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Stručni čаsоpis Zdrаvstvеnа zаštitа, koji Kоmоrа zdravstvenih ustanova Srbije izdаје оd 1972. gоdinе, 
objavljuje neobjavljene originalne stručne i naučne radove, pregledne članke, kratka saopštenja, 
uvodnike, pisma uredniku, meta-analize, prikaze bolesnika, aktuelne teme, prikaze stručnih knjiga i 
skupova, i drugo, iz oblasti medicine, farmacije, biohemije, stomatologije i menadžmenta u zdravstvu, 
čime doprinosi promociji i razvoju nauke, struke i naučno-istraživačkog rada.

Nаučnе i stručnе rаdоvе u čаsоpisu оbјаvljuјu vrhunsкi stručnjаci rаzličitih prоfilа sа nаučnim i drugim 
zvаnjimа, аkаdеmici. Prеnоsеći u prоtеklоm pеriоdu оdаbrаnе tеkstоvе dо svојih čitаlаcа, strаnicе 
Zdrаvstvеnе zаštitе istоvrеmеnо prеdstаvljајu svеdоčаnstvо, kako piоnirskоg rаdа Kоmоrе, tаkо i 
svојеvrsnе istоriје zdrаvstvа Srbiје.

Od januara 2019. godine sprovodi se elektronsko uređivanje časopisa Zdrаvstvеna zаštita (engl. Health 
Care), a od septembra 2019. dostupan je u režimu otvorenog pristupa (engl. Open Access). Otvoren 
pristup obezbeđuje besplatno čitanje, preuzimanje, čuvanje, štampanje i korišćenje objavljenih 
rukopisa u časopisu svakom korisniku koji ima pristup internetu. Svi članci objavljeni u časopisu 
Zdravstvena zaštita mogu se besplatno preuzeti sa sajta časopisa: http://scindeks.ceon.rs/journaldetails.
aspx?issn=0350-3208. Časopis se objavljuje četiri puta godišnje.

Svi rukopisi pre objavljivanja u časopisu Zdravstvena zaštita prolaze internu (preliminarni pregled 
rukopisa od strane urednika i/ili uređivačkog odbora) i eksternu recenziju (dve nezavisne recenzije od 
strane stručnjaka u datoj oblasti pri čemu se poštuje anonimnost i autora recenzije i autora rukopisa). 
Konačna odluka o objavljivanju rukopisa donosi se na osnovu stručne, etičke i statističke recenzije. Pre 
objavljivanja rukopisa, vrši se kontrola plagijarizma, odnosno rukopis se upoređuje sa svim originalnim 
tekstovima u dostupnim bazama podataka.

Radovi mogu biti napisani na srpskom ili engleskom jeziku, sa rezimeima na srpskom i engleskom jeziku.

Radove objavljene u časopisu Zdrаvstvеnа zаštitа indeksiraju: SCIndeks - Serbian Citation Index, COBISS.
SR – ID 3033858 i doiSerbia.
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Scientific journal Zdravstvena zaštita (The Journal of Health Care), which has been published by the 
Chamber of health institutions of Serbia since 1972, publishes unpublished original expert and scientific 
papers, review articles, short communications, introductions, letters to the editor, meta – analyses, case 
reports of the patients, actual topics, depictions of scientific books and conferences, among other things 
related to the field of medicine, stomatology, pharmacology, biochemistry and health management. In 
this way, the magazine contributes to the promotion and development of science, as well as expertise 
and scientific research work.

Preeminent experts of different profiles and with different scientific titles publish their scientific and 
research papers in the journal. By means of conveying the selected texts, the pages of Health Care 
represent the testimony, of both the pioneering work of the Chamber, and a kind of history of health 
care in Serbia alike.

The Journal of Health Care has been edited electronically since January 2019, and it has been in Open 
Access Mode since September 2019. Open access enables reading free of charge, downloading, saving, 
printing and using writings published in the journal to any user that has an internet access. All papers 
published in Health Care can be downloaded for free on the journal’s website: http://scindeks.ceon.rs/
journaldetails.aspx?issn=0350-3208. The journal is published four times a year.

Prior to publishing in Health Care, all writings go through an internal review (preliminary review of the 
manuscript by the editor and/or editorial board) as well as an external review (independent reviews by 
the experts form the given field, while respecting the anonymity of the author of the review and the 
author of the paper). Final decision on whether the paper is going to be published is reached on the 
basis of expertly, ethical, and statistical review. Control for plagiarism is performed before the paper is 
published, which implies comparing the manuscript to all original texts in the available databases.

Papers could be written in the Serbian or English language, with summaries in both Serbian and English.

Papers published in The Journal Health Care are indexed by: SCIndeks - Serbian Citation Index, COBISS.
SR – ID 3033858 and doiSerbia.
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POVEZANOST HEMSEKSA SA SEKSUALNIM PONAŠANJEM I POLNO PRENOSIVIM 
INFEKCIJAMA KOD MUŠKARACA KOJI IMAJU SEKSUALNE ODNOSE SA MUŠKARCIMA U 
BEOGRADU
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ORIGINALNI RAD

Uvod
Rekreativne droge predstavljaju (i)legalne 

hemijske supstance koje zbog svog psihoaktivnog 
dejstva izazivaju osećaj zadovoljstva i uživanja, 
umanjuju inhibicije ali sa druge strane uzrokuju i 
različite zdravstvene probleme i nastanak zavisno-
sti kod korisnika. Najčešće korišćeni su amfetamini, 
nitrati, kokain, marihuana, ekstazi i lekovi za lečen-
je erektilne disfunkcije (1), kao i takozvane seksual-
izovane droge – hemseks (engl. chemsex), naročito 
korišćene u populaciji muškaraca koji imaju seksu-

alne odnose sa muškarcima (MSM), pre ili u toku 
seksualnog odnosa, da bi pojačale seksualni učinak 
i zadovoljstvo (2). Hemseks u užem smislu obuhva-
ta gama-hidroksibutirat (GHB- gamma-hydroxybu-
tyrate) i gama-butirolakton (GBL- gamma-butyro-
lactone), kristalni metamfetamin i mefedron (2,3). 
Upotreba ovih droga povezana je sa visokorizičnim 
seksualnim ponašanjem i češćim prenošenjem 
polno prenosivih infekcija (PPI) (4). Sve veća upo-
treba novih psihoaktivnih supstanci u Evropi zahte-

© 2024 Health Care. Published under the terms of the CC BY 4.0 license

SAŽETAK

Uvod/Cilj: Hemseks je česta praksa među muškarcima koji imaju seksualne odnose sa muškarcima 
(MSM). Cilj ovog istraživanja bio je da se proceni prevalencija hemseksa među MSM populacijom u 
Beogradu i njegova povezanost sa njihovim ponašanjem i polno prenosivim infekcijama.
Metode: Studija preseka sprovedena je u dve zdravstvene ustanove u Beogradu i obuhvatila je 469 MSM 
osoba. Anonimnom anketom od svih ispitanika su prikupljeni podaci o demografskim karakteristikama, 
razlogu dolaska lekaru, seksualnoj anamnezi i upotrebi seksualizovanih droga u prethodnih šest meseci.
Rezultati: Od 469 ispitanika 123 (26,2%) je praktikovalo hemseks, a gama-hidroksibutirat (GHB) i 
gama-butirolakton (GBL) su bile najčešće korišćene seksualizovane droge (84,6%). Prema rezultatima 
multivarijantne logističke regresione analize učesnici koji su praktikovali hemseks značajno su se razlikovali 
od ostalih ispitanika u sledećim karakteristikama: češće su bili zaposleni (Unakrsni odnos – UO=2,50; 
95% interval poverenja - 95%IP=1,19-5,26; p=0,015), imali su veći broj seksualnih partnera u poslednjih 
šest meseci (UO=1,39; 95%IP=1,14-1,72; p=0,002) i analne seksualne odnose bez upotrebe kondoma 
(UO=3,23; 95%IP=1,64-6,25; p=0,001), češće su praktikovali grupni seks tokom poslednjih šest meseci 
(UO=4,35; 95%CI=2,38-7,69; p<0,001), konzumirali su veće količine alkohola (UO=2,50; 95%CI=1,54-
4,00; p<0,001) i češće su imali bakterijsku polno prenosivu infekciju u poslednjih godinu dana (UO=2,70; 
95%CI=1,61-4,54; p<0,001). Učestalost upotrebe rekreativnih droga bila je ređa kod ispitanika koji su 
praktikovali hemseks (UO=0,59; 95%CI = 0,41-0,88; p=0,009).
Zaključak: MSM osobe koje su imale hemseks češće su praktikovale visoko rizično seksualno ponašanje 
i češće su obolevale od bakterijskih polno prenosivih infekcija. Rastući fenomen hemseksa među MSM 
populacijom zahteva podizanje svesti o problemima hemseksa kako među pripadnicima ove vulnerabilne 
populacije, tako i među zdravstvenim radnicima.

Ključne reči: hemseks, MSM, seksualno ponašanje, polno prenosive infekcije
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CHEMSEX RELATED SEXUAL BEHAVIOURS AND SEXUALLY TRANSMITTED INFECTIONS 
AMONG MEN WHO HAVE SEX WITH MEN IN BELGRADE

Milan Bjekić1, Dubravka Salemović2, Hristina Vlainac3, Jelena Marinković4

1 City Institute for Skin and Venereal Diseases, Belgrade, Republic of Serbia
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ORIGINAL ARTICLE

Introduction
Recreational drugs are (il)legal chemical 

substances that, due to their psychoactive effect, 
cause the feeling of pleasure and enjoyment, reduce 
inhibitions, but on the other hand, they also cause 
various health problems and addiction in users. 
The most commonly used are amphetamines, 
nitrates, cocaine, marijuana, ecstasy and drugs 
used for the treatment of erectile dysfunction (1), 
as well as the so-called sexualized drugs – chemsex, 

which are mostly used by the population of men 
who have sex with men (MSM), before or during 
sexual intercourse in order to enhance sexual 
performance and satisfaction (2). Chemsex in the 
narrower sense includes gamma-hydroxybutyrate 
(GHB) and gamma-butyrolactone (GBL), crystal 
methamphetamine and mephedrone (2,3). The 
use of these drugs is associated with high-risk 
sexual behavior and more frequent transmission 

© 2024 Health Care. Published under the terms of the CC BY 4.0 license

SUMMARY

Background/Aim: Chemsex is a common practice among men who have sex with men (MSM). The aim of 
this study was to assess the prevalence of chemsex in the MSM population in Belgrade and its association 
with their behaviour and sexually transmitted infections.
Methods: A cross-sectional study was conducted at two institutes in Belgrade over a six-month period 
and it covered 469 MSM. Data on demographic characteristics, reasons of attendance, sexual history, 
sexual behaviour and sexualized drugs use in the previous six months were collected from all participants 
by the use of a questionnaire.
Results: Chemsex was practiced by 123 (26.2%) participants and GHB/GBL was most commonly 
used (84.6%). According to the results of multivariate logistic regression analysis those practicing 
chemsex differed from other participants significantly, independently of other factors, in the following 
characteristics: they were more frequently employed (Odds Ratio – OR=2.50, 95% confidence interval 
– 95%CI=1.19-5.26, p=0.015), had a greater number of sex partners in the last six months (OR=1.39, 
95%CI =1.14-1.72, p=0.002), had condomless anal sex (OR=3.23, 95%CI=1.64-6.25, p=0.001) and group 
sex more frequently in the last six months (OR=4.35, 95%CI= 2.38-7.69, p<0.001), used a greater quantity 
of alcohol (OR=2.50, 95%CI 1.54-4.00, p<0.001), and had bacterial STIs more frequently in the last year 
(OR=2.70, 95%CI=1.61-4.54, p<0.001). The frequency of recreational drugs use was lower in those 
engaged in chemsex (OR=0.59, 95%CI=0.41-0.88, p=0.009).
Conclusion: MSM engaged in chemsex practiced high risk sexual behaviour and suffered from bacterial 
sexually transmitted infections more frequently. The growing phenomenon of chemsex among MSM 
requires raising awareness about issues regarding chemsex both among the members of this vulnerable 
population and healthcare workers.

