje. Ca
Kpdoa je mocnar y Jlongon u ITapus, rae je duo usacrna-
Huk KpaspeBune Cpduje y MebhycaBe3HU4IKOj caHUTET-
ckoj komucuju. Tomyue 1918. Bparuo ce y Conys. Ondno
je monyheHo MecTo XUpypra y n03agHCKOj dOMTHIIIN 1
oTnirao y JJparomasiie, y ereHgapHy XupypuiKy mosb-
cky donmuuny [Ipyre apmuje BojBope Crere Crenanosnha,
KOjy Cy OCHOBA/II 1 Y 1Oj Pafy/IN BHeroBY YIeHNIN U
capagHuiy, tokropu Muxawnno Ilerposuh, Jleon Koen
n Huxomna Kpcruh.

ITo noBpatky y beorpaz modeo je 0dHoBY Xupypiukor
ogmerpema OIB, Koje je d1JI0 OIYCTOLIEHO U OI/badyKaHO.

Cxsarajyhu orpoman sHadaj MenuuyHcKor axynTeTa
Ha pa3Boj Megunyte y Cpduju, Cyddoruh je duo jenan
O]l CHa)KHMX 3arOBOPHMKA HEeTOBOT OCHUBAIba, KOje je
uHade duyo npeasuheHo y 3akowHy o dogusary Benuxe
uiKone Ha HUB0 Yrueep3uitieilla, ycBojeHoM 1905. rogume.
Kako 13 pa3Hux pasyora o ocHuBamwa QakynreTa Huje
nonasuio, Cyddoruh je xao npencepuuk CJI/I-a cazao
cegauny JpymTsa 5. mapra 1911. rofuHe, Ha KOjy je 1o-
3Bao u Boxiehe momtnyke mranoctu Cpduje, U y yBOTHOM
U3Jaramy pexao: ,Of Bajkazia je MeiMIHa Ba)KHA IpaHa
KY/ITYPHOT )KMBOTA HapoJia, a IEHTPU y KOjuMa ce OHa
raju U y4u U3BOPU Cy YIUIMBA U YTHUIIAja, KOjU JOIIUPY
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YecTo U JI0 ya/beHUX ITOKpajuHa 1 Hapoga. [Inutame o
OCHMBaIby MEIUIIMHCKOT (paKy/ITeTa Ha CPIICKOM YHUBEp-
3UTETY 3HAYajHO je 110 HapoJ U p>KaBy, He CaMO CTOra
IITO Off FeTOBOT ITOBOJ/bHOT pellletha 3aBUCY YMHOTOMeE
SynyhHOCT HapofHOT 3[paB/ba, MEAVLIMHCKIX 3HAHOCTY
U MeVLIMHCKOT cTanexa y Cpduju, Hero u crora 1iTo je
C BbUIM TECHO CIIOjeH IPaBWJIHYU Pa3BUTAK CPIICKOT YHU-
Bep3UTeTa U CPIICKe HayKe YOITIITe .

ITpunpeme 3a ocHuBame PaKkynTeTa, y Kojuma je y3
Munana JoBanosuha baryra CyddoTuh duo HajsHavajHMja
JIMYHOCT, MUHTEH3UBYPAHe Cy NOCIe dalKaHCKUX paToBa.
KonauHo je y Majy 1914. ronune duno foHeTo Peuserve
0 ocHMBaky MexnuuHcKor ¢akynrera y beorpany un
IIOYETKY pajia y jeceH Te TOAMHE, Koje je oMernio usduja-
mwe [IpBor cBerckor para. [Tocne merosor 3aBpureTxa,
Cyddoruh je duo jeman op ocuusava akynrera. Ykazom
perenta Anekcannpa Kapahophesuha, koju je nornmcao
u MyHucrap npocsete ITasne Mapunkosuh, Cyddoruh je
IIOCTaB/bEH 3a IPBOT PefOBHOr Ipodecopa Xupypruje u
n3adpaH 3a IIpBOT IIpOfieKaHa, a ciepehe, 1921. ronnue, u
3a JekaHa MepguumHcKor ¢akynrera.

Kap cy cTacaBanu mpBy CTyfeHTV MeJUIIMHE KOjuMa je
Tpedarno fp>KaTu npefaama ns xupypruje, Cyddoruh ce
110ceQHO CIIpeMao 3a Taj BeIUKY JaH KOjI je TOTIUKO YT
U TaKo >Ke/bHO Yekao. Haxkanocr, Taj, jenan o Hajpehux
[aHa Y BeTOBOM JXIBOTY, HIfje I0YeKao.

Ympo je 4/17. XII 1923. roguHe 3a CTOIOM Ha KOMe je
OMIIO BeroBo MPUCTYIIHO NpefiaBambe. YMeCTO mbera, Ipe-
JaBarbe je MPOYNTa0 Heros HaclefHMK Ha KaTenpu, BaH-
penuu npodecop Munusoje Koctuh.

Ip Bojucnas J. Cyddortuh je duo wian dpojHux yrien-
HUX CTPaHMX CTPYYHUX IpyLITaBa: GpaHIyCKOTL, HeMay-
Kor 1 Mel)yHapogHOT XMPYPLIKOT APYIITBA, IEIITAHCKOT
JIeKapCKOT IPYLITBA, MapyCKe MeUIMHCKe aKaJeMuje,
Jpymrsa patHux BojHux xupypra CAJl u JIpymrsa par-
Hux xupypra Exrnecke. buo je u Hocunan SpojHMX goma-
hux u cTrpaHux ofMKoBama U IpU3Haba.

Cyddoruh je ctpyuHe pasose modeo odjaBmbnsa-
T 1886. roguue. Y IlemTaHcKoM MeAVIVHCKOM JIUCTY
OIICA0 je aKTMHOMMKO3Y, CAMO JieBeT TOAMHA IOCIe
npBor omca donectu of crpane Jonunrepa (Dollinger)
(1877) un Vizpaena (1888) (Israel). Tomuue 1887. onmcao
je ,OIlepallMOHM CIy4aj IMCTe MaHKpeaca“ 1 duo je de-
TBPTU XUPYPT Y CBETY KOjU j€ AUjarHOCTULMPAO U yCIIe-
LTHO OIlepMCao OBaj XMPYpIIKK eHTUTeT. fomnue 1898.
peLieH3upao je Pailiny canuiiieificky cny#dy NyKOBHMKA
Ip Muxanna Muke Mapkosnha, Hade/THUKa BOjHOT ca-
Hutera KpaeBune Cpduje, y k0joj je ;a0 HU3 KOPMCHUX
capera u npepyora. Ha ITpsom xonipecy cpiickux nexapa
u apupogroaxa, OgpxKaHoM of 5. fo 7. cerrremdpa 1904.
TOfIMHE, IP>Kao je mpefaBame ,,I Ipuor naTonoruju amnex-
pyuupruca’. OdjaBuo je HEKONMMKO pajoBa O ICTaMa I
IPYTMM 0d0/berUMa ClIe3VHe U OINCA0 ITOBPeny ductus
hepaticus-a y Toky nospepe Tpdyxa. [Incao je n o uneycy,
YJIKYCY, aKyTHOM VI XpOHMYHOM ITaHKPEATUTIUCY, TYOEPKY-
03 LipeBa, XepHMjaMa M HU3Y IPYTUX XUPYPIIKUX dorte-
CTH, V1 YZIary 3a MMOOU/IM3aLUjy IIpe/ioMa LyTUX KOCTU)Y
Hore, 0 enmpemuju nerasor tudycay Cpduju u np. Beh
je duimo peun o BHEroBOM HajsHauyajHMjeM pany ,Military
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experience of traumatic aneurisms®, odjaBperom 1913.
ropuue y Lancet-y.