Key words: chemsex, men who have sex with men (MSM), sexual behaviour, sexually transmitted 
infections
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va proširenje liste seksualizovanih droga da se ne 
bi prevideo njihov uticaj na seksualno ponašanje i 
udruženost sa PPI (6). Neke rekreativne droge koje 
imaju povoljan uticaj na seksualno zadovoljstvo, 
poput popersa, marihuane i lekova koji se koriste 
za erektilnu disfunkciju ne ubrajaju se u hemseks 
zbog njihove česte upotrebe u različite svrhe (7).

Istraživanje sprovedeno u Republici Srbiji u toku 
2014. godine je pokazalo da je 8% odrasle populaci-
je uzrasta od 18 do 64 godine koristilo tokom života 
neku psihoaktivnu supstancu, a najčešće su je ko-
ristili muškarci (12,8%) starosne dobi od 18 do 34 
godine (8). Marihuana je bila najčešće korišćena psi-
hoaktivna supstanca, dok su se amfetamin, kokain 
i ekstazi veoma retko koristili u opštoj populaciji, a 
novije psihoaktivne supstance (NPS) poput ketami-
na i GHB je koristilo manje od 0,1% mlađih odraslih 
osoba (8). Upotreba NPS u Srbiji se registruje kod 
MSM osoba koje obično koriste GHB tokom seksu-
alnih aktivnosti i kod mladih koji ih konzumiraju na 
žurkama i muzičkim festivalima (9).

S obzirom na to da nemamo podatke o 
učestalosti i vrstama rekreativnih droga koje se 
koriste među MSM populacijom u našoj zemlji, 
a posebno podatke o upotrebi seksualizovanih 
droga, cilj ovog istraživanja je bio da se utvrdi prev-
alencija hemseksa i njegova povezanost sa seksu-
alnim ponašanjem i PPI među MSM populacijom 
u Beograd.

Metod
U studiju preseka u toku šestomesečnog peri-

oda (1.08.2022–31.01.2023. godine) uključeni su 
pripadnici MSM populacije koji su došli na pre-
gled u Gradski zavod za kožne i venerične bolesti 
u Beogradu i u ambulantu za HIV infekciju Infek-
tivne klinike Kliničkog centra Srbije. Od svih ispi-
tanika podaci su prikupljeni upitnikom. Upitnik 
je sadržao pitanja koja su se odnosila na njihove 
osnovne demografske karakteristike, HIV-status i 
eventualnu upotrebu preekspozicione profilakse 
za HIV (engl. pre-exposure prophylaxis, PrEP), sek-
sualno ponašanje u poslednjih šest meseci, na 
podatke o lečenim bakterijskim PPI u poslednjih 
godinu dana, kao i o upotrebi rekreativnih droga 
tokom seksa u poslednjih šest meseci. Takođe su 
prikupljeni podaci o korišćenju ilegalnih droga u 
poslednjih šest meseci [(hemseks: GHB, GBL, ek-
stazi – 3,4-metilendioksimetamfetamine (engl. 
Methylenedioxymethamphetamine – MDMA), 
ketamin, mefedron, kristalni metamfetamin i am-

fetamin), ili druge rekreativne droge (oralni in-
hibitori fosfodiesteraze 5 za erektilnu disfunkciju, 
popers i marihuanu)] i o upotrebi intravenskih 
droga. Procena upotrebe alkohola u poslednjih 
godinu dana vršena je na osnovu skraćene verzije 
upitnika Svetske Zdravstvene Organizacije – AUDIT 
testa (engl. Alcohol Use Disorders Identification 
Test) (10) prema kojoj su ispitanici klasifikovani u 
tri grupe (manje rizično pijenje, rizično pijenje i 
visoko rizično pijenje).

Pacijentima sa simptomima polnih bolesti 
rađeni su testovi na gonoreju, hlamidijazu i sifilis. 
Ovi testovi su rađeni i kod pacijenata koji su bili 
izloženi PPI. Ispitanici koji nisu imali simptome 
PPI nego su došli zbog nekog drugog razloga (der-
matološki problemi u anogenitalnoj regiji poput 
gljivične infekcije - tinea cruris, lichen sclerosus-a 
ili su došli na savetovanje) nisu bili testirani na 
polne bolesti. Gonoreja je dijagnostikovana iden-
tifikacijom intracelularnih diplokoka u leukocitima 
iz uretralnog sekreta obolelih, dok je uretralna 
hlamidijaza potvrđena pozitivnim PCR (engl. Poly-
merase chain reaction; polimeraza lančana reakci-
ja)  testom. Pozitivnim specifičnim treponemskim 
serološkim testom (engl. Treponema Pallidum 
Haemagglutination Assay – TPHA; Treponema 
Pallidum hemaglutinacioni test) i nespecifičnim 
treponemskim testom (engl. Venereal Disease 
Research Laboratory - VDRL; laboratorijski test za 
istraživanje veneričnih bolesti) postavljene su di-
jagnoze primarnog sifilisa, sekundarnog sifilisa i 
ranog latentnog sifilisa. Testovi za HIV i hepatitis 
nisu bili rađeni, ali svi naši ispitanici su znali svoj 
HIV status. Dozvolu za istraživanje odobrio je Etički 
odbor Gradskog zavoda za kožne i venerične boles-
ti u Beogradu (br. 1861/3).

U statističkoj analizi korišćene su univarijant-
na i multivarijantna logistička regresiona analiza. 
Sve varijable koje su prema rezultatima univari-
jantne logističke regresione analize bile povezane 
sa hemseksom na nivou statističke značajnosti p 
≤ 0,1 bile su uključene u multivarijantnu analizu, 
dok su varijable koje su bile ograničene samo na 
deo ispitivane populacije (upotreba PrEP-a, broj i 
učestalost upotrebe rekreativnih droga) jedna po 
jedna dodavane u nove modele multivarijantne 
analize. Metod selekcije bio je unazadni (engl. 
backward) Wald test, dok su sve p vrednosti bile 
bazirane na dvosmernom (engl. two-tailed) testu, 
a statistički značajnim smatrane su vrednosti p < 
0,05. Softverski paket programa IBM SPSS Statis-
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of sexually transmitted infections (STIs) (4). The 
increasing use of new psychoactive substances 
in Europe requires the expansion of the list of 
sexualized drugs so that their influence on sexual 
behavior and association with STIs would not be 
overlooked (6). Some recreational drugs that have 
a beneficial effect on sexual pleasure, such as 
poppers, marijuana, and drugs used for erectile 
dysfunction are not included in chemsex because 
of their frequent use for different purposes (7).

The research, which was conducted in the 
Republic of Serbia in 2014, showed that 8% of the 
adult population aged 18 to 64 used a psychoactive 
substance during their lifetime, while it was most 
frequently used by men (12.8%) aged 18 to 34 
(8). Marijuana was the most frequently used 
psychoactive substance, while amphetamine, 
cocaine and ecstasy were very rarely used in the 
general population, and newer psychoactive 
substances (NPSs) such as ketamine and GHB were 
used by less than 0.1% of young adults (8). The use 
of NPSs in Serbia was registered among MSM who 
frequently used GHB during sexual activities and 
among young people who used it at parties and 
music festivals (9).

Given that we do not have data on the 
frequency and types of recreational drugs used 
in the population of MSM in our country, and 
especially data on the use of sexualized drugs, the 
aim of this study was to determine the prevalence 
of chemsex and its association with sexual behavior 
and STIs among MSM in Belgrade.

Methods
The members of the MSM population who 

came for an examination or to the counseling 
center for sexually transmitted diseases of the 
City Institute for Skin and Venereal Diseases in 
Belgrade and for the regular check-up in the 
outpatient clinic for HIV at the Clinic for Infectious 
Diseases of the Clinical Center of Serbia were 
included in a cross-sectional study during a six-
month period (August 1, 2022–January 31, 2023). 
Data were collected from all respondents using 
a questionnaire. The anonymous questionnaire 
contained questions related to their basic 
demographic characteristics, HIV-status and 
eventual use of pre-exposure prophylaxis for HIV 
(English: pre-exposure prophylaxis, PrEP), sexual 
behavior in the last six months, data on treated 
bacterial PPIs in the last year, as well as the use of 

recreational drugs during sex in the last six months. 
Also, data were collected on the use of illegal 
drugs in the last six months [(hemsex: GHB, GBL, 
ecstasy - 3,4-methylenedioxymethamphetamine 
(MDMA), ketamine, mephedrone, crystal 
methamphetamine and amphetamine), or other 
recreational drugs (oral phosphodiesterase 5 
inhibitors for erectile dysfunction, poppers, and 
marijuana)] and on intravenous drug use. The 
assessment of alcohol use in the last year was 
carried out on the basis of a shortened version 
of the World Health Organization's AUDIT test 
(Alcohol Use Disorders Identification Test) (10), 
according to which the respondents were classified 
into three groups (low-risk drinking, risky drinking 
and high-risk drinking).

All patients who had symptoms of STIs were 
tested for gonorrhea, chlamydia and syphilis. These 
tests were also performed for patients who were 
exposed to PPIs. Those participants who did not 
have the symptoms of STIs but came due to some 
other reasons (dermatological problems in the 
anogenital region such as fungal infections – tinea 
cruris, lichen sclerosus or came for counseling) were 
not tested for STDs. Gonorrhea was diagnosed by 
identifying intracellular diplococci in leukocytes 
from the urethral secretions of patients, while 
urethral chlamydia was confirmed by a positive 
PCR (Polymerase chain reaction) test. A positive 
specific treponema serological test (Treponema 
Pallidum Hemagglutination Assay - TPHA) and a 
non-specific treponema test (Venereal Disease 
Research Laboratory - VDRL) were used for 
diagnosing primary, secondary and early latent 
syphilis. Tests for HIV and hepatitis were not 
performed, but all our subjects knew their HIV 
status. The permit for the research was approved 
by the Ethics Committee of the City Institute 
for Skin and Venereal Diseases in Belgrade (No. 
1861/3).

Univariate and multivariate logistic regression 
analysis were used in the statistical analysis of 
differences between participants who practiced 
chemsex and those who did not. All variables, 
which were associated with chemsex at the level 
of statistical significance p<0.1 according to the 
results of univariate analysis, were included in 
the multivariate analysis. The variables, which 
were limited only to one part of the examined 
population, such as PrEP, the number of 
recreational drugs and frequency of their use 
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meseci u poređenju sa ispitanicima koji nisu prak-
tikovali hemseks (p=0,007). Ispitanici u poređenim 
grupama nisu se razlikovali prema uzrastu, obra-
zovanju i podatku o tome kada su imali posled
nji seksualni odnos bez upotrebe droga – „sober 
seks” (Tabela 1).

Prema rezultatima prikazanim u Tabeli 2, ispi-
tanici koji su praktikovali hemseks, u poređenju sa 
onima koji ga nisu praktikovali, tokom poslednjih 
šest meseci imali su veći broj seksualnih partnera 
(p<0,001), analne seksualne odnose bez upotre-
be kondoma (p<0,001), učestvovali su u grupnom 
seksu (p<0,001), imali su neku bakterijsku PPI u 
poslednjih godinu dana (p<0,001), novodijagnos-
tikovanu bakterijsku PPI (p<0,001) i češće su pri-
padali osobama sa ponovnim PPI – imali su više 
od jedne bakterijske PPI u poslednjih godinu dana 
(p<0,001).

Od bakterijskih PPI kod svih ispitanika sifilis je 
bio najčešće dijagnostikovan – 122 (26%), potom 
gonoreja (kod 41 ispitanika – 8,9%) i hlamidijaza 
(kod 16 ispitanika -3,5%). Od ostalih PPI genitalne 
bradavice su dijagnostikovane kod 22 (4,8%) paci-
jenta, majmunske boginje kod 6 (1,3%), molus-
cum contagiosum infekcija kod 3 (0,6%) i genitalni 
herpes kod 1 (0,2%) pacijenta.

Rezultati multivarijantne logističke regresione 
analize su prikazani u Tabeli 3. U odnosu na osobe 
koje nisu praktikovale hemseks, ispitanici koji su 

tics for Windows, version 23 (Armonk, NY, IBM 
Corp.) je korišćen za analizu baze podataka.