[Totyny CyddoTtuhesy dudnmorpadujy BepoBaTHO
Huje Moryhe cacTaBUTH, ajlil Y CILUCKY KOjJ CMO YCIIeIN
fla HaIIpaBMMO HajIa3} ce HajMambe 38 pajoBa, MaxoM 09-
jaB/beHUX y BofiehuM cTpaHuM 9aconucyuMa, HajMame 31
IIPMKa3 KIbIUTA VI WIAHAKA 13 CTPaHe JIMTeparype, BUIe
CTOTMHA IIPUKa3a U JUCKycHja 3ade/iexkeHNX Y 3alliCHU-
muma ca cacranaka CJI]]-a o onepucanuM SONMeCHUIUMA,
[aTVM Ha Ha4yVH Jia je JaHaC CBaKOM MOJIe JOdpOo efyKo-
BAaHOM XMPYPIY CaCBMM JIaKO Ia uX paszyMme. Iberose, Ha
cactaniyMa CJI]I-a 3adenexxeHe MHOrodpojHe HucKycuje
0 JPYTUM, HEXUPYPLIKUM O0JIeCTVIMA, TOBOPE O BeIOBOM
IIMPOKOM IO3HABAIY LIeJIOKYIIHE MeNIIMHE.

OxrojeH y ypeheHoj gp>caBu kaksa je duia Aycrpoyrap-
cka, Cyddotuh je jour 1ok je panyo y 3eMyHy cBake rOfjyiHe
nogHOCKO NucMeHe J3sewitiaje o pagy. Ilocne npenacka
y Beorpap (1889) penoBHo je nucao J3sewiniaje o pagy
Xupypuwixoi ogemwerva Otiwiitie [Ipicasre bonnuue, Koje je
cmao CaHNTETCKOM Ofie/berby MUHMCTapCcTBa YHYTpa-
IIBYX JeN1a, KOjU Cy fesioM cadyBanu y Apxusy Cpduje, a
of, 1892. cy ckopo pefiosHO mTaMnanu y Cpiickom apxuey
3a UenoKynuHo nexapciiiéo. YKYIHO je odjaBuo 39 unme-
HUYHUX V38ewiidja 3axBapyjyhu xojuma je moryhe ca
CKOPO IOTIIYHOM CUTYPHOILINY PeKOHCTPYMCATU pafi U pa-
3BOj Xupypruje Ha Xupypukom opebey OJIb y beorpany.
Benmka je mreTa mITO MOCIIE BETOBE CMPTH HeIOB HACTIE] -
HIK HUje 00jaB1O HU jeflaH jeNVHM TaKas J36euifiaj, mTo
jako oTeXkaBa M3y4aBame pasBoja MehypaThe xupypruje
y Cpduju.

ITocne cBera, mocrapsba ce muTame: IlITa cy nocneparne
reHepalje ypajuie ja ce OLy>K/IMO OBOM BE/IMKOM CHHY
cprckor Hapopa? VicipaBan onrosop du duo: ,,[locta, anu
He cBe 1TO 01 Tpedano”. HaBeurhemo HajBakHyje.

Ynuia y Kojoj ce Hanmasy fekaHaT MeaniumHcKor da-
Kynrera foduia je ume o Bojucnasy J. Cyddoruhy.
bupma JIpyra Xxupypiuka KIMHUKA IOJ PyKOBOZCTBOM
npodecopa Bojucnasa K. Crojanosuha je y am¢purea-
Tpy Knunuxke nocrasuina CyddoruheBy ducry, paxn aka-
nemnka Hukone (Koke) Jankosuha. [Tpodecop 3opan
Tepauh je 1996. nancao oduman npuor o Cyddoruhy y
npBoj Kbusu egunuje CpIcke akajeMuje HayKa 1 yMeT-
HOCTHU ,,JKMBOT ¥ J1e7I0 CpICKMX Hay4HUKa . AyTOp OBUX
penosa je 2003. rogune nosopom 80. rofgyHA Off CMPTHU
npogecopa Cyddoruha y Cpiickom apxusy 3a uenokyiHo
nexapcitiso odjasuo ,Cehame® Ha CyddoTuha. Xupypika
cexnuja CJI]J-a (IO weroBuM pyKoBoAcTBOM) Ha 80.
ropuimbuy cMptu npodecopa Cyddoruha nornyHo je
odHoBuIa rpodHuIy nopopuie Cyddoruh Ha 3eMyHCKOM
rpodsby, Koja je duyia y BpJIo JIOlIeM CTamby U Ha 10j je
MIOCTaBUIA CIIOMEH-IIJIovy, ¥ Xxony srpage CJIJI-a mocra-
BUJIA je SPOH3aHy KOINUjy MOMEHYTe dMCTe, Unje je KOIu-
pame 0e3 HaKHajie 0fodpHo ayTop, akageMuk Huxoma
(Koxa) JankoBuh, xoju ce mocrapao ja dyne caBplieHO
ypabena, a y canu 3a cacranke CJI]l-a mocraBjbeHa je
werosa ¢ororpaduja 1 yMeTHMYKA c1uKa Kyhe y Ko0joj
je CTaHOBAO IOK je KMBEO U Pajfiuio Y 3eMyHY. YMecTo
TeXHUYKY BpJIo phaBe c/uke y cBedaHoj canu JlexaHaTa
MepunyHcKor $akyaTeTa, IOCTaB/beHA je IheroBa HoBa
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npema ¢ororpaduju uspahenoj y beuy, a na nosaguuu
je moparta meropa duorpaduja. Y HEKONMMKO MPUINKa
OZp>KaHa Cy MpefiaBarba O Oy CPIICKe XUPYPTHje I, 110
HallleM Ca3Harby, Ha9MibeHa heroBa [0 cajia HajIloTIIyHuja
Sdudmuorpadunja.

BpojHu 3HaHV U AaHOHVMHI ayTOPY CY Y PasHMM ITy-
dmkanujama Harmcamu npuore o CyddoTuhy u merosom
pany. Xemodapm 13 Bpina je prHaHCKHpao n3pagy mocra-
MeHTa 1 ducre Bojucnasa Cyddoruha ncnpen Jexanata,
pap mpum. op Bragumupa Jokanosuha.

Cmarpajyhn na cBe HaBefjeHO UIIaK HIj€ JOBOBHO,
Cexnuja 3a ucropujy megunune CJIJI-a je 21. maja 2014.
TOJVHE YIIYTIIA HeTa/bHO 0dpasyioxeH MPeRIor AUpeK-
topuma [IpBe xupypuike kanHuke n KIMHUYKOr eHTpa
Cpduje n MunMCTpY 31paspa Penydnuke Cpduje pa ce
ITpBoj xupypuikoj kaauny fga CyddornheBo nme, Kako
je To Beh ypabeHo 3a ocHuBavYe MHCTUTYTa 32 aHATOM}Y,
XVUCTOJIOTH)Y, GU3MONOTH]Y U CYACKY MEAUIIIHY.

Hu on jenHe o HaBefeHMX afpeca Hje SMIO OArOBOpA.
Ia mu je croropumuia cmpty Bojucnasa J. CyddoTnha
IIPUINKA Jla Ce 0Baj MpeJIorT peanusyje?

Cyp6uHa nopoguue Bojucnasa J. Cy66otuha

Bojucnas J. Cyddoruh je dno oxemwen 3opom Mapkosuh
(1871-1927), ca xojoM je umao cuHa VBaHa (1893-1973),
KOju je cTygupao npasa y beorpany, beuy, ITapusy, a sa-
Bpuyo y Jlozanu (1931), rae je 1936. ronune ogdpanno
U BOKTOpaT. Pafiuo je y jyrocioBeHCKOj JUIIIOMAaTCKO]
CITy>kOU U YCIIENTHO 0daBYO YNTaB HIU3 JIeMMKAHTHUX JIU-
IJIOMATCKUX 3ajjaTaka, duo menerat y Jpywiitiey Hapoga
n npep, [Ipyru cBeTCKY paT je duo n3acmaHuk y JIoHmoHYy.
CmMarpa ce [ia je lberoBa HajsHa4ajHMja yIora duia ImoT-
MMCHUBalbe y UMe Kpa/beBuHe [exknapayuje y danaiiu
Saint James 12. jyna 1941. ronuHe, Koja ce cMaTpa IPBUM
KOPaKOM y OCHUBamy YjeoubeHNX Halllja. YKasoM Off
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Papoje Yonosuh

4. aBrycra 1941. cTaB/beH je Ha pacnoarambe MUHUCTPY
CIIO/BHMX IIOC/IOBA, @ pellemeM MIHNCTapCKOT caBeTa
Bnage y n3dermuiutsy ox 12. aBrycra 1941. nocrasbeH
je 3a KpaspeBcKor fenerara npu llpsenom kpcry CAJl n
la odaBspa jomr Heke my>kHOCTH. [Tocne para ocrtao je y
CAJl, y Ibyjopky no 1948. rofyHe IOHOBO 3aBPILNMO ITpaBa
u go cmptu 1973. ropune Ha Yunsepsurery Konrymduja
y Ibyjopky duo je npodecop mpasa u FOXXMBOTHM HOT-
npencepHuK Anokarcke komope CAJl n pyHKIMOHED
HU3a APYIUX MHCTUTYLMja. CaxpambeH je Yy IOpOANYIHOj
TPOSHUIIM HA 3eMYHCKOM IPOdbY.