Rezultati
U studiju je uključeno 469 MSM osoba, od kojih 

je 48,6% koristilo neku rekreativnu drogu, a prev-
alencija hemseksa je iznosila 26,2%. Najveći broj 
ispitanika je koristio popers (23,7%), zatim GHB/
GBL (22,2%), marihuanu (21,1%) i lekove za erek-
tilnu disfunkciju (16,2%). Upotreba ostalih droga 
poput ketamina, metamfetamina, kokaina, MDMA 
i amfetamina je registrovana u manjem procentu 
od 1,9% do 7,5% (Grafikon 1).

Najveći broj ispitanika je bio starosne dobi 
između 26 i 45 godina (70,4%), a procenat onih sa 
nižim i višim stepenom obrazovanja je bio sličan 
(49,9% vs. 50,1%), dok je 79,7% ispitanika bilo 
zaposleno (Tabela 1). Prema rezultatima univari-
jantne logističke regresione analize ispitanici koji 
su praktikovali hemseks (122) u odnosu na one koji 
ga nisu praktikovali (346 ispitanika) su bili statistič-
ki značajno češće zaposleni (p<0,001), dolazili su 
kod lekara usled simptoma PPI ili podatka o izla
ganju PPI (p<0,002), konzumirali su veće količine 
alkohola (p<0,001) i veći broj rekreativnih droga 
(p<0,001). Osobe koje su praktikovale hemseks su 
češće bile HIV pozitivne (p=0,053) i češće su koris-
tile PrEP (p<0,001). S druge strane ovi ispitanici su 
znatno ređe koristili droge u toku poslednjih šest 

MDMA (ekstazi – 3,4-metilendioksimetamfetamine); GHB/GBL (gama-hidroksibutirat/gama-butirolakton)

Grafikon 1. Prevalencija (%) upotrebe rekreativnih droga tokom poslednjih 6 meseci 
među 469 muškaraca koji su imali seksualne odnose sa muškarcima
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was statistically significant (p<0.001), came to the 
doctor due to the symptoms of STIs or data on the 
exposure to STIs (p<0.002), they consumed greater 
amounts of alcohol (p<0.001) and a larger number 
of recreational drugs (p<0.001). Persons who 
practiced chemsex were more often HIV positive 
(p = 0.053) and they used PrEP more often (p < 
0.001). On the other hand, these participants used 
drugs significantly less often during the last six 
months compared to those respondents who did 
not practice chemsex (p = 0.007). The participants 
in the compared groups did not differ according to 
age, education and data related to the fact when 
they had the last sexual intercourse without the 
use of drugs – “sober sex” (Table 1).

According to the results shown in Table 2, the 
participants who practiced chemsex in comparison 
to those who did not practice it in the last six months 
had a higher number of sexual partners (p < 0.001), 
anal sexual relations without using a condom (p< 
0.001), participated in group sex (p < 0.001), had 
some bacterial sexually transmitted infection in 
the last year (p < 0.001), newly diagnosed bacterial 
STI (p < 0.001) and they belonged to persons with 
repeated STIs – had more than one bacterial STI in 
the last year (p < 0.001). 

Of all bacterial STIs in all participants, syphilis 
was most often diagnosed – 122 (26%), followed 
by gonorrhea (in 41 participants – 8.9%) and 

were added one by one to the new models of 
multivariate analysis. The selection method was 
the backward Wald test. All p values were based 
on the two-tailed test, while the values of p < 0.05 
were considered to be statistically significant. The 
software package IBM SPSS Statistics for Windows, 
version 23 (Armonk, NY, IBM Corp.) was used for 
the analysis of database.

Results
469 MSM were included in the study, 48.6% of 

whom used recreational drugs, while the prevalence 
of chemsex was 26.2%. The largest number of 
participants used poppers (23.7%), followed by 
GHB/GBL (22.2%), marijuana (21.1%) and drugs for 
erectile dysfunction (16.2%). The use of other drugs 
such as ketamine, methamphetamine, cocaine, 
MDMA and amphetamine was registered in smaller 
percentages, from 1.9% to 7.5% (Graph 1).

The largest number of participants belonged to 
the age groups between 26 and 45 years (70.4%), 
while the percentage of those participants with 
a lower and higher level of education was similar 
(49.9% vs. 50.1%), while 79.7% of respondents 
were employed (Table 1). According to the 
results of univariate logistic regression analysis, 
the participants who practiced chemsex (122) in 
comparison to those who did not practice it (346 
respondents) were more often employed and it 

MDMA (ecstasy – 3,4- Methylenedioxymethamphetamine); GHB/GBL (gamma-hydroxybutyrate)/gamma-butyrolactone)

Figure 1. Prevalence (%) of individual recreational drug use in the past six months 
among 469 males who have sex with males
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upotrebe kondoma (UO=3,23; 95%IP=1,64-6,25; 
p=0,001) i grupni seks tokom poslednjih šest meseci 
(UO=4,35; 95%IP=2,38-7,69; (p<0,001), konzumirali 
su veću količinu alkohola (UO=2,50; 95%IP=1,54-
4,00; (p<0,001) i češće su imali neku bakterijsku PPI 

praktikovali hemseks su bili značajno češće zapos-
leni (UO=2,50; 95%IP=1,19-5,26; p=0,015), imali 
su veći broj seksualnih partnera u poslednjih šest 
meseci (UO=1,39; 95%IP=1,14-1,72; p=0,002), 
češće su praktikovali analne seksualne odnose bez 

Varijable Ispitanici koji su 
praktikovali hemseks* 

(n=123)
Broj (%)

Isptanici koji nisu 
praktikovali hemseks

(n=346)
Broj (%)

p vrednost**

Uzrast (godine):
≤ 25
26-35
36-45
45+ 

13 (10,6)
52 (42,3)
52 (42,3)

6 (4,9)

61 (17,6)
117 (33,8)
109 (31,5)
59 (17,1)

0,499

Dužina trajanja obrazovanja (godine):
≤ 12
>12

58 (47,2)
65 (52,8)

176 (50,9)
170 (49,1)

0,480

Zaposlenost 111 (90,2) 263 (76,0) <0,001
Razlog posete lekaru:

Simptomi PPI
Izloženost PPI
Simptomi nevezani sa PPI

46 (37,4)
26 (21,1)
51 (41,5)

83 (24,0)
54 (15,6)

209 (60,4)

0,002

Konzumiranje alkohola u poslednjih godinu 
dana #: 

Manje rizično pijenje
Rizično pijenje
Visoko rizično pijenje

73 (59,3)
45 (36,6)

5 (4,1)

272 (78,6)
72 (20,8)

2 (0,6)

<0,001

Broj rekreativnih droga korišćenih u poslednjih 
šest meseci ≠: 

1
2
3 – 8

19 (15,4) 
28 (22,0)
76 (62,6)

80 (76,2)
21 (20,0)

4 (3,8)

<0,001

Učestalost upotrebe rekreativnih droga u 
poslednjih šest meseci:

Jednom mesečno
2-4 puta mesečno
2-3 puta nedeljno
≥ 4 puta mesečno

76 (61,8)
36 (29,3)

9 (7,3)
2 (1,6)

53 (50,5)
27 (25,7)
19 (18,1)

6 (5,7)

0,007

Poslednji seksualni odnos bez upotrebe droga 
(engl. sober sex): 

Prošlog meseca
Pre više od 3 meseca
Pre više od 6 meseci
Pre više od godinu dana

85 (69,1)
20 (16,3)

9 (7,3)
9 (7,3)

78 (74,3)
16 (15,2)

4 (3,8)
7 (6,7)

0,397

HIV pozitivan status 60 (48,8) 134 (38,7) 0,053
Upotreba PrEP-a 11/63 (17,5) 9/212 (4,2) <0,001

PPI – polno prenosive infekcije; HIV – virus humane imunodeficijencije; PrEP – Pre-ekspoziciona profilaksa za HIV.
*Upotreba jedne ili više seksualizovanih droga (GHB/GBL, kristalni metamfetamin, mefedron, ekstazi, amfetamin, 
kokain i ketamin); **Prema rezultatima univarijantne logističke regresione analize; #Konzumiranje alkohola je ba-
zirano prema odgovorima na prva dva pitanja iz skraćenog upitnika Svetske zdravstvene organizacije AUDIT (engl. 
Alcohol Use Disorders Identification Test, test za identifikaciju poremećaja upotrebe alkohola); Manje rizično pijenje 
alkohola: skor ≤1, rizično pijenje: skor ˃1 prema drugom pitanju iz upitnika i visoko rizično pijenje: skor ≥6 (10);
≠ Upotreba hemseksa i/ili nekih drugih rekreativnih droga: kanabis, popers I lekovi za erektilnu disfunkciju; 

Tabela 1. Distribucija ispitinika koji su praktikovali hemseks i onih koji nisu u odnosu na sociode-
mografkse i neke druge karakteristike
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to persons who did not practice chemsex, 
the participants who practiced chemsex were 
significantly more often employed (OR=2.50; 
95%CI=1.19-5.26; p=0.015), had a higher number 
of sexual partners in the last six months (OR = 
1.39; 95%CI=1.14-1.72; p=0.002), they practiced 
anal sex without using a condom more often (OR 

chlamydiasis (in 16 participants -3.5%). Of the 
other STIs, genital warts were diagnosed in 22 
(4.8%) patients, monkey pox in 6 (1.3%), moluscum 
contagiosum in 3 (0.6%) and genital herpes in 1 
patient (0.2%).

The results of multivariate logistic regression 
analysis are shown in Table 3. In comparison 
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Variable Engaged 
in chemsex* 

(n=123)
 No (%)

Not engaged 
in chemsex 

(n=346)
 No (%)

p value**

Age groups (years):
≤ 25
26-35
36-45
45+ 

13 (10.6)
52 (42.3)
52 (42.3)

6 (4.9)

61 (17.6)
117 (33.8)
109 (31.5)
59 (17.1)

0.499

Education (years):
≤ 12
>12

58 (47.2)
65 (52.8)

176 (50.9)
170 (49.1)

0.480

Employed 111 (90.2) 263 (76.0) <0.001
Reason for visiting a doctor:

STI related symptoms
STI exposure
No STI related symptoms

46 (37.4)
26 (21.1)
51 (41.5)

83 (24.0)
54 (15.6)

209 (60.4)

0.002

Alcohol consumption in the last year #: 
Low risk drinking
Hazardous drinking
High risk drinking

73 (59.3)
45 (36.6)

5 (4.1)

272 (78.6)
72 (20.8)

2 (0.6)

<0.001

Number of recreational drugs used in the last 
six months ≠: 

1
2
3 – 8

19 (15.4) 
28 (22.0)
76 (62.6)

80 (76.2)
21 (20.0)

4 (3.8)

<0.001

Frequency of recreational drug use in the last 
six months: 

Once per month
2-4 times per month
2-3 times per week
≥ 4 times per week

76 (61.8)
36 (29.3)

9 (7.3)
2 (1.6)

53 (50.5)
27 (25.7)
19 (18.1)

6 (5.7)

0.007

The last sober sex¶ among drug users: 
Last month
Before more than 3 months
Before more than 6 months
Before a year

85 (69.1)
20 (16.3)

9 (7.3)
9 (7.3)

78 (74.3)
16 (15.2)

4 (3.8)
7 (6.7)

0.397

HIV positive 60 (48.8) 134 (38.7) 0.053
On PrEP  11/63 (17.5) 9/212 (4.2) <0.001

STI – Sexually Transmitted Infection; HIV – Human Immunodeficiency Viruses; PrEP – Pre-Exposure Prophylaxis of 
HIV.*Use of one of more of GHB/GBL, crystal methamphetamine, mephedrone, ecstasy, amphetamine, cocaine 
and ketamine. **According to univariate logistic regression analysis. #Alcohol consumption is based on the first two 
questions of the WHO AUDIT questionnaire. Lower risk drinking is indicated by a score ≤1, hazardous drinking is 
indicated by a score ˃1 on question 2 and higher risk drinking is indicated by a score ≥6 (10); ≠ Use of chemsex and/
or some other recreational drugs: cannabis, poppers and erectile dysfunction drugs; ¶ Sex without the drugs 

Table 1. Distribution of partcicipants who practiced chemsex and those who did not according to 
socio-demographic and some other characteristics 
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istraživanja 26,2% MSM ispitanika je praktikovalo 
hemseks, što je u korelaciji sa rezultatima drugih 
istraživanja sprovedenih među pacijentima klinika 
za polne bolesti.

Među MSM osobama koje su posetile klini-
ke za polne bolesti u Dablinu 27% je praktikovalo 
hemseks (11), a u Velikoj Britaniji 21,8% pacijena-
ta (1). Nešto manji procenat MSM osoba koje su 
praktikovale hemseks registrovan je među paci-
jentima klinika za polne bolesti u Amsterdamu – 
17,6% (12) i Oslu – 17% (13). U našem istraživan-
ju najveći broj ispitanika (84,6%) je koristilo GHB/
GBL. Većina studija je opisala da je među korisnici-
ma usluga klinika za polne bolesti ova droga na-
jčešće praktikovana i to kod 57% pacijenata u Dab-
linu (11), 56% u Brajtonu (14) i 93% u Amsterdamu 

u poslednjih godinu dana (UO=2,70; 95%IP=1,61-
4,54; p<0,001). Učestalost upotrebe rekreativnih 
droga je bila niža kod osoba koje su praktikovale 
hemseks (UO=0,59; 95%IP=0,41-0,88; p=0,009).

Diskusija
Iako je sproveden veliki broj istraživanja o 

prevalenciji hemseksa među MSM populacijom, 
njihove rezultate je teško porediti zbog različitih 
metoda istraživanja kako u odnosu na definisa
nje seksualizovanih droga (uži ili širi smisao), tako 
i u odnosu na karakteristike ispitanika (pripadnici 
opšte MSM populacije ili pacijenti klinika za polne 
bolesti). Sistematski pregled literature pokazuje da 
se prevalencija hemseksa među MSM populacijom 
kreće od 10% do 94% (2). Prema rezultatima našeg 

Varijable Ispitanici koji su 
praktikovali hemseks* 

(n=123)
Broj (%)

Isptanici koji nisu 
praktikovali hemseks

(n=346)
Broj (%)

p vrednost**

Broj seksualnih partnera u poslednjih šest 
meseci:

1-3
4-9
10+

29 (23,6)
39 (31,7)
55 (44,7)

188 (54,3)
101 (29,2)
57 (16,5)

<0,001

Analni seks bez upotrebe kondoma u 
poslednjih šest meseci

109 (88,6) 213 (6,6) <0,001

Grupni seks u poslednjih šest meseci 72 (58,5) 50 (14,5) <0,001

Bakterijske PPI u poslednjih godinu dana 65 (52,8) 90 (26,0) <0,001
Novodijagnostikovana bakterijska PPI 65 (52,8) 113 (32,7) <0,001
Ponovno obolevanje od bakterijske PPI 34 (27,6) 25 (7,2) <0,001

Tabela 2. Distribucija ispitanika koji su praktikovali hemseks i onih koji nisu u odnosu na seksualnu 
aktivnost, rizično seksualno ponašanje i dijagnozu bakterijske PPI

PPI – polno prenosive infekcije; *Upotreba jedne ili više seksualizovanih droga (GHB/GBL, kristalni metamfetamin, 
mefedron, ekstazi, amfetamin, kokain i ketamin); **Prema rezultatima univarijantne logističke regresione analize

Varijable Unakrsni odnos 95% interval 
poverenja

p vrednost*

Zaposlenost 2,50 1,19-5,26 0,015
Broj seksualnih partnera u poslednjih šest meseci 1,39 1,14-1,72 0,002
Analni seks bez upotrebe kondoma u poslednjih 
šest meseci

3,23 1,64-6,25 0,001 

Grupni seks u poslednjih šest meseci 4,35 2,38-7,69 <0,001
Konzumiranje alkohola u poslednjih godinu dana 2,50 1,54-4,00 <0,001
Bakterijska PPI u poslednjih godinu dana 2,70 1,61-4,54 <0,001
Učestalost upotrebe rekreativnih droga 0,59 0,41-0,88 0,009

Tabela 3. Rezultati multivarijantne logističke regresione analize* (ispitanici koji su praktikovali hem-
seks vs. ispitanici koji nisu praktikovali hemseks) 

PPI – polno prenosive infekcije; *Prema rezultatima multivarijantne logističke regresione analize
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general MSM population or patients from clinics 
for sexually transmitted diseases). A systematic 
literature review has shown that the prevalence 
of chemsex in the MSM population ranges from 
10% to 94% (2). According to the results of our 
study, 26.2% of MSM practiced chemsex, which 
is in correlation with the results of other studies 
conducted among patients from clinics for 
venereal diseases.

Among MSM who visited clinics for venereal 
diseases in Dublin, 27% practiced chemsex (11), 
and in Great Britain 21.8% of patients (1). A 
slightly smaller percentage of MSM who practiced 
chemsex, was registered among patients from 
clinics for venereal diseases in Amsterdam – 17.6% 
(12), and Oslo – 17% (13). In our study, the largest 
number of participants (84.6%) used GHB/GBL. The 
majority of studies described that this drug was 

= 3.23; 95CI=1.64-6.25; p=0.001) and group sex 
during the last six months (OR=4.35; 95%CI=2.38-
7.69; (p < 0.001), consumed a greater amount of 
alcohol (OR=2.50; 95%CI=1.54-4.00; (p<0.001) 
and they had more often one of STIs in the last 
year (OR=2.70; 95%CI=1.61-4.54; p < 0.001). The 
frequency of recreational drug use was lower in 
persons who practiced chemsex (OR = 0.59; 95%CI 
0.41-0.88; p = 0.009).

Discussion
Although a large number of studies have been 

conducted on the prevalence of chemsex in the 
population of MSM, their results are difficult to 
compare due to different study methods related 
to the definition of sexualized drugs (narrower 
or broader sense), as well as related to the 
characteristics of participants (members of the 
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Variable Engaged 
in chemsex* 

(n=123)
 No (%)

Not engaged 
in chemsex 

(n=346)
 No (%)

p value**

Number of sex partners in the last six months:
1-3
4-9
10+

29 (23.6)
39 (31.7)
55 (44.7)

188 (54.3)
101 (29.2)
57 (16.5)

<0.001

Condomless anal sex in the last six months 109 (88.6) 213 (6.6) <0.001
Group sex in the last six months 72 (58.5) 50 (14.5) <0.001

Bacterial STI diagnosis in the last year 65 (52.8) 90 (26.0) <0.001
Current bacterial STI diagnosis 65 (52.8) 113 (32.7) <0.001
Recurrent bacterial STI 34 (27.6) 25 (7.2) <0.001

Table 2. Distribution of participants who practiced chemsex and those who did not according to 
their sexual activity, sexual risk behaviours and diagnosis of bacterial STI

STI - Sexually Transmitted Infections; *Use of one of more of GHB/GBL, crystal methamphetamine, mephedrone, 
ecstasy, amphetamine, cocaine and ketamine. **According to univariate logistic regression analysis 

Varijable Unakrsni odnos 95% interval 
poverenja

p vrednost*

Employed 2.50 1.19-5.26 0.015

Number of sex partners in the last six months 1.39 1.14-1.72 0.002

Condomless anal sex in the last six months 3.23 1.64-6.25 0.001 

Group sex in the last six months 4.35 2.38-7.69 <0.001

Alcohol consumption 2.50 1.54-4.00 <0.001

Bacterial STI diagnosis in the last year 2.70 1.61-4.54 <0.001

Frequency of recreational drug use 0.59 0.41-0.88 0.009

Table 3. Results of multivariate logistic regression analysis* (participants who practiced chemsex vs. 
participants who did not practice it)

STI – Sexually transmitted infection; *According to the results of multivariate logistic regression analysis



18

Zdravstvena zaštita 53(1), 2024

jske PPI u toku poslednjih godinu dana što je u ko-
relaciji sa podacima iz literature (1,6,11-13). Glynn 
i saradnici (11) su opisali da je ⅓ MSM osoba koje 
su praktikovale hemseks imala više od 10 partnera 
tokom prethodne godine i nije koristila kondom 
tokom analnog seksualnog odnosa. Prema po-
dacima Druckler-a i saradnika 42,4% osoba koje 
su praktikovale hemseks u Amsterdamu je imala 
više od 16 partnera tokom poslednjih šest meseci 
i 84,3% njih nije koristilo kondom za analni seks 
(12). Istraživanje sprovedeno u Oslu je pokazalo 
da je 60% MSM osoba koje su praktikovale hem-
seks imalo preko 11 seksualnih partnera tokom 
prethodnih godinu dana a 84% njih je učestvovalo 
u grupnom seksu (13). Naši ispitanici koji su prak-
tikovali hemseks su češće bili HIV pozitivni, koristili 
su PrEP i posetili su našu ustanovu zbog simptoma 
PPI ili izlaganja PPI. Ovo je u skladu sa rezultatima iz 
Amsterdama gde je 1/3 osoba koje su praktikova-
le hemseks bila HIV pozitivna, 25,5% ispitanika je 
koristilo PrEP i došli su kod lekara zbog simptoma 
PPI ili izlaganja PPI (12). Hagazi i saradnici su obja-
vili da su HIV pozitivne MSM osobe znatno češće 
praktikovale hemseks u odnosu na HIV negativne 
osobe (14). Više od polovine naših ispitanika koji su 
praktikovali hemseks imali su neku bakterijsku PPI 
u prethodnih godinu dana, a sifilis je bio najčešće 
registrovan. Rezultati studije koje su sproveli Glynn 
i saradnici (11) su pokazali da je 47% MSM osoba 
koje su praktikovale hemseks lečeno od neke bak-
terijske PPI, a gonoreja je bila najčešće dijagnos-
tikovana. Istraživanje iz Norveške (13) je pokazalo 
da je među osobama koje su praktikovale hemseks 
najčešće dijagnostikovana hlamidijaza (26,4%).

Upotreba veće količine alkohola među našim 
ispitanicima koji su praktikovali hemseks mogla se 
i očekivati s obzirom na to da je konzumiranje alko-
hola prepoznato kao faktor koji dodatno doprinosi 
riziku za dobijanje PPI i HIV-a (20,21).

Češća upotreba rekreativnih droga među 
našim ispitanicima koji nisu praktikovali hemseks 
mogla bi se objasniti činjenicom da su oni koristili 
znatno češće kanabis (57,1% ih je koristilo 2 do 3 
puta nedeljno, a 87,5% više od 4 puta nedeljno). 
Kanabis je najčešće korišćena rekreativna droga 
u Srbiji (8) i druga po učestalosti korišćenja među 
MSM populacijom (22). Bruce i saradnici su opisali 
da 23% MSM osoba svakodnevno koristi kanabis 
(20). Nisu postojale razlike među našim ispitani
cima prema podatku o poslednjem seksualnom 
odnosu kada nisu koristili nikakve droge. Većina 

(12). Podaci iz istraživanja sprovedenog u Australiji 
pokazali su da je samo 5,4% MSM osoba koristi-
lo GHB/GBL (15). Iako je upotreba amfetamina 
zabeležena kod samo 2,3% naših ispitanika, ova 
droga je na drugom mestu po učestalosti upotrebe 
tokom hemseksa – koristi je i do 22% osoba (16) a 
najčešće se unosi intravenskim putem (17). Prema 
rezultatima našeg istraživanja niko od ispitanika 
nije upotrebljavao intravenske droge u toku pos-
lednjih šest meseci.

GHB/GBL predstavlja noviju psihoaktivnu sup-
stancu u Republici Srbiji koja je veoma popularna 
među MSM populacijom (9). I pored pozitivnih 
efekata na seksualno ponašanje (povećava seksu-
alno zadovoljstvo i redukuje inhibicije) ova droga 
može izazvati zavisnost a predoziranje je praćeno 
povraćanjem, problemima sa disanjem, haluci-
nacijama i gubitkom svesti, a može nastupiti i smrt 
(18). S obzirom na to, lekari i korisnici ove droge u 
našoj sredini bi trebalo da budu dobro upoznati sa 
njenim neželjenim dejstvima.