ViBan Cyddotuh ce 15. fenemdpa 1933. rogune y
nocnancTBy y [lapusy oxxernno Ankom Tobesarr (1890-
1983), xoja ce Kao rMMHasujanka yfana 3a ap JIparomyda
bajanouha, ca xojuM je nmana hepke Karapuny (1910) n
Pyxy (1914). O mera ce 1921. rofyiHe pa3sBera, 3aBpIIIa
8. paspen rMMHasuje, a 3aTUM HACTaBIIIA CTYAuje IIpaBa y
beuy 1 beorpany, y xoMe je pumnnoMupana u JOKTOpupa-
7a ¥ d1yIa IPBY JOKTOP IIPAaBHYX HayKa Ha deorpafckom
ITpaBHOM (paxynrety. baBuna ce MehyHaponHuM npaBom u
IICaIa Jiefia U3 IIPaBHMX Hayka, daBMIa ce KibJDKeBHOIINY,
HOBMHAPCTBOM, ITyO/IMIMICTUKOM ¥ O1/Ia UCTaKHYTU dopail
3a mpaBa >xeHa Y Kpamesunu Jyrocnasuju u Esporn. Ca
cynpyrom VIBaHoM ocTana je y u3dermmiuTsy, capabusaina
y U30emIMYKIIM YacomMcyMa 1 dula IpefaBad Ha BUIIe
aMepMUKNX YHUBep3uTeTa. J oHa je caxpameHa y mopo-
muaHoj rpodunny CyddoTuheByux Ha 3eMyHCKOM IpOdIBY.

Ca AnxoMm lobhesar, koja je y BpeMe ckanama dpaka
umMaina 43 ropuue, ViBan CyddoTuh Huje nmao pene, unme
ce nopopuna Bojucnasa J. Cyddoruha ,,yracuma®
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Centenary of the death of Professor Vojislav J. Subboti¢, father of Serbian
surgery and the first full professor of surgery of the Faculty of Medicine in Belgrade

(1859-1923)

Radoje Colovi¢
Serbian Academy of Sciences and Arts, Belgrade, Serbia

SUMMARY

These days (December 4, 1923 according to the Julian calendar,
or December 17, 2023, according to the Gregorian calendar) we
mark the centenary of the death of the father of Serbian sur-
gery, Professor Vojislav Subboti¢, one of the two main founders
of the Faculty of Medicine in Belgrade in 1920, one of the first
(full) professors of the Faculty, the first professor of surgery, the
first vice dean and the second dean, the first surgeon elected
dean, founder and chair of the Surgery Department, founder
and first head of the University Surgical Clinic, who held office
of president of the Serbian Medical Society for a term of five
years, who organized the “First Meeting of Serbian Surgeons”
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(1907) and the “First Yugoslavian meeting of operative medi-
cine”(1911), the most versatile and most widely acclaimed Ser-
bian surgeon of all time, whose pionieer achievements in vas-
cular surgery remained unsurpassed for decades. The famous
American surgeons N. M. Rich et al. wrote the following about
his achievements in their article titled The Matas/Soubotitch
connection published in the famous journal Surgery in 1983:
“It is ironic that nearly 40 years passed before similar success-
ful efforts were achieved during the latter part of the Korean
Conflict (1952 to 1953)".

Keywords: Vojislav J. Subboti¢; founder of all branches of sur-
gery; Serbia
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmeEema pyKkonuca YpegHUIITBY YaCOMNM-
ca ,CpIcku apxuB 3a IeTOKYIHO NeKapcTBo“ (CA)
cBU ayTOpH Tpeba Ka MpounTajy YIyTCTBO 3a ayTope
(Instructions for Authors), rae he mponahu cBe norpe6ne
uHdopMalyje 0 MUCaBy Y NPUIPEMU pajfa y CKIagy
ca cTaHflapanMa yaconuca. Beoma je BaykHo fa ayTo-
pu npunpeMe paj npemMa gaTUM IPONO3NNjaMa, jep
YKO/IMKO PYKOIIUC He Oyfe ycKIal)eH ¢ oBUM 3aXxTeBUMa,
Ypenuumrso he oIoKuTy Wiu ox6MTH HeroBo My6nu-
KoBame. PaoBu o6jaBbenn y CA ce He XOHOpapury.
3a wraHke koju he ce o6jaBurn y CA, caMoM HOHYOM
papga CprckoM apXmnBYy CBU ayTOPM pajia peHoce CBoja
ayTopcKa IpaBa Ha u3fgaBaya yacomnmuca — Cprcko me-
KapcKo PYHITBO.

OIIIITA YIIVTCTBA. CA 06jaB/byje pasoBe Koju ;0
cajia HUCY HUTTIe 00jaB/beHN, Y LIeMOCTH VTN JeIOM, HUTH
npuxBaheny 3a o6jaBpuBame. CA 06jaBbyje pagoBe Ha
€HITIECKOM ¥ CPIICKOM je3uKy. 360r 607be JOCTYITHOCTH
u Behe IMTHPaHOCTM Iperiopydyje ce ayTopuMa Ja pa-
IIoBe CBUX OO/MNMKa Ipefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBpyjy cnepehe kaTeropuje pajosa: yBOGHUIY,
OPWIVHATHM PafIOBY, TIPETXOIHA U KpaTKa CaolIITemka,
IpuKasy 60NeCHUKaA U CTy4ajeBa, BU/e0-YIaHIMN, CTIMKe
U3 KIMHIYKe MeIUIIHE, TIPeTIeTHN PajJoBH, aKTyeTHe
TeMe, PaJioBY 3a IPAKCY, PafioBM 13 MICTOPHje MeAVIIHE
U jesnKa MefUIVHe, MEeIVNIIMHCKe eTUKe, PeryTaTOPHUX
CTaHfapfa y MeIVMIMHY, M3BEIITaji ca KOHTpeca U Ha-
YYHMX CKYTIOBA, TNYHY CTaBOBY, HAPYYEHU KOMEHTa-
PY, IMCMa YPEHNKY, IPUKa3yU KIbUTa, CTPYIHE BECTH,
In memoriam v gpyru npunosu. OpuUrnHaIHA PafoBMU,
IpeTXOfIHA 1 KPaTKa CaoMIITeha, IpUKa3y 60/IecHIKa I
CITydajeBa, BUICO-4IAHIIN, CTIMKe U3 KIIVHIIKe MeUIVIHE,
IperefHN PaloBM M aKTyeTHe TeMe, TyOnmKyjy ce mc-
K/bY4MBO Ha EHITIECKOM je3UKY, @ OCTase BPCTe pajoBa ce
MOTY yOIIMKOBATH M Ha CPIICKOM je3VKY CaMo 10 Oy IH
Ypepunmrsa. PaoBu ce yBek J0CTaB/bajy ca caKeTKOM
Ha eHIJIECKOM ¥ CPIICKOM je3UKy (y CKJIOIY CaMoT PyKo-
mica). TekcT pafia KynaTu y mporpamy 3a o6pajry TeKcTa
Word, boutom Times New Roman v BeTUIMHOM C/I0Ba
12 Tavaka (12 pt). CBe yeTupu MapryHe HOfeCUTH Ha 25
mm, BeMIYMHY CTpaHNIle Ha GopMat A4, a TEKCT KYL[aTh ¢
TBOCTPYKMM IIPOPENIOM, JIEBVM ITOPaBHAEM U YB/Ia4eHheM
cBaKor macyca 3a 10 mm, 6e3 ferpera peun (xudeHanyje).
He xopuctuty TabynaTope u y3acTOIlHe IIpasHe Kapak-
Tepe (cIiejcoBe) pajy IOpaBHamba TEKCTa, Beh anaTke 3a
KOHTpOJTy HOpaBHama Ha nemupy u Toolbars. 3a mpemasax
Ha HOBY CTpaHY JOKyMeHTa He KOPMCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuyjy Page Break. Ilocne cBakor 3Haxa
MHTEPIYHKIMje CTABUTY CaMo jeflaH IpasaH Kapakrep.
AKO ce y TEeKCTY KOPUCTe CIlelMjanHy 3Hauu (CuMO0mn),
kopuctuty pout Symbol. Ilogany o xopuurheHoj mure-
paTypy y TeKCTy O3Ha4yaBajy ce aparckuM 6pojeBrma y
yIJIacTMM 3arpafiama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce 1ojaBIbyjy y TeKcTy. CTpaHMIle HyMepIUCaTU pefoM Y
JIOEEM JIECHOM YTy, TI0YeB Off HaC/IOBHE CTpaHe.