Upotreba većeg broja droga (tri ili više) tokom 
hemseksa je registrovana kod 62,6% naših ispitan-
ika i predstavlja prediktor za visoko rizično seksu-
alno ponašanje i PPI (19). Sewell i saradnici (1) su 
opisali u svojoj studiji da je 25% MSM osoba koris-
tilo veći broj droga. Istraživanje sprovedeno u Ve-
likoj Britaniji među 1.138 MSM osoba je pokazalo 
da je 47% ispitanika koristilo tri i/ili više droga, a 
čak 21% je koristilo pet i/ili više različitih psihoak-
tivnih supstanci (19).

Prema rezultatima našeg istraživanja osobe 
koje su praktikovale hemseks u odnosu na one 
koje ga nisu praktikovale su bile znatno češće 
zaposlene, imale su veći broj seksualnih partnera 
u toku prethodnih šest meseci, praktikovale su 
grupni seks i analne seksualne odnose bez upotre-
be kondoma, konzumirale su veće količine alkoho-
la i znatno češće imale neku bakterijsku PPI u pos-
lednjih godinu dana. Jedino je učestalost upotrebe 
rekreativnih droga bila manja u grupi osoba koje 
su praktikovale hemseks.

Podatak da su korisnici hemseksa bili znatno 
češće zaposleni i imali redovan prihod mogla bi ob-
jasniti njihovu veću mogućnost da nabave droge. 
Visok stepen zaposlenosti MSM osoba koje prak-
tikuju hemseks registrovan je i u Velikoj Britaniji – 
79,7% (1) i Norveškoj – 83,9% (14).

Prema našim rezultatima MSM osobe koje su 
praktikovale hemseks imale su visoko rizično sek-
sualno ponašanje i češće su obolevale od bakteri-
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According to our results, MSM who practiced 
chemsex were engaged in high-risk sexual behavior 
and suffered from bacterial STIs more often in the 
last year, which is in correlation with literature 
data (1,6,11-13). Glynn et al (11) described that 
1/3 of MSM who practiced chemsex had more 
than 10 partners during the previous year and did 
not use a condom during anal sexual intercourse. 
According to the data of Druckler et al, 42.4% of 
persons who practiced chemsex in Amsterdam had 
more than 16 partners during the last six months 
and 84.3% of them did not use a condom for anal 
sex (12). A study, which was conducted in Oslo, 
showed that 60% of MSM who practiced chemsex 
had more than 11 sexual partners during the last 
year and 84% of them participated in group sex 
(13). Our participants who practiced chemsex 
were more often HIV positive, they used PrEP and 
they visited our institution due to the symptoms 
of STIs or exposure to STIs. This is in accordance 
with the results from Amsterdam where 1/3 of 
persons who practiced chemsex were HIV positive, 
25.5% of participants used PrEP and they visited 
doctors due to the symptoms of STIs or exposure 
to STIs (12). Hagazi and associates published 
that HIV positive MSM significantly more often 
practiced chemsex in comparison to HIV negative 
persons (14). More than half of our participants 
who practiced chemsex had some bacterial STI 
in the previous year, while syphilis was registered 
most frequently. The results of a study by Glynn et 
al. (11) showed that 47% of MSM who practiced 
chemsex were treated for some bacterial STI, 
while gonorrhea was most frequently diagnosed. 
A study from Norway (13) showed that Chlamydia 
(26.4%) was most frequently diagnosed among 
persons who practiced chemsex.

The use of a greater amount of alcohol among 
our participants who practiced chemsex could 
be expected because alcohol consumption is 
recognized as a factor that additionally contributes 
to the risk of getting STI and HIV (20,21).

The frequent use of recreational drugs among 
our participants who did not practice chemsex 
could be explained by the fact that they used 
cannabis significantly more often (57.1% used 
them 2 to 3 times a week, and 87.5% more than 
4 times a week). Cannabis is the most frequently 
used recreational drug in Serbia (8) and the second 
most frequently used in the MSM population (22). 
Bruce et al. described that 23% of MSM used 

most often used among users of services of clinics 
for venereal diseases, that is, in 57% of patients 
in Dublin (11), 56% in Brighton (14) and 93% in 
Amsterdam (12). Data from one study, which was 
conducted in Australia, showed that only 5.4% 
of MSM used GHB/GBL (15). Although the use of 
amphetamine was registered only in 2.3% of our 
participants, this drug takes second place according 
to the frequency of use during chemsex – it is used 
by up to 22% of people (16), and it is most often 
administered intravenously (17). According to the 
results of our study, none of the participants used 
intravenous drugs in the last six months.

GHB/GBL is a newer psychoactive substance 
in the Republic of Serbia, which is very popular in 
the population of MSM (9). Although it has some 
positive effects on sexual behavior (increases sexual 
pleasure and reduces inhibitions), this drug can 
cause addiction, while overdose is accompanied by 
vomiting, problems with breathing, hallucinations, 
loss of consciousness, and death can occur, as well 
(18). Therefore, doctors and users of this drug in 
our environment should be well aware of its side 
effects.

The use of a larger number of drugs (three or 
more) during chemsex was registered in 62.6% 
of our participants and it is a predictor of high-
risk sexual behavior and STIs (19). Sewell et al. 
(1) described in their study that 25% of MSM 
used more drugs. A study, which was conducted 
in Great Britain among 1,138 MSM, showed that 
47% of participants used three and/or more drugs, 
and even 21% used five and/or more different 
psychoactive substances (19).

According to the results of our study, 
the participants, who practiced chemsex in 
comparison to those who did not practice it, 
were employed significantly more often, had a 
greater number of sexual partners during the 
last six months, practiced group sex and anal sex 
without condoms, consumed greater amounts of 
alcohol and had a bacterial STI significantly more 
often in the last year. Only the frequency of use 
of recreational drugs was lower in the group of 
persons who practiced chemsex.

The fact that the users of chemsex were 
employed significantly more often and had a 
regular income could explain the greater possibility 
of acquiring drugs. A high level of employment of 
MSM who practiced chemsex was also registered in 
Great Britain – 79.7% (1) and Norway – 83.9% (14).

Health Care 53(1), 2024
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pružanju psihološke podrške korisnicima. Saveto-
vanje pacijenata o delovanju ovih droga bi trebalo 
da se ponudi svim pacijentimakoji dolaze u klinike 
za polne prenosive bolesti. 
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naših ispitanika (oko 70%) je rekla da su poslednji 
seks bez upotrebe droga imali tokom prethodnih 
mesec dama, što je u skladu sa podacima iz Am-
sterdama gde je ovaj broj iznosio 87% (12).

U našem istraživanju nova bakterijska PPI je 
registrovana kod 52,8% ispitanika koji su prak-
tikovali hemseks. Čak 27,6% njih je pripadalo oso-
bama sa ponovnim obolevanjem od bakterijske 
PPI u poslednjih godinu dana, a sifilis je registro-
van kod 35% ispitanika. Visoka prevalencija sifilisa 
je u skladu sa epidemiološkom situacijom u našoj 
zemlji, gde je ova bolest u kontinuiranom poras-
tu naročito među pripadnicima MSM populacije 
(23). Ranije sprovedena studija u Beogradu (24) 
među osobama sa ponovnim obolevanjem od PPI 
je pokazala da ove osobe praktikuju visoko rizič-
na seksualna ponašanja, češće koriste alkohol i 
psihoaktivne supstance i imaju specifične dimen-
zije ličnosti koje prate niska tolerancija frustracija 
i agresivno ponašanje. Naime, ponašanje osoba 
koje ponovno obolevaju od PPI je u skladu sa nji-
hovim samokonceptom ličnosti što čini njihov tret-
man otežanim i ukazuje na značaj primene preven-
tivnih mera za PPI (24).

Glavno ograničenje našeg istraživanja je to što 
je sprovedeno među pacijentima koji su dolazili u 
zdravstvenu ustanovu, te je pitanje da li se dobi-
jeni rezultati moguodnositi i na opštu MSM popu-
laciju u Srbiji.

Zaključak
MSM osobe koje praktikuju hemseks imaju 

visoko rizično seksualno ponašanje i češće obole-
vaju od bakterijskih PPI. Sve više prisutan fenomen 
hemseksa među MSM populacijom ukazuje na 
značaj podizanja svesti o ovoj pojavi kako među 
pripadnicima ove vulnerabilne grupe, tako i među 
zdravstvenim radnicima. Poruke o štetnosti hem-
seksa trebalo bi da dopru do što većeg broja 
pripadnika MSM populacije kako preko javnih 
zdravstvenih servisa, tako i preko društvenih 
mreža i nevladinih organizacija koje rade sa ovom 
osetljivom populacijom. MSM osobe bi trebalo da 
budu upoznate sa činjenicom da je praktikovanje 
hemseksa povezano sa visoko rizičnim seksualnim 
ponašanjem i prenošenjem PPI, kao i sa nastan-
kom zavisnosti, predoziranjem pa čak i smrtnim 
ishodom. Zdravstveni radnici koji rade sa MSM 
populacijom bi trebalo da budu edukovani o de-
jstvima seksualizovanih droga i da budu obučeni u 
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as addiction, overdose and even death. Healthcare 
workers who work with the MSM population 
should be educated about the effects of sexualized 
drugs and trained to provide psychological support 
to users. Patient counseling about the effects of 
these drugs should be offered to all patients who 
come to clinics for venereal diseases.             
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SAŽETAK

Uvod/Cilj: Menadžment u zdravstvu igra ključnu ulogu u unapređenju poslovanja zdravstvenih ustanova, 
integraciji tehnologije i razvoju ljudskih resursa. Cilj našeg istraživanja je bio da se ispitaju stavovi 
zaposlenih u Zavodu za antirabičnu zaštitu - Pasterov zavod, Novi Sad (ZARZ Pasterov zavod, Novi Sad) 
o samoj organizaciji, organizacionoj klimi (tj. atmosferi i odnosima koji vladaju u organizaciji među 
zaposlenima, prvenstveno između rukovodilaca i ostalih članova kolektiva) i rukovođenju. 
Metode: Sprovedeno je istraživanje među 19 zaposlenih, na platformi Google form, koristeći modifikovanu 
verziju upitnika The Work Design Questionnaire koji sadrži 8 demografskih pitanja o ispitaniku i 26 
pitanja (tvrdnji) koja se odnose na predmet istraživanja. Respondenti, koji su činili 86,4% od ukupno 22 
zaposlena, iskazali su nivo saglasnosti sa tvrdnjom koristeći skalu sa ocenamaod 1 do 5.
Rezultati: Većina ispitanika smatra da su funkcije, ciljevi i odgovornosti unutar Pasterovog zavoda-Novi 
Sad, jasno definisani. Stav zaposlenih je da postoji prostor za povećanje učešća zaposlenih u donošenju 
odluka. 
Zaključak: Neophodno je uvođenje participativnijeg pristupa u procesu donošenja odluka u ustanovi 
i implementacija mera usmerenih ka maksimalnom korišćenju sposobnosti zaposlenih, unapređenju 
komunikacije i informisanja zaposlenih, uključivanje zaposlenih u proces odlučivanja, jačanju međusobnog 
poverenja i razvoju timskog duha kako bi se unapredila efikasnost ustanove i postiglo održivo poboljšanje 
organizacione klime i rada rukovodstva u Pasterovom zavodu-Novi Sad.

Ključne reči: upravljanje u zdravstvu, organizaciona struktura, angažovanost zaposlenih, organizaciona 
klima
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ORIGINALNI RAD

Uvod
Menadžment u zdravstvu predstavlja instru-

ment za unapređenje poslovanja zdravstvenih 
ustanova i značajan je faktor za podsticaj i primenu 
tehnologije, znanja i veština. Zadatak zdravstvenog 
menadžmenta je razumevanje zahteva i potre-
ba i praćenje teorijskih i praktičnih trendova u 
ovoj oblasti, kao i pronalaženje modela za imple-
mentaciju dostignuća iz oblasti menadžmenta u 
delatnost zdravstvenih ustanova (1).