I1py nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce mpupp-
>KaBaTH je3andKor craugapna American English u xopuct-

TV KpaTKe I jacHe pedeHnIle. 3a HasvBe 1eKoBa KOPUCTUTU
MCK/bYYUBO IreHepryKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpuMyKyM HasMBMMA, a UM U MECTO IIPON3-
Bobhaua Tpeba HaBecTN y 061MM 3arpagama. YKOIMKO ce
Y TEKCTY KOPMCTe O3HaKe Koje CY CIIOj coBa u 6pojesa,
IpeLM3HO HamucaTu 6poj Koji ce jaB/ba y CYNepCKpUIITY
wm cynckpunry (amp. Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITO yoOuyajeHo nuie KypsusoM (italic), Tako ce u
HaBopy, HIIp. rern (BRCAI).

YKonMKO je paj eo MarucTapcke Tese, OFHOCHO JOKTOPC-
Ke jucepranuje, Win je ypaheH y OKBUpy Hay4HOT Ipoje-
KTa, To Tpeba moce6Ho HasHaunTy y Hamomenn Ha kpajy
Tekcra. Takobe, yKONMKO je paj IpeTXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTY 3BaHI9aH Ha3/B CKY-
Ia, MeCTO U BpeMe Ofip>KaBamba, /ja 1M je pajj 1 Kako my6-
JIMKOBaH (HIP. MICTY VU APYTadMjy HACTIOB U/IM CaXKETaK).

KIMHNYKA NCTPAKMBAIbA. Knuanyka uctpa-
KUBama ce JeUHNITY Kao UCTpaXk1Bama yTHUIaja jef-
HOT MJ/IM BUILE CPeJICTaBa M/IM Mepa Ha UCXOJ, 37paBba.
Perncrapcku 6poj MCTpakuBarmba ce HaBOAM Y TIOCTIeAEM
pemy caxkeTka.

ETNYKA CATTTACHOCT. Pyxonucy o NCTpaXBamu-
Ma Ha JbyiuMa Tpeba fla cafipske M3jaBy y BUAY IMMCAHOT
IPUCTaHKa UCTIUTUBAHUX 0c06a y CKTafy ¢ XelCHHIIKOM
TeKmapanujoM 1 ofo6pembe Ha/IeXKHOT eTIIKOT 0f6opa
7la ce MCTPpaXMBambe MOXKe M3BECTH 1 1A je OHO Y CKIIafy C
IpaBHMM CTaHAapAuMa. ExcriepiMeHnTamHa uCTpaXknBarma
Ha XyMaHOM MaTepujamy U CIIUTYBaba BpIIIeHa Ha XIBO-
THbaMa Tpeba fia cafipyke U3jaBy eTUYKOT 0f60pa yCTaHO-
Be 11 Tpeba fla Cy Y carlaCHOCTH C TPaBHUM CTaHAApAyMa.

M3JABA O CYKOBY MHTEPECA. VY3 pykomuc ce npu-
JIaXKe IIOTIMCaHa U3jaBa y OKBUPY obpacua Submission
Letter xojoM ce ayTOpu M3jallllbaBajy 0 CBaKOM Moryhem
CyKoOy MHTepeca UM HBeroBOM OfICYCTBY. 3a HOfaTHe
MHpOpMaInMje 0 Pa3TMINTUM BpCcTaMa Cykoba MHTepe-
ca TIOCETUTHU MHTepHeT-CTpaHnIly CBETCKOT yApYKerma
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) o Ha-
3uBOM ,,IlonuTuka usjase o cykoby unTepeca

AYTOPCTBO. Cse ocobe Koje cy HaBefieHe Kao ayTOpU
pana Tpeba fia ce kBamudukyjy 3a ayropctBo. CBaku ay-
TOp Tpeba [ia je yIecTBOBAO JOBOJLHO Y Pafly Ha PYKOIUCY
KaKo O MOTao Jia IIpey3Me OATOBOPHOCT 32 IIe/OKYTIaH
TEKCT U pe3y/TaTe USHeCeHe y pajly. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JONIPMHOCY KOHIIEIIIM)U paja, Ko-
Oujamy pesynaTaTa MIN aHANIM3U U TyMadewy pesynTaTa;
IJIAaHMParby PYKOIIMCA V/IY Fer0BOj KPUTUYKOj pEBUSUjU
Ol 3HATHOT MHTENEKTya/THOT 3Ha4aja; 3aBPLUIHOM JOTEPH-
Barby Bepsyje PYKOIMCa KOjy ce IPUIIPeMa 3a ITaMIlarbe.

AyTopu Tpeba fa IpumoKe OIMC JOIPUHOCA MOjeMHATHO
3a CBAaKOT KoayTopa y OKBUpY obpacuia Submission Letter.
DuHaHCHpame, CAaKyI/balbe NofjaTaKa MIN FeHePaTHO
HafI7eflarbe MICTPaKMBayKe IPyIie CaMi 1o cebu He MOTy
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oIpaBfiaTi ayTopcTBO. CBY APYIM KOjU Cy [JOTIPMHENN
u3paju paja, a Koju HIUCY ayTOPM PYKOIUca, Tpebamo
6u na 6yny HaBeleHM y 3aXBaTHUIIM C OIIMCOM HVIXOBOT
IOTIPMHOCA Pafly, HAPABHO, Y3 IMCAHN IPUCTaHAK.

IUTATUJAPU3AM. Op, 1. janyapa 2019. rofune cBu py-
KOIIMCH TIOf{BPTaBajy ce MpOBepM Ha IUIarujapusam/ay-
tortarujapusaM npexo SClndeks Assistant — Cross Check
(iThenticate). PanoBu kop KojuX ce JOKaKe IUTarujapusam/
ayrorutarujapusam 6uhe ofoujenn, a ayTopu CaHKIIMO-
HIICaHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpannuu pykomnmca
Tpeba HaBecTu crnefehe: HacnoB pasa 6e3 ckpahenna;
TIIPEIIOT KPaTKOT HAac/IoBa pajia, ITyHa IMeHa 1 ITpe3yiMeHa
ayTopa (6e3 TuTyNIa) MHAEKCHpaHa OpojeBYMa; 3BaHNYaH
HAa3MB YCTaHOBA y KOjIMa ayTOPH pajie, MeCTO U pyKaBy
(pemocmenoM Koju ofiroBapa MHAEKCMpaHUM 6pojeBuMa
ayTopa); Ha JHY CTpaHNIle HABECTU MMe U TIpe3NMe, afi-
pecy 3a KOHTaKT, 6poj Tenedona, pakca u umejn agpecy
ayTopa 3ay>KeHOT 3a KOPECIIOH/IeHIIIjy.