Organizovanje je aktivnost menadžmenta koja 
obezbeđuje skladno povezivanje ljudi koji pribavl-

jaju, raspoređuju i koriste sredstva za rad i materi-
jal u cilju uspešnog poslovanja preduzeća (2). Zas-
niva se na podeli rada između učesnika u procesu 
poslovanja sa ciljem stvaranja organizacione struk-
ture koja obuhvata aktivnosti i odnose zaposlenih i 
upravlja ljudskim resursima u cilju uspešnog poslo-
vanja na duže staze (3). 

Sve organizacije obuhvataju tri ključna ele-
menta, i to: ciljeve, strukturu i ljude (4). Kada se 
analizira celokupna problematika organizacije, 
može se zaključiti da ona predstavlja namerno 
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SUMMARY

Introduction/Aim: Management in healthcare plays a pivotal role in enhancing the operations of 
healthcare institutions, integrating technology, and developing human resources. The aim of our research 
was to examine the attitudes of employees in the Institute for anti-rabies protection - The Pasteur 
Institute, Novi Sad towards the organization itself, organizational climate (atmosphere and relations 
between employees, primarily managers and other members of the collective) and management.
Methods: A survey was conducted among 19 employees, using the GoogleForms platform, employing a 
modified version of The Work Design Questionnaire, which includes 8 demographic questions about the 
respondent and 26 questions related to the research topic. Respondents, constituting 86.4% of the total 
of 22 employees, expressed their agreement with the statements using a scale with grades from 1 to 5.
Results: The majority of respondents believe that functions, goals, and responsibilities within the Pasteur 
Institute, Novi Sad are clearly defined. The position of the employees is that there is room for increasing 
the participation of employees in decision-making.
Conclusion: It is necessary to introduce a more participatory approach in the decision-making process in 
the institution and implement measures aimed at the maximum use of employees' abilities, improvement 
of communication and information of employees, involvement of employees in the decision-making 
process, strengthening of mutual trust and development of team spirit in order to improve the efficiency 
of the institution and achieve sustainable improvement of organizational climate and leadership work in 
the Pasteur Institute, Novi Sad.

Keywords: Healthcare Management; Organizational Structure; Employee Engagement; Organizational 
Climate
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ORIGINAL ARTICLE

Introduction
Management in healthcare represents an 

instrument for improving the business operations 
of health institutions and it is an important 
factor for the encouragement and application of 
technology, knowledge and skills. The task of health 
management is to understand the requirements 
and needs and to follow theoretical and practical 
trends in this field, as well as to find models for the 

implementation of achievements from the field of 
management in the field of health institutions (1).

Organization is the management activity that 
ensures the harmonious connection of people 
who acquire, distribute and use resources and 
materials, which is aimed at successful business 
operations (2). It is based on the division of labor 
between the participants in the business process 
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konstruisani i veštački dizajniran entitet. Osnovne 
razlike između savremenih i tradicionalnih orga-
nizacija se mogu sagledati na osnovu više pos-
tulata, u zavisnosti koliki je fokus na podeli rada, 
centralizaciji i rasponu kontrole. Sam izbor organi-
zacionog modela nije jednostavan i na njega utiču 
mnogi faktori poput veličine organizacije, delatno-
sti kojom se preduzeće bavi, kao i geografska ras-
prostranjenost preduzeća (5). 

U Pasterovom zavodu zastupljen je participa-
tivni stil upravljanja. Ovaj stil primenjuju šefovi 
službi koji prikupljaju ideje od zaposlenih u svojim 
službama. S druge strane, zaposleni učestvuju u 
donošenju odluka, ali samo delimično, u granica-
ma koje postavlja lider. Pored participativnog stila 
upravljanja, Pasterov zavod odlikuje linijska orga-
nizaciona struktura, koja potpada pod tradiciona-
lne modele organizacionih struktura. 

Takva organizaciona struktura predstavlјa bazu 
za sve ostale modele koji svoje funkcionisanje zas-
nivaju na hijerarhiji odnosa i odgovornosti položa-
ja unutar organizacije. Osnovu ovog modela čini 
hijerarhijski odnos svake pozicije u organizaciji, 
gde je svaki hijerarhijski nivo pod kontrolom višeg. 
Ova karakteristika pojednostavlјuje komunikaci-
one linije i lanac upravljanja, jer su za sve pozicije 
jasno određene odgovornosti. Ipak, ne postoji de-
talјna podela rada pa jedna osoba može raditi više 
različitih poslova. U skladu s time, za poslove izvan 
ovlašćenja pojedinca je odgovoran nadređeni na 
istoj liniji rukovođenja. 

Utvrđivanje stila upravljanja, kao i adekvatnost 
odnosa rukovodstva sa zaposlenima u zdravst-
vanim ustanovama je od strateške važnosti za 
poslovanje same ustanove (5). Funkcija organizo-
vanja je važna za svako preduzeće i ona se ne za-
vršava definisanjem organizacione strukture, već 
je neophodna tokom čitavog postojanja preduzeća 
zbog dinamike savremenog poslovanja.

Cilj našeg istraživanja je bio da se ispitaju 
stavovi zaposlenih u Zavodu za antirabičnu zaštitu 
- Pasterov zavod, Novi Sad (ZARZ Pasterov zavod, 
Novi Sad) o samoj organizaciji, organizacionoj klimi 
(tj. atmosferi i odnosima koji vladaju u organizaciji 
među zaposlenima, prvenstveno između rukovodi-
laca i ostalih članova kolektiva) i rukovođenju.

Metode
Istraživanje je sprovedeno u periodu 21– 

28.03.2023. godine u vidu anonimne ankete na 
platformi Google form, gde je zaposlenima data 

mogućnost da se izjasne odgovaranjem na pitanja 
na temu samoprocene o načinu upravlјanja i orga-
nizovanja u zdravstvenoj ustanovi, u vidu deskrip-
tivne studije. Anketni upitnik je modifikovana vezija 
upitnika The Work Design Questionnaire (6) i sadrži 
8 pitanja koja se odnose na osnovne demografske 
podatke o zaposlenom i 26 pitanja (tvrdnji) koja se 
odnose na predmet istraživanja (Prilog 1). Pored 
svake stavke nalazi se skala sa ocenama (Likertova 
skala) od 1 do 5, koje treba zaokružiti u skladu sa 
stepenom u kojem se ispitanik slaže sa navedenim 
tvrdnjama: 1 – uopšte se ne slažem; 2 – ne slažem 
se; 3– niti se slažem, niti se ne slažem; 4 – slažem 
se; 5 – potpuno se slažem.

Istraživanje je sprovedeno u zdravstvenoj 
ustanovi kombinovane zdravstvene zaštite ZARZ 
Pasterov zavod, Novi Sad. Uzorak se sastojao od 
19 ispitanika, što je predstavlјalo reprezentativan 
uzorak od ukupno 22 zaposlena (19/22; 86,4%). 
Upitnici su podelјeni među zaposlenim radnici-
ma ustanove i u cilјu dobijanja što objektivnijih 
rezultata, istraživanje je obuhvatilo zaposlene iz 
različitih sektora, odnosno radnih jedinica i različi-
tih nivoa organizacione strukture od rukovodioca 
do izvršioca. Odgovarali su na pitanja zdravstveni 
radnici svih profila stručnosti raznih medicinskih 
specijalnosti (lekari-specijalisti, na specijalizaci-
ji, lekari opšte medicine, viši medicinski kadrovi, 
srednji medicinski kadrovi), zaposleni iz upravlјač
kog menadžmenta, tehničko osoblјe ZARZ Paster-
ov zavod, Novi Sad i ostali koji obavlјaju poslove 
koji nisu iz oblasti medicine. Izbor anketiranih rad-
nika nije formiran prema određenom kriterijumu, 
već je istraživanje sprovedeno po principu sluča-
jnog uzorka.

Kompletna statistička analiza podataka je 
urađena u programu za statističku analizu Graph-
Pad Prism verzija 8.0.1 (GraphPad Software Inc., 
La Jolla, Kalifornija, Sjedinjene Američke Države). 
Sve atributivne varijable su predstavlјene u obliku 
frekfencija pojedinih kategorija, a statistička 
značajnost učestalosti između pojedinih kategorija 
je testirana kombinovanim χ² testom sa post hok 
analizom. Yates-ova korekcija je korišćena uslučaju 
da je zapojedinu varijablu zabeleženo 5 ili manje 
unosa. 

Ovo istraživanje je izvršeno u skladu sa Helsinš-
kom deklaracijom i odobreno od strane Etičkog 
odbora ZARZ Pasterov zavod Novi Sad (odobrenje 
broj 10-110/1 od 17.03.2023. godine).
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with the aim of creating an organizational structure, 
which includes activities and relations between 
employees and manages human resources aimed 
at successful business operations on a long-term 
basis (3).

All organizations include three key elements: 
goals, structure and people (4). When the issue 
of organization is analyzed as a whole, it can 
be concluded that it represents a deliberately 
constructed and artificially designed entity. The 
basic differences between modern and traditional 
organizations can be perceived based on several 
postulates, depending on how much they focus on 
division of labor, centralization and span of control. 
The choice of the organizational model itself is not 
simple and it is influenced by numerous factors 
such as the size of the organization, the activities 
it is engaged in, as well as the geographical span of 
the organization (5).

The participatory management style is present 
in the Pasteur Institute. This style is applied by 
heads of departments who collect ideas from 
employees in their departments. On the other 
hand, employees participate in decision-making, 
but only partially, within the limits set by the 
leader. In addition to the participatory style of 
management, the linear organizational structure 
is characteristic of the Pasteur Institute, and it falls 
under the traditional models of organizational 
structures.

Such an organizational structure is the basis 
for all other models that base their operations on 
the hierarchy of relationships and responsibilities 
of positions within that organization. The basis 
of this model is the hierarchical relationship of 
each position within the organization, where each 
hierarchical level is under the control of a higher 
one. This characteristic facilitates communication 
lines and the chain of management, because all 
positions have clearly defined responsibilities. 
However, there is no detailed division of labor, 
and therefore, one person can do several different 
jobs. Accordingly, the superior on the same line of 
management is responsible for tasks beyond the 
authority of an individual. 

Determining the management style, as well as 
the adequacy of relations between management 
and employees in healthcare institutions is of 
strategic importance for the operations of the 
institution itself (5). The organizing function is 
important for every company and it does not end 

with the definition of organizational structure, but 
it is necessary throughout the entire existence 
of the company due to the dynamics of modern 
business.

The aim of our study was to examine the 
attitudes of employees at the Institute for Anti-
Rabies Protection – Pasteur Institute, Novi Sad 
towards the organization itself, organizational 
climate (atmosphere and relations that prevail 
in the organization among employees, primarily 
between managers and other members of the 
collective) and management.

Methods
The research was conducted as a descriptive 

study in the period March 21st - March 28th, 2023 
using the anonymous survey on the platform 
Google form, where the employees were given the 
opportunity to answer self-assessment questions 
about management and organization in the 
healthcare institution. The survey questionnaire is 
a modified version of the questionnaire The Work 
Design Questionnaire (6) and it includes 8 questions 
related to the basic demographic data about the 
employee and 26 questions (statements) related 
to the subject of the study (Appendix 1). Next to 
each item there is a scale with marks (Likert scale) 
from 1 to 5, which should be circled according 
to the degree to which the respondent agrees 
with the given statements: 1 – Strongly disagree; 
2 – Disagree; 3 – Neither agree nor disagree; 4 – 
Agree; 5 – Strongly agree.

The study was conducted in the health 
institution of combined healthcare, the Pasteur 
Institute in Novi Sad. Of the total of 22 employees, 
the sample included 19 respondents, which 
was a representative sample (19/22; 82.4%). 
The questionnaires were handed out among 
the employees of the institution and in order to 
obtain as objective results as possible, the study 
included different sectors, that is, work units and 
different levels of organizational structure, from 
managers to employees. Health workers of all 
profiles belonging to different medical specialties 
(doctors-specialists, doing specialization, general 
practitioners, medical staff who graduated from 
vocational academies, and medical staff with 
secondary education), employees from the 
management sector, technical staff from the 
Pasteur Institute, Novi Sad and other non-medical 
staff answered the questions. The selection of 
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naspram svih drugih opcija. Definisanje funkcije 
zaposlenih je rezultat administrativnog delovanja 
i može se smatrati faktorom koji na zaposlenog 
deluje spolja i nije pod uticajem pojedinca, već ce-
lokupnog rukovodstva (7). Stavovi zaposlenih uka-
zuju da je rukovodstvo ZARZ Pasterov zavod, Novi 
Sad adekvatno izvršilo procenu karakteristika po-
jedinaca i u skladu s time definisalo njihove funk-
cije. U prilog poziciji da je rukovodstvo ZARZ Pas-
terov zavod, Novi Sad izvršilo primerenu procenu 
zaposlenih je i najučestaliji stav da su njihovi ciljevi 
konkretni, da imaju efikasan sistem rada, kao i da 
su im odgovornosti precizno definisane. 