CAJKETAK. Y3 opurnHaaHm pafi, IpeTX0JHO 1 KPaTKO
CaoTIIITelbe, Mperef IMTepaType, MpUKa3s crydaja (6omec-
HIUKa), Paji U3 UCTOpUje MeULIVHE, aKTYeTHy TeMy, paj
3a pyOpUKY jesuK MeJVILIMHE U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHMIM JOKyMEHTa Tpeba IPUIOKUTHI Caxe-
Tak pasia obuma 100-250 peun. 3a opuruHaaHe pafose,
IPeTXOIHO M KPAaTKO CAaoMIITemhe CakeTak Tpebda la mMa
cnenehy crpykrypy: Yeon/Imm paga, Metoze pana, Pe-
3ynTaTH, 3aK/by4aK; CBaKM Off HABEJCHNX CerMeHaTa -
caTy Kao 1oce6aH 1macyc Koju Mounbe GONIOBaHOM PeylL.
Hagectn HajakHUje pesynrare (HyMepUIKe BPETHOCTN)
CTaTUCTIMYKE aHa/M3€e U HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiuTeH, Beh Mopa OuTU IMpPEKTHO IOBe3aH ca
pesynTaTMa paja. 3a mpukase 60IeCHNKa CaXKeTak Tpe-
6a ma nma cnenehe genose: YBox (y OC/en»0j pedeHNIN
HaBecTy Imb), [Ipukas 6omecHnka, 3aK/bydak; cerMeHTe
Takobe mucaTu Kao mnocebaH macyc Kojyu No4nme 601mo-
BAaHOM peun. 3a oCTajle TUIIOBE PafoBa ca)keTak HeMa
oce6Hy CTPYKTYPY.

K/bYYHE PEYN. Vicnon CakeTKa HaBeCTH Of TPU JIO
ImecT K/bYYHUX peun vy uspasa. He Tpeba na ce moHa-
B/bajy pedM U3 HAC/IOBA, a KIbY4He pedr Tpeba fa 6yny
perneBaHTHe VIV ONMNUCHe. Y M360pPy K/bYIHUX pedun KO-
puctutn Medical Subject Headings — MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBOJ] HA CPIICKM JE3UK. Ha tpehoj o peny
CTpaHMLIM JOKYMEHTa IIPUIOKUTH HAaC/IOB pajia Ha CpII-
CKOM je3MKy, IYHa MMeHa I IIpe3uMeHa ayTopa (6e3 Tury-
J1a) MHAeKCpaHa OpojeBMMa, 3BaHNYaH Ha3WB YCTAaHOBA
y KojuMa ayTopy paje, MecTo 1 fp>xaBy. Ha cnepehoj -
YeTBPTOj IO Pefly — CTPAHUIM JOKYMEHTA IIPYIJIOKUTY
caxerak (100-250 peun) ¢ KJby4HUM peunma (3-6), 1 T0
3a paZioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha eHIJIECKOM
jesuxy. IIpeBoy ojMoBa 13 cTpaHe uTeparype Tpeba na
6yze y [yxy cprckor jesuka. CBe CTpaHe peyuu UM CUH-

TarMe 3a Koje IoCToju ofrosapajyhe ume y HaleM jesuky
3aMEHUTHU TUM Ha3MBOM. YKONIMKO je paj] y LeJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy HasyBe IIPHUIO-
ra (tabena, rpaduKoHa, CIIMKa, CXeMa) YKOIMKO X VIMA,
LeJIOKYTIHM TeKCT Y IbJIMa 1 JIETEH/TY Ha eHITIECKU je3UK.

CTPYKTYPA PAJIA. CBu IOGHAC/IOBY Ce TIMIITY BENMKUM
MacHMM coByMa (607y). OpUTMHAIHY paji U IPETXOTHO
U KpaTKo caollTee 06aBe3Ho Tpeba ga uMajy cnenehe
nopHacnose: YBox (Lnsb pafia HaBeCTH Kao MOCTIEbY Ia-
cyc YBopa), Metone pana, Pesynraru, [Iuckycuja, 3akmy-
vak, /Iuteparypa. IIpernen mureparype u akTyenHy TeMmy
41He: YBOJI, OfiroBapajyhm nmogHacnosy, 3akbydax, JIn-
Teparypa. [IpporMeHOBaHN ayTOp IPErIefHOT pajia MOpa
Ia HaBefe Oap IeT ayTouuTara (Kao ayTop UiIn KoayTop)
panoBa My0IMKOBaHMX Y YacOMICKMa ¢ pelieH3njoM. Ko-
ayTopM, YKOIMKO UX MIMa, MOPajy /ia HaBeny 6ap jeman
ayTOIIMTAT pajjoBa TaKohe My6IMKOBaHMX Y YaCOIMCUMA C
penensujom. IIprkas cmydaja wav 60oecHKa YnHe: YBOJ,
(Llwp papa HaBeCTU Kao MOCTIeN by Iacyc YBoza), IIpukas
6omnecHrka, [lnckycuja, Jluteparypa. He Tpe6a kopuctutu
uMeHa 60JIeCHYIKa, MHMIMjajle, HUTK OpojeBe uctopuja 60-
JIeCTH, HapO4MTO Y WIycTpanyjaMa. [Iprkasu 6omecHnka
He CMejy MMaTy BUIIE Off TIeT ayTopa.

ITpunore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTU Ha
Kpaj PYKOIINCa, @ Y CAMOM Tey TeKCTa jaCHO Ha3HAYNTH
MeCTO Koje ce OfTHOCK Ha fiaTu Ipuior. Kpajia mosuiuja
npunora 6uhe oxpebena y Toxy npunpeme pajga 3a ny6-
NUKOBame.

CKPAREHMIE. KoprctuTu camMo Kajia je HEOIXOIHO,
U TO 32 BeOMa JIyrayKe Ha3VBe XeMUjCKUX jeUEberba, Off-
HOCHO HasuBe Koju Cy Kao ckpahenurie Beh mpemosHat/pu-
Bu (crangappHe ckpahenure, xao Hnp. [JHK, cuna, XVB,
ATTI). 3a cBaky cKkpaheHMIly IyH TepMUH Tpeba HaBeCTH
PV IIPBOM HaBODemY Y TEKCTY, CeM aKo HMje CTaHapfHa
jemmamIa Mepe. He kopuctutn ckpahenniie y Hacnosy.
V36eraBatyt kopuirhemwe ckpaheHnna y caxxeTky, amy ako
CY HEOIIXOfIHe, CBaKy cKpaheHmIly 06jacHITY Ipy TPBOM
HaBoDemy y TeKCTy.

JEOVIMATHU BPOJEBIL. V TeKcTy pafa Ha €HITIECKOM
jesuky, y Tabenama, Ha TpadMKOHMMA ¥ IPYTUM TIPUTIO-
3MMa JelMaHe OpojeBe MUcaTy ca TaykoM (Hmp. 12.5
* 3.8), a y TeKCTYy Ha CPIICKOM je3UKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3a0Kpy>XuTu Ha
jenHy genyMary.

JEOVUHWIE MEPA. [ly>xuHy, BUCUHY, TeXKMHY U 3a1pe-
MVHY U3paKaBaTV y MeTPUYKIM jeAVHMIIaMa (MeTap — 11,
kuorpam (rpam) — kg (g), miarap — ) Wy BUXOBUM JeJo-
BuMa. Temmeparypy uspaxasaru y cterrennMa Iensujyca
(°C), xomuuHy cyncraHie y Monuma (mol), a mpurucax
KpBM y MUIMMeTpPUMa XUBKHOT cTyba (mm Hg). Cse
pesynTare XeMaTONONIKNX, KITMHIIKNX ¥ OMOXeMMjCKIX
Meperba HaBOLUTHU Y MeTPUUIKOM CHCTeMy npema Meby-
HapofHOM cucTeMy jepuunna (SI).
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OBMM PAJTOBA. IJenokynHu pyKonmuc pajia KOju YnHe
— HAaC/TIOBHA CTPaHa, CayKeTakK, TeKCT Pajia, CIMCaK JINTepa-
Type, CBY IIPU/IO3M, OFHOCHO MOTIINCH 3a FUX U JIETeH/Ia
(Taberne, cnuke, rpaMKOHM, CXeMe, LIPTEX), HACTOBHA
CTpaHa I Ca)keTaK Ha CPIICKOM je3MKy — MOPa M3HOCHUTH
33 OPUTMHAIHY Pajl, paji U3 MICTOPHje MeUIIVHE U Ipe-
rnen mureparype fo 5000 peun, a 3a IPETXOZHO U KPATKO
CAOIIIITEeE, TIPUKa3 60/IECHNKA, aKTYeITHY TeMY, Paji 3a
IPaKCy, efyKaTVBHY YWIAHAK ¥ pafl 32 PyOpUKY ,,]e3MK Me-
myyHe 1o 3000 pedn; pafloBU 3a OCTajie pyOpuKe MOry
yMary Hajsuue 1500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6utn y popma-
Ty avi, mp4(flv). Y npBom kanpy ¢umma Mopa ce HaBeCTH:
y HaiHacnmoBy CpIICKM apXMB 3a LIeJIOKYITHO 1eKapCTBO,
HACTIOB pajia, Ipe3yMeHa U MHUIIVjaIy IMEHa U CPeiber
CI0Ba CBMX ayTopa paja (He ¢puaMa), roguHa uspage. Y
IPYTOM Kafpy MOpa OMTH YCHUMI/bEH TeKCT pajia y BULY
arcrpakTa jio 350 peun. Y nocnenmeM Kaapy Gpuama Mory
ce HaBeCTM MMeHa TeXHIIKOT 0cob7ba (pexija, CHIMaTerb,
CBET/I0, TOH, PpoTorpaduja u ci1.). Y3 Buaeo-pagose foc-
TaBUTH: TOCEOHO TEKCT y BUAY arncTpakTa (o 350 peun),
jemny ¢ororpadujy Kao miaycrpanujy npukasa, usjaBy
HOTIIMCAHY Of CBET TEXHIYKOT 0cob/ba fla ce Ofipudy ay-
TOPCKVX TIpaBa y KOPUCT ayTopa pajia.

ITPVIJIO3M PAZTY cy ta6erne, cuke (¢potorpaduje, up-
TEXU, CXeMe, IpadUKOHM) Y BUEO-IPIUTIO3NL.

CeBaka Tabena Tpeba fa O6yme cama 1o ceb6u 1ako pas-
ympuBa. Hacnos Tpeba oTkynary usHap Tabene, a
objamrmema ucroy we. Tabenre ce 03HaUaBajy apancKuM
6pojeBnMa mpema pefocneqy HaBobhema y Texcry. Ta-
6erne pTaTH UCK/BYUNBO y Iporpamy Word, Kpo3 MeHI
Table-Insert-Table, y3 nedunucarme TagHOT OpOja KOIOHA
U perioBa Koju he 4nHNTH MpeXy Taberne. [lecHUM KIMKOM
Ha Muy — nomohy onnuja Merge Cells u Split Cells -
crajaTi, ogHoCcHO fennty hemuje. Kynatu ponrom Times
New Roman, BenmuumnHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
npopenoM i 6e3 yBnaderwa Tekcra. Kopumrhene ckpahe-
Hulle y Tabemu Tpeba 06jacHITH y JIeTeHAM UCIIOf, Tabe-
71e. YKOJIMKO je PYKOIIUC Ha CPIICKOM je3UKY, IPUIOXKUTU
HasuBe Tabesa U leTeHAy Ha o6a jesuka. Takobe, y jenny
Tabery, y okBUpy ucTe henmje, yHeTH 11 TEKCT Ha CPIICKOM
U TEKCT Ha €HITIECKOM je3UKy (HMKaKO He IIPaBUTH JiBe
Tabese ca iBa je3ukal).

Ciuke cy cBy 00/myLy rpaUuKmx IPUIOTa U Kao ,,CIMKe
y CA ce 06jaBmyjy dpororpaduje, npresxu, cxeMe u rpadu-
koHM. CIiKe 03HaYaBajy ce apalckuM 6pojeBuMa ImpeMa
penocneny HaBobemwa y TekcTy. IIpuMajy ce nck/byunBo
pururanHe ¢pororpaduje (pHO-6eme mm y 60ju) peso-
nyuuje Hajmame 300 dpi n popmara sanuca tiff unm jpg
(mare, MyTHe M CTIMKe JIOLIeT KBanuTeTa Hehe ce mpuxBa-
TaTH 3a mMTaMmame!). YKOIMKo ayTopy He OCeRyjy nim
Hycy y MoryhHocTH fia focTaBe gurutanse ¢pororpaduje,
OHJIa OPUTVHAJTHE C/TUKe Tpeba CKeHUPATH Y Pe3omyIyju
300 dpi v y OpUTMHATHO]j BeTMYMHN. YKOIIVKO je paji Heo-
IIXOJTHO WTyCTPOBATH Ca BUIIE CIMKa, y pany he ux 6mutu
006jaB/beHO HEKOMMKO, a ocTasie he 6utu y e-Bep3uju wiaH-

Ka kao PowerPoint mpe3eHTanyja (cBaka cMka MOpa OUTH
HyMepJCaHa J IMaTH JIETeH ).

Bupneo-npunosu (mnycrpauuje paja) Mory Tpajatu 1-3
MMHyTa 1 6utn y popmaty avi, mp4(flv). ¥3 sugeo moc-
TaBUTH ITOCEOHO CIUKY Koja 61 6uta mirycTpariyja Buyeo-
IpyKasa y e-M3amy 1 06jaB/beHa y IITaMIIaHOM U3JIabY.
YKONuKO je pyKOINC Ha CPIICKOM je3MKY, IIPMTIOKUTH Ha-
3UBe C/IUKa J JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecIy MOTY IIITaMITaTy y 60ju, anu fofaTHe
TPOILIKOBE IITaMIle CHOCE ay TOPH.

Ipadukonu tTpeba na 6yny ypahennu u jocrasbeHH y Ipo-
rpamy Excel, ma 6u ce Bupierne mpatehe BpeHOCTHU pacio-
pebene o henujama. Vicre rpaduxone npekonupaTu u y
Word-oB oKyMeHT, e ce rpaduKOHN O3HaYaBajy apal-
cknM 6pojeBrMa IpemMa pefociefly HaBohema y TeKCTY.
Csu nopaiy Ha rpaduKoHy Ky1ajy ce y donty Times New
Roman. Kopumthene ckpahenniie Ha rpagpukony tpeba
006jacHNUTH Yy JIeTeHU UCTIOfN rpaduKoHa. Y MTaMIIaHoOj
Bep3Mju YWIaHKa BepoBaTHIje je fa rpadukoH Hehe 6utn
IHITaMIIaH y 60ji, Te je 6ojbe u3beraBary Kopuinhemwe 60ja
y TpadpMKOHMMA, NIV VX KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKOJIKO je PyKOIMC Ha CPIICKOM je3MKY, TPUIOXKUTI
Ha3uBe rpaduKoHa VI JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce foCTaBIbajy y jpg wu tiff opma-
Ty. Cxeme ce mory upraru 1 y nporpamy CorelDraw ummn
Adobe Illustrator (mporpamu 3a paj ca BeKTOpUMa, KpyBa-
Ma). CBU IOfjaLiit Ha CXeMMU Ky1iajy ce y outy Times New
Roman, Benanna cnosa 10 pt. Kopumhene ckpahennre
Ha cxeMy Tpeba 06jaCHUTH y JTeTeH/M NCIIOf, CXeMe. YKO-
JIVKO je PYKOIIIC Ha CPIICKOM je31KY, IIPUIOXKIUTI Ha3uBe
CxeMa I JIereHAly Ha 00a je3uka.