S druge strane, nije uočena značajna razlika u 
učestalosti specifičnog stava po pitanju tvrdnji da 
se sposobnosti ljudi koriste do maksimuma, kao i 
da je svaki korak njihovog radnog procesa neopho-
dan. Izostanak homogenosti u stavovima prema 
ovim tvrdnjama indikuje da postoji prostor za po-
boljšanje rada rukovodstva u ovim poljima, te da 
treba razmotriti postojanje potrebe za reevaluaci-
jom korišćenja radnih kapaciteta pojedinaca, kao 
i identifikacija faza rada koje zaposleni smatraju 
suvišnim, nakon čega treba izvršiti analizu potrebe 
za uklanjanjem istih.

Izostanak homogenosti u stavu kolektiva je 
uočen i kod tvrdnje da svi zaposleni imaju mo-
gućnost da utiču na odluke. Takav nalaz traži 
pažnju rukovodstva, s obzirom da ograničenje 
zaposlenih u okvirima odlučivanja dovodi do os-
ećaja nedostatka kontrole nad radnom sredinom, 
čineći pojedinca osetljivim na stresore koji in-
dukuju sindrom sagorevanja (8,9). Učestvovanje 
zaposlenih u odlučivanju o pitanjima koja se tiču 
radnog okruženja igra važnu ulogu u prevenciji 
sindroma sagorevanja i osećaja opterećenja (8,9).
Protektivni efekat sposobnosti odlučivanja o svom 
radu je jasno prikazan na modelu četiri obrazovne 
bolnice u Ardabilu (Islamska Republika Iran) (10), 
gde je uočeno da su medicinske sestre znatno za-
dovoljnije svojim poslom u poređenju sa adminis-
trativnim radnicima. Iako je mentalno opterećenje 
medicinskih sestara značajno veće u odnosu na 
administrativne radnike, one takođe ostvaruju i 
veću kontrolu nad svojim poslom u poređenju sa 
kohortom iz administracije (10).

Jedno od mogućih rešenja za poboljšanje za-
tečene situacije je revizija organizacione strukture 
ustanove po službama, kao i kontrolisanje da li se 
održavaju redovni sastanci šefova sa zaposlenima u 
službama. Uzevši u obzir veličinu kolektiva, postoji 

Rezultati
Većinu ispitanika su činile osobe ženskog pola 

(13/19;68,4%). Ipak, statistički značajna razlika 
u učestalosti ženskog naspram muškog pola nije 
uočena (χ²(1) = 1,30; p > 0,05). Najviše ispitnika 
je pripadalo starosnim kategorijama 28-37 godina 
(7/19; 36,8%) i 38-47 godina(7/19; 36,8%). Uočena 
je statistički značajna razlika u učestalosti staros-
nih kategorija (χ²(4) = 11,3; p < 0,05).

Prosečna dužina radnog staža zaposlenih je 
bila 16,2 godina (95%CI: 14,8-17,6 godina). Naj
više zaposlenih je imalo dužinu radnog straža od 
11 do 15 godina (6/19; 31,6%) i 6-10 godina (5/19; 
26,32%). Iako nije uočena značajna razlika u dužini 
radnog staža među zaposlenima (χ²(5) = 10,1; p > 
0,05).

Najviše zaposlenih je imaloo brazovanjena 
nivou srednje škole (7/19; 36,8%) i visoke škole 
(6/19; 31,6%), dok su prirodne nauke bile na-
jučestalija klasifikacija (10/19; 52,6%). Većina 
ispitanika (11/19; 57,9%) se izjasnila da je tokom 
rada uZARZ Pasterov zavod, Novi Sad napredovala. 
Nije uočena značajna razlika u učestalosti pojed-
inih kategorija nivoa obrazovanja (χ²(3) = 4,36; p 
> 0,05), pripadnosti kategoriji zanimanja (χ²(3) = 
2,11; p > 0,05), kao ni u učestalosti napredovanja 
među zaposlenima (χ²(1) = 0,47; p > 0,05).

Najviše zaposlenih je bilo u kategoriji radnika  
(13/19; 68,4%), dok su po 2 ispitanika imala niži, 
srednji i viši nivo organizacione strukture (2/19; 
10,5%). Posledično uočena je značajna razlika u 
distribuciji zaposlenih prema nivou organizacione 
strukture (χ²(3) = 17,4; p < 0,05). Svi ispitanici su 
se izjasnili da rade u državnom tipu organizacije ili 
javnom preduzeću (19/19; 100%).

Od ukupno 26 tvrdnji ponuđenih u upitniku,  
značajna razlika u distribuciji odgovora je iden-
tifikovana u 16 tvrdnji (Tabela 1). Najučestaliji 
stavovi zaposlenih kod svih tvrdnji su bili afirma-
tivni (tj. „Potpuno se slažem” i/ili „Slažem se”), 
osim kod tvrdnje „Imamo poverenja jedni u druge” 
gde se podjednak broj ispitanika (n = 6) izjasnio sa 
„Slažem se” i „Ne slažem se”.

Diskusija
Većinaza poslenih je smatrala da u organizaci-

ji ZARZ Pasterov zavod, Novi Sad postoje jasno 
definisane funkcije zaposlenih. Ta tvrdnja je jedina 
u kojoj je stav kolektiva izuzetno homogen, te je 
posledično uočena i visoko značajna razlika u 
učestalosti stava „Slažem se”i „Potpuno se slažem” 
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The majority of employees were in the 
category of workers (13/19; 68.4%), whereas 2 
respondents had a lower, middle and higher level 
of organizational structure (2/19; 10.5%). As a 
result, a significant difference was observed in the 
distribution of employees according to the level 
of organizational structure (χ2(3) = 17.4; p < 005). 
All respondents stated that they worked in state 
organizations or public companies (19/19; 100%).

Out of the total of 26 statements offered 
in the questionnaire, a significant difference in 
the distribution of responses was identified in 
16 cases (Table 1). The most frequent views of 
employees for all statements were affirmative 
(I strongly agree and/or I agree), except for the 
statement “We trust each other”, where the equal 
number of respondents (n = 6) chose “I agree” and 
“I disagree”.

Discussion
The majority of employees think that 

employees’ functions are clearly defined in the 
organization of the Pasteur Institute in Novi Sad. 
This is the only statement in which the attitude 
of the collective is extremely homogenous, and 
consequently, a highly significant difference was 
observed in the frequency of the attitude “I agree” 
and “I strongly agree” compared to all other 
options. Defining the employees’ function is the 
result of administrative actions and can be a factor 
that has influence on the employee from outside 
and is not under the influence of an individual, but 
the entire management (7). The employees’ views 
indicate that the management of the Pasteur 
Institute in Novi Sad made adequate estimates of 
the individual characteristics and in accordance 
with that defined their functions. The position 
that the management of the Pasteur Institute in 
Novi Sad made adequate estimates of employees 
is supported by the most frequent views that their 
goals are concrete, that they have an efficient 
system of work and that their responsibilities are 
precisely defined.

On the other hand, there was no significant 
difference in the frequency of specific attitude 
regarding the statements that people’s abilities 
are used to the maximum, as well as that every 
step of their work process is necessary. The 
absence of homogeneity of attitudes towards 
these statements indicates that there is room 

surveyed employees was not based on a certain 
criterion, however, the study was conducted 
according to the principle of random sampling.

The complete statistical analysis of data was 
carried out in the program for statistical analysis 
GraphPad Prism version 8.0.1 (GraphPad Software 
Inc., La Jolla, California, the United States of 
America). All attribute variables were presented 
in the form of frequencies of certain categories, 
while the statistical significance of the frequency 
between certain categories is tested with a χ2 
test with post hoc analysis. Yates’s correction 
was used when 5 or fewer entries were recorded 
for a particular variable. The existence of trends 
between certain groups of variables was examined 
using the correlation method. The analysis of the 
frequency of parameters was estimated at the 
level of statistical significance of p < 0.05. 

This study was conducted in accordance with 
the Helsinki Declaration and approved by the 
Ethics Committee of the Pasteur Institute Novi Sad 
(number 10-110/1, March 17th, 2023). 

Results
The majority of respondents were female 

(13/19; 68.4%). However, statistically significant 
difference between the frequency of female and 
male gender was not noticed (χ2(1) = 1.30; p > 0.05). 
The majority of respondents belonged to the age 
groups 28-37 years (7/19; 36.8%) and 38-47 years 
(7/19; 36.84%). Statistically significant difference 
was observed in the frequency of age groups (χ2(4) 
= 11.3; p < 0.05).

The average length of service was 16.21 
years (95% CI: 14.8 – 17.6 years). The majority of 
employees worked from 11 to 15 years (6/19; 31.6%) 
and 6-10 years (5/19; 26.3%). Although there was no 
significant difference regarding the length of service 
between the employees (χ2(5) = 10.12; p > 0.05).

The majority of employees had secondary 
school (7/19; 36.8%) and university education 
(6/19; 31.6%), while natural sciences were the 
most frequent classification (10/19; 52.6%). The 
majority of respondents (11/19; 57.9%) stated 
that they were promoted during their work at 
the Pasteur Institute in Novi Sad. There was no 
significant difference in the frequency of certain 
categories of educational levels (χ2(3) = 4.36; p 
> 0.05), category of occupation (χ2(3) = 2.11; p > 
0.05), as well as in the frequency of advancement 
(χ2(1) = 0.47; p > 0.05) among the employees.
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Redni 
broj

Tvrdnja Najučestaliji stav Hi-kvadrat test

1. Naši radni zadaci su jasno definisani Slažem se (9/19; 47,4%)
Potpuno se slažem (8/19; 42,1%)

χ²(4) = 19,68;
p < 0,001 **

2. Naši cilјevi su konkretni Potpuno se slažem (11/19; 57,9%) χ²(4) = 12,9;
p < 0,05 *

3. Naše odgovornosti su precizno definisane Potpuno se slažem (11/19; 57,9%) χ²(4) = 12,9;
p < 0,05*

4. Sposobnosti lјudi se koriste do maksimuma Potpuno se slažem (7/19; 36,8%)
Slažem se (7/19; 36,8%)

χ²(4) = 7,83;
p > 0,05

5. Držimo sastanke koji su produktivni Slažem se (9/19; 47,4%) χ²(4) = 11,75;
p < 0,05*

6. Zadatke obavlјamo u predviđenom roku Potpuno se slažem (10/19; 52,6%) χ²(4) = 26,25;
p < 0,05*

7. Imamo efikasan sistem rada Slažem se (9/19; 47,4%) χ²(4) = 11,75;
p < 0,05*

8. Svesni smo faza u kojima dolazi do najdužihz astoja u radnom 
procesu

Potpuno se slažem (8/19; 42,1%)
Slažem se (8/19; 42,1%)

χ²(4) = 15,25;
p < 0,05*

9. Posao se obavlјa logičnim tokom Slažem se (11/19; 57,9%) χ²(4) = 21,25;
p < 0,05*

10. Svaki korak našeg radnog procesa je neophodan Slažem se (8/19;42,1%) χ²(4) = 9,25; 
p > 0,05

11. Ljudi koji rade na međusobno povezanim poslovima smešteni 
su blizu jedno drugom

Potpuno se slažem (9/19; 47,4%) χ²(4) = 18,25;
p < 0,05*

12. Sjajno je raditi u firmi kao aktivan član: zato što nam je 
zabavno

Potpuno se slažem (7/19; 36,8%)
Slažem se (7/19; 47,4%)

χ²(4) = 9,75;
p < 0,05*

13. Sjajno je raditi u firmi kao aktivan član: proslavlјamo uspehe Slažemse (10/19;52,6%) χ²(4) = 12,58;
p < 0,05*

14. Sjajno je raditi u firmi kao aktivan član: jedni druge tretiramo 
kao ljude, a ne samo kao brojke

Slažem se (8/19; 52,63%) χ²(4) = 8,83;
p > 0,05*

15. Sjajno je raditi u firmi kao aktivan član: svi imaju mogućnost 
da utiču na odluke

Slažem se (6/19; 31,6%) χ²(4) = 4,08;
p > 0,05

16. Sjajno je raditi u firmi kao aktivan član: imamo pravila 
ponašanja kojih se ridržavamo

Slažem se (10/19; 52,6%) χ²(4) = 14,75;
p < 0,05*

17. Sjajno je raditi u firmi kao aktivan član: imamo poverenja 
jedni u druge

Slažem se (6/19; 31,6%)
Ne slažem se (6/19; 31,6%)

χ²(4) = 4,33;
p > 0,05

18. Rukovodstvo naše firme: zainteresovano je za ono što mi 
imamo da kažemo

Slažem se (10/19;52,6%) χ²(4) = 22,25;
p < 0,05*

19. Rukovodstvo naše firme: konsultuje nas pre nego što se odluči 
za neku promenu koja će direktno uticati na naš rad

Potpuno se slažem (7/19; 36,8%)
Slažem se (7/19; 36,8%)

χ²(4) = 9,5;
p < 0,05*

20. Rukovodstvo naše firme: vodi računa o tome da nam prepusti 
i interesantne poslove

Slažem se (7/19; 36,8%) χ²(4) = 6,83;
p > 0,05

21. Rukovodstvo naše firme: podstiče timski rad Potpuno se slažem (8/19; 42,1%) χ²(4) = 6,83;
p > 0,05

22. Rukovodstvo naše firme: ponaša se kao trener (posvećuje 
dovolјno vremena da bi nas obučilo za neke klјučne operacije)

Potpuno se slažem (7/19; 36,8%) χ²(4) = 6,52;
p > 0,05

23. Rukovodstvo naše firme: brine o našem profesionalnom 
razvoju u okviru firme

U potpunosti se slažem (10/19; 52,6%) χ²(4) = 19,25;
p < 0,05(*)

24. Rukovodstvo naše firme: rado sa nama deli važne informacije U potpunosti se slažem (7/19; 47,4%)
Slažem se (7/19; 36,8%)

χ²(4) = 9,08;
p > 0,05

25. Rukovodstvo naše firme: osobe su koje poštujem U potpunosti se slažem (14/19; 73,7%) χ²(4) = 34,25;
p < 0,05(*)

Tabela 1. Najučestaliji stavovi zaposlenih (n=19) o načinu upravljanja i organizovanja procesa rada u 
Zavodu za antirabičnu zaštitu - Pasterov zavod, Novi Sad

*razlika u učestalosti stavova je značajna; **razlika u učestalosti stavova je visoko značajna.
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Ordinal 
number

Statement The most frequent view chi-squared test

1. Our work tasks are clearly defined I agree (9/19; 47.4%)
I strongly agree (8/19; 42.1%)

χ²(4) = 19.68;
p < 0.001 **

2. Our goals are specific I strongly agree (11/19; 57.9%) χ²(4) = 12.9;
p < 0.05 *

3. Our responsibilities are clearly defined I strongly agree (11/19; 57.9%) χ²(4) = 12.9;
p < 0.05*

4. People’s abilities are used to the maximum I strongly agree (7/19; 36.8%)
I agree (7/19; 36.8%)

χ²(4) = 7.83;
p > 0.05

5. We hold meetings that are productive I agree (9/19; 47.4%) χ²(4) = 11.75;
p < 0.05*

6. We perform tasks within the scheduled deadline I strongly agree (10/19; 52.6%) χ²(4) = 26.25;
p < 0.05*

7. We have an efficient system of work I agree (9/19; 47.37%) χ²(4) = 11.75;
p < 0.05*

8. We are aware of the phases with the longest delays in the 
work process

I strongly agree (8/19; 42.1%)
I agree (8/19; 42.11%)

χ²(4) = 15.25;
p < 0.05*

9. The work is done in a logical way I agree (11/19; 57.9%) χ²(4) = 21.25;
p < 0.05*

10. Each step of our work process is necessary I agree (8/19; 42.1%) χ²(4) = 9.25; 
p > 0.05

11. People working in interrelated jobs are located close to 
each other

I strongly agree (9/19; 47.4%) χ²(4) = 18.25;
p < 0.05*

12. It is great to work in the company as an active member: 
because it is fun

I strongly agree (7/19; 36.8%)
I agree (7/19; 47.4%)

χ²(4) = 9.75;
p < 0.05*

13. It is great to work in the company as an active member: we 
celebrate success

I agree (10/19; 52.6%) χ²(4) = 12.58;
p < 0.05*

14. It is great to work in the company as an active member:
we treat each other as people, not just numbers

I agree (8/19; 52,63%) χ²(4) = 8,83;
p > 0,05*

15. It is great to work in the company as an active member: 
everyone is given the opportunity to influence decision

I agree (6/19; 31.6%) χ²(4) = 4.08;
p > 0.05

16. It is great to work in the company as an active member: we 
have rules that we adhere to

I agree (10/19; 52.6%) χ²(4) = 14.75;
p < 0.05*

17. It is great to work in the company as an active member: we 
trust each other

I agree (6/19; 31.6%)
I disagree (6/19; 31.6%)

χ²(4) = 4.33;
p > 0.05

18. Management of our company: is interested in what we have 
to say

I agree (10/19; 52.6%) χ²(4) = 22.25;
p < 0.05*

19. Management of our company: consults us before deciding 
on  a change that will directly affect our work

I strongly agree (7/19; 36.8%)
I agree (7/19; 36.8%)

χ²(4) = 9.5;
p < 0.05*

20. Management of our company: takes care to leave 
interesting jobs to us

I agree (7/19; 36.8%) χ²(4) = 6.83;
p > 0.05

21. Management of our company encourages teamwork I strongly agree (8/19; 42.1%) χ²(4) = 6.83;
p > 0.05

22. Management of our company: acts like a coach (dedicates 
enough time to train us for some key operations)

I strongly agree (7/19; 36.8%) χ²(4) = 6.52;
p > 0.05

23. Management of our company: takes care of our professional 
development within the company

I strongly agree (10/19; 52.6%) χ²(4) = 19.25;
p < 0.05(*)

24. Management of our company: is happy to share important 
information with us

I strongly agree (7/19; 47.4%)
I agree (7/19; 36.8%)

χ²(4) = 9.08;
p > 0.05

25. I respect the management of our company I strongly agree (14/19; 73.7%) χ²(4) = 34.25;
p < 0.05(*)

Table 1. The most frequent views of employees (n = 19) regarding the ways of managing and organizing 
the work process in the Institute for Anti-Rabies Protection – Pasteur Institute, Novi Sad

 *difference in the frequency of views is significant; **difference in the frequency of views is highly significant.
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pomoći zdravstvenim ustanovama da se brzo prila-
gode situacijama koje se razvijaju, kao što su krize 
javnog zdravlja ili promene u demografiji pacijena-
ta. Sa jasnim ulogama i odgovornostima, zdravstve-
ni timovi mogu pojednostaviti komunikaciju i koor-
dinaciju, što dovodi do efikasnije nege pacijenata. 
Naglasak holakratije na stalnom poboljšanju može 
doprineti unapređenju procesa zdravstvene zaštite 
(15). Krugovi u holakratiji olakšavaju kolaborativne 
napore među zdravstvenim timovima. Poboljšana 
komunikacija i zajedničke odgovornosti mogu pod-
staći kulturu timskog rada, što dovodi do zdravst-
venih ishoda pacijenata (16). Autonomija koju daje 
holakratija može podstaći zdravstvene radnike da 
istraže inovativna rešenja za izazove nege pacije-
nata. Ovo može rezultirati implementacijom novih 
i efikasnih zdravstvenih usluga.

Pored toga, eksplicitna definicija uloga i odgov-
ornosti holakratije obezbeđuje jasnu odgovornost, 
što je ključno za održavanje standarda bezbed-
nosti pacijenata, te može pomoći u sprečavanju 
grešaka i poboljšanju kvaliteta nege (17). S druge 
strane, kod zdravstvenih radnika koji su navikli na 
tradicionalne hijerarhijske strukture prelazak na 
holakratiju mogao bi naići na otpor. Prevazilaže
nje ovog otpora zahteva efikasne strategije upra-
vljanja promenama, a tranzicija može biti složena i 
može zahtevati značajno vreme i resurse za obuku 
i adaptaciju. Ako uloge i odgovornosti nisu dobro 
definisane ili ako je prisutan nedostatak komunik-
acije, postoji rizik od nastajanja nedosledne nege 
pacijenata. Zdravstvene ustanove moraju osigurati 
da se standardi nege pacijenata održavaju tokom 
tranzicije. Integracija holakratije u zdravstvenu 
ustanovu može predstavljati izazove u koegzis-
tenciji sa postojećim hijerarhijskim strukturama. 
Balansiranje novog pristupa sa tradicionalnim lini-
jama izveštavanja zahteva pažljivo razmatranje od 
strane menadžmenta.

Ograničenja sprovedene studije su ta da je u 
anketi učestvovao mali broj ispitanika, zaposlenih 
u ZARZ Pasterov zavod, Novi Sad. 

Zaklјučak
Na osnovu sprovedenog istraživanja o stavovi-

ma zaposlenih u ZARZ  Pasterov zavod, Novi Sad o 
samoj organizaciji, klimi u organizaciji i rukovođen-
ju može se zaključiti da većina zaposlenih smatra 
da su njihove funkcije jasno definisane, ciljevi 
konkretni, odgovornosti zaposlenih u organizaciji 
precizno definisane, kao i da je atmosfera u orga-

mogućnost da je problem u komunikaciji i izjašnja-
vanju vezan za samo jednu službu, a ne celokupnu 
organizaciju, te je dalja analiza neophodna radi 
utvrđivanja koje su prepreke kod pojedinih zapos-
lenih da iskažu svoje mišlјenjei zašto smatraju da 
se njihovo mišlјenje ne uvažava u toku odlučivanja.

Uključivanje zdravstvenog osoblja u planiranje 
i implementaciju inovacija u tehnološkim i drugim 
organizacionim promenama ustanove je izuzetno 
važno. Iz perspektive zadovoljstva poslom, in-
formisanje zaposlenih o predstojećim prome-
nama najkorisnije je u ranijim fazama promene. 
Oni zdravstveni radnici koji su dobili informacije 
o organizacionim promenama u fazi planiranja 
promene osećali su se više poštovanim, imali su 
jači kolegijalni kapital, bili su zadovoljniji uticajem 
na radnom mestu i bili su zadovoljniji svojim me-
nadžerima (11,12).

Analizom rezultata iz oblasti klime u organi-
zaciji većinom odgovora ispitanika utvrđujemo da 
u organizaciji preovladava podsticajna atmosfera. 
Ipak, rezultati samoprocene ukazuju da je potreb-
no raditi na povećanju poverenja među zaposlen-
ima. To se može postići projektovanjem svakog 
zaposlenog pojedinačno da se razvija u pravcu 
profesionalca, i da se razvija timski duh u svakoj 
službi, gde bi zajednički cilј i interes bili glavna 
preokupacija zaposlenih.

Da bi se pobolјšao protok informacija po-
trebno je uticati na brzinu, kompletnost i jasnoću 
tokova informacija među zaposlenima, uzevši u 
obzir veliku mogućnost uticaja komunikacije na or-
ganizaciono ponašanje (13). 

Globalizacija i napredak u informacionim teh-
nologijama i komunikacijama postavljaju izazove 
pred tradicionalne modele centralizovanog upra-
vljanja. Evidentna je potreba za decentralizacijom 
u upravljanju zdravstvenim uslugama, gde se kao 
rešenje nudi model holakratije (14).

U kontekstu COVID-19 pandemije, nameće 
se pitanje o koristima autonomije u upravljanju 
zdravstvenim sistemima, koje