3AXBAJTHUIIA. HaBecTu cBe capajiHVKe KOjy Cy IOIpPH-
HeJNM CTBapamy pajia a He MCIYbaBajy Mepiiia 3a ayTop-
CTBO, Kao0 LITO Cy 0cobe Koje 06e36ehyjy TexHUUKY 1m0-
Moh, ToMoh y nmcamy pajia MM PyKoBOJie Ofie/berbeM Koje
06e36ebhyje ommury moppuky. GuHaHCKjCKa U MaTepyjalHa
nomoh, y 067Ky CIIOH30pCTBa, CTUIIEH M)A, TOK/IOHA,
olpeMe, IeKOBa U IpyTo, Tpebda Takobe fa Oyae HaBemeHa.

JIMTEPATYPA. Cnucax pedepeHIy je ORTOBOPHOCT ay-
TOpAa, a HUTUPAHY WIAaHIM Tpeba fja Oymy TaKko mpUCTy-
MavHM YMTaoyMa qaconuca. Crora y3 caky pedepeHiry
obase3Ho Tpeba HaBecTyt DOI 6poj wiaHKa (jenMHCTBEHY
HIICKY KapakTepa Koja My je gomerbeHa) 1 PMID 6poj yko-
JIMKO je WIaHaK MHAeKcupaH y 6asy PubMed/MEDLINE.

Pedepenie HymepucaT pefHUM aparnckum 6pojeBrmMa
IpeMa pefocielly HaBohema y TekcTy. bpoj pedepeHnru
He 611 Tpebano fa Oyne Behu ox 30, ocuM y mmperieny mu-
TepaType, y KojeM je JO3BObeHO Ja ux Oyne 1o 50, 1y me-
TaaHau3N, I7ie UX je [03BobeHo 1o 100. bpoj nutnpanux
OPWTHHAHNX pafioBa Mopa 61T HajMame 80% off yKyTI-
HOT 6poja pedepeHIy, OTHOCHO 6pOj LIMTUPAHUX KIBUT4,
IIOT/IaB/ba y KEb/TaMa U IpeTIefHUX YIaHaKa Mamby Off
20%. Yxomuxo ce omahe MoHOrpadcke mydmukanmje u



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

YIAHIM MOTY YBPCTUTH Y pedepeHLe, ay TOPH CY Ly KHI
fia ux uutupajy. Behnua untnpanux HayqHnx diaHaxa
He Ou Tpebano ma 6yme crapuja of et roguHa. Huje
I03BOJBEHO IUTHPambe allCTpaKaTa. YKOIMKO je OUTHO
KOMEHTapUCaTH pe3y/rare Koji Cy Iy6InKoBaHN caMo
y BUJY QlICTPAKTa, HEOIIXOLHO je TO HABECTU y CAMOM
TeKCTy paja. Pedepeniie wiaHaka koju cy npuxsaheHn
3a LITAMIIY, a/I)1 jOLI HUCY 06jaB/beHn, Tpeba 03HAINTH
ca in press v IPUIOKUTHU SOKa3 O IPUXBATAIbY pajia 3a
o0jaB/buBatbe.

Pedepenne ce untupajy npema Bankysepckom cTuiy
(yHudopMMCcaHNM 3aXTeBUMa 3a PYKOIIMCE KOjU Ce Mpe-
Tajy 61IOMeAVIIHCKUM JacOIMCUMa), KOjI je YCIIOCTaBUO
MebhyHnapogHu KOMUTET ypeTHIKA MEFUIMHCKIX Yaco-
mca (http://www.icmje.org), auju popmar xopucte U.S.
National Library of Medicine u 6a3e Hay4HuUX ny0O1uKa-
myja. [TpuMepe HaBobemwa mybnmkanyja (WiaHaka, Kimbura
U IPYTUX MOHOTpaduja, eIeKTPOHCKOT, He06jaB/beHOT I
Ipyror 06jaB/beHOr MaTepyjaia) MOTy ce mpoHahy Ha MH-
TepHeT-cTpaHuu http://www.nlm.nih.gov/bsd/uniform_
requirements.html. Ilpunukom HaBohema nureparype
BeoMa je BaYKHO IIPUIP)KaBaTH ce IIOMEHYTOT CTaHAapAa,
jep je To jemaH off HajOUTHMjUX PaKTOpa 3a MHJIEKCUpabe
IPUIVKOM KTacuyKaIije HayYHIX 4acOMca.

ITPOITPATHO IIMCMO (SUBMISSION LETTER). Y3
pyKormuc 06aBe3HO IPUIOKUTH 06pasaly KOji Cy HOTIIN-
CaJIy CBU ayTOPH, @ KOju CafipKut: 1) u3jaBy Jja paf mpert-
XOJIHO HUje Iy6IMKOBaH I JIa HUje ICTOBPEMEHO TIOJHET
3a 00jaB/bMBabe Y HEKOM JPYTOM YacOIINCY, 2) U3jaBy ia
CY PYKOIIVC TIPOYNTAIN U Of0OPIIN CBY 2y TOPY KOjI MC-
IyH:aBajy Mepu/Ia ayTOPCTBA, U 3) KOHTAKT ITOlaTKe CBUX
aytopa y pany (agpece, uMejn agpece, TenedoHe UTH.).
brmanko o6pasart Tpeba IIpeyseTy ca MHTEpHEeT-CTPaHNuIle
vacomnuca (http://www.srpskiarhiv.rs).

Taxobe je moTpe6HO HOCTAaBUTK KOINje CBUX JO3BO/IA
3a: peNpoAyKoBambe IPeTXOAHO 06jaB/beHOr MaTepujaia,
ynorpeby wiyctpanyja 1 objaB/pyBame MHGOpMaLuja o
HO3HATUM JbYAMMA WV MMEHOBabe JbY/U KOjII CY OIPH-
HeJIM M3pafiu paja.

YTAHAPUHA, ITPETIIVIATA N HAKHAJIA 3A OB-
PATY YTAHKA. [la 6u pag 610 06jaB/beH y 4acommucy
Cpiicku apxue 3a UenoKyiHo 1ekapciliéo, CBU ayTOPU KOju
Cy nexapu v croMarosnosu n3 Cpbuje Mopajy 6utu una-
HoBY CpIICKOT JIeKapCKOT APYIITBA (Y CKIaTy ca WIAHOM
6. Craryra JIpymTsa) u M3SMUpUTH HaKHaZTY 3a 06pagy
unaHaka (Article Processing Charge) y usnocy og 3000 nu-
Hapa. AyTOpU 1 KOayTOPY 13 MHOCTPAHCTBA Cy y 06aBe3n
fla I/IaTe HaKHa®y 3a oOpany wiaHaka (Article Processing
Charge) y usHocy ofi 35 eBpa. YImaTa y jeffHOj KaleHzap-
CKOj TOIMHN 00yXBaTa U CBe HapeJlHe, eBEeHTya/THe WIaHKe,
IoCyIaTe Ha pasMarpame y Toj roguan. CBu ayTopu Koju
IIaTe OBY HAKHAJ[Y MOTY, YKOJIMKO TO KeJle, /ia TIPUMajy

MITaMIIaHO U3Jame yaconuca. Tpeba HamoMeHYTH fla
OBa yIUIaTa HUje rapanuyja ga he pag 6uru npuxsahen
u 06jaBibeH y Cpiickom apxusy 3a UenoKyiHo eKapciniso.
Oobase3sa mnahama HakHaje 3a 00pajly WiaHKa He OTHOCH
ce Ha CTyIeHTe OCHOBHUX CTYfIMja U Ha NPeTIIaATHUKE
Ha JacoIuc.

YcraHoBe (ITpaBHa /M) He MOTY IIPEKO CBOje ITpeTIUIaTe
fla MCITyHe 0Baj ycoB ayTopa (pusnmyxor miua). Y3 py-
KOIIVC pajia Tpeba JOCTaBUTH KOMKje YIUIATHIIIA 3a YIa-
HAapMHY M IIPeTIUIaTy / HaKHay 3a 06pajy YWIaHKa, Kao
I0Ka3 0 yIUIaTaMa, yKOIIKO M3JaBay HeMa eBUAEeHLUjy
0 ToMe.

Yacomic IpuxBaTa JOHALje Of CIIOH30pa KOji CHOCE J1e0
TPOLIKOBA JM/IV TPOIIKOBE Y Lie/INHI OHUX ayTOpa KOju
HICY y MOTYRHOCTH 1a M3MMpe HaKHaJy 32 00pajy WiaHKa
(y TakBUM CITy4ajeByMa IIOTPeOHO je 4acOmMCy CTaBUTH
Ha YBIJ, OIIPaBJaHOCT TAKBOT CIIOH30PCTBA).

CJIAIBLE PYKOIIMCA. Pykomuc pajia ¥ CBY IIPUTIO31 Y3
Paji OCTaB/bajy Ce MCK/bYIMBO €IeKTPOHCKM IMPEKO CHUCTe-
Ma 3a IpUjaB/bUBatbe Ha MHTEPHET-CTPAaHNUIIM YacoIMca:
http://www.srpskiarhiv.rs

HAIIOMEHA. Paj koju He ucrymaBa yC0Be OBOT YIIYT-
CTBa He MOXe 6uTy ynyheH Ha periensujy u 6uhe Bpahen
ayTopMMa Jia Ta IONyHe 1 ucrpase. IIpuapxaBameM yyT-
CTBa 3a IPUIIPeMY pajia 3HaTHO he ce ckpaTuT! Bpeme
IeIOKYITHOT TIpoIieca jo 06jaB/blBamba pajia y YacoInCy,
mTO he MO3UTUBHO yTHUIIATY HA KBA/TUTET WIAHAKA I pe-
TIOBHOCT M3/Ta’Kerba JacoIInca.

3a cBe mojaTHe MHQOpPMaIMje, MOTUMO Jia ce 0bpaTuTe
Ha JloJie HaBefieHe 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 essen-
tial 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 fol-
lowing article types: editorials, original papers, preliminary
and short communications, case reports, video-articles,
images in clinical medicine, review articles, current top-
ics, 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 com-
munications, review articles, current topics, video-articles
and images in clinical 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 follows 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 American
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 com-
bination is used, the number should be precisely designated
in superscript or subscript (i.e., 99Tc, 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 contribu-
tion to the paper, with their written consent.
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PLAGIARISM. Since January 1, 2019 all manuscripts have
been submitted via SCIndeks Assistant to Cross Check
(software iThenticate) for plagiarism and auto-plagiarism
control. The manuscripts with approved plagiarism/auto-
plagiarism will be rejected and authors will not be welcome
to publish in Serbian Achieves of Medicine.

TITLE PAGE. The first page of the manuscript (cover sheet)
should include the following: title of the paper without any
abbreviations; suggested running title; each author’s full
names and family names (no titles), indexed by numbers;
official name, place and country of the institution in which
authors work (in order corresponding to the indexed num-
bers of the authors); at the bottom of the page: name and
family name, address, phone and fax number, and e-mail
address of a corresponding author.

SUMMARY. Along with the original article, preliminary and
short communication, review article, case report, article on
history of medicine, current topic article, article for language
of medicine and article for practitioners, the summary not
exceeding 100-250 words should be typed on the second
page of the manuscript. In original articles, the summary
should have the following structure: Introduction/Objec-
tive, Methods, Results, Conclusion. Each segment should
be typed in a separate paragraph using boldface. The most
significant results (numerical values), statistical analysis
and level of significance are to be included. The conclusion
must not be generalized, it needs to point directly to the
results of the study. In case reports, the summary should
consist of the following: Introduction (final sentence is
to state the objective), Case Outline (Outline of Cases),
Conclusion. Each segment should be typed in a separate
paragraph using boldface. In other types of papers, the
summary has no special outline.

KEYWORDS. Below the summary, 3 to 6 keywords or
phrases should be typed. The keywords need not repeat
words in the title and should be relevant or descriptive.
Medical Subject Headings — MeSH (http://www.nlm.nih.
gov/mesh) are to be used for selection of the keywords.

TRANSLATION INTO SERBIAN. The third page of
the manuscript should include: title of the paper in the
Serbian language; each author’s full name and family name
(no titles), indexed by numbers; official name, place and
country of the institution in which authors work. On the
fourth page of the manuscript the summary (100-250
words) and keywords (3-6) should be typed, but this refers
only to papers in which a summary and keywords are com-
pulsory. The terms taken from foreign literature should be
translated into comprehensible Serbian. All foreign words
or syntagms that have a corresponding term in Serbian
should be replaced by that term.

If an article is entirely in Serbian (e.g. article on history of
medicine, article for “Language of medicine,” etc.), captions
and legends of all enclosures (tables, graphs, photographs,
schemes) — if any — should be translated into English as well.

STRUCTURE OF THE MANUSCRIPT. All section head-
ings should be in capital letters using boldface. Original
articles and preliminary and short communications should
have the following section headings: Introduction (objective
is to be stated in the final paragraph of the Introduction),
Methods, Results, Discussion, Conclusion, References.
A review article and current topic include: Introduction,
corresponding section headings, Conclusion, References.
The firstly named author of a review article should cite
at least five auto-citations (as the author or co-author of
the paper) of papers published in peer-reviewed journals.
Co-authors, if any, should cite at least one auto-citation of
papers also published in peer-reviewed journals. A case
report should consist of: Introduction (objective is to be
stated in the final paragraph of the Introduction), Case
Report, Discussion, References. No names of patients,
initials or numbers of medical records, particularly in il-
lustrations, should be mentioned. Case reports cannot have
more than five authors. Letters to the editor need to refer
to papers published in the Serbian Archives of Medicine
within previous six months; their form is to be comment,
critique, or stating own experiences. Publication of articles
unrelated to previously published papers will be permitted
only when the journal’s Editorial Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be
placed at the end of the manuscript, while in the body of
the text a particular enclosure should only be mentioned
and its preferred place indicated. The final arrangement
(position) of the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for
very long names of chemical compounds, or as well-known
abbreviations (standard abbreviations such as DNA, AIDS,
HIV, ATP, etc.). Full meaning of each abbreviation should
be indicated when it is first mentioned in the text unless
it is a standard unit of measure. No abbreviations are al-
lowed in the title. Abbreviations in the summary should be
avoided, but if they have to be used, each of them should
be explained when first mentioned in the text of the paper.

DECIMAL NUMBERS. In papers written in English, in-
cluding text of the manuscript and all enclosures, a decimal
point should be used in decimal numbers (e.g. 12.5 + 3.8),
while in Serbian papers a decimal comma should be used
(e.g. 12,5 + 3,8). Wherever applicable, a number should be
rounded up to one decimal place.

UNITS OF MEASURE. Length, height, weight and volume
should be expressed in metric units (meter — m, kilogram -
kg, gram - g, liter - 1) or subunits. Temperature should be in
Celsius degrees (°C), quantity of substance in moles (mol),
and blood pressure in millimeters of mercury column (mm
Hg). All results of hematological, clinical and biochemical
measurements should be expressed in the metric system
according to the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript
- title page, summary, the whole text, list of references, all



INSTRUCTIONS FOR AUTHORS

enclosures including captions and legends (tables, photo-
graphs, graphs, schemes, sketches), title page and summary
in Serbian - must not exceed 5,000 words for original
articles, review articles and articles on history of medicine,
and 3,000 words for case reports, preliminary and short
communications, current topics, articles for practitioners,
educational articles and articles for “Language of medicine”,
congress and scientific meeting reports; for any other sec-
tion maximum is 1,500 words.

Video-articles are to last 5-7 minutes and need to be
submitted in the flv video format. The first shot of the
video must contain the following: title of the journal in the
heading (Serbian Archives of Medicine), title of the work,
last names and initials of first and middle names of the
paper’s authors (not those of the creators of the video), year
of creation. The second shot must show summary of the
paper, up to 350 words long. The final shot of the video may
list technical staff (director, cameraman, lighting, sound,
photography, etc.). Video-articles need to be submitted along
with a separate summary (up to 350 words), a single still/
photograph as an illustration of the video, and a statement
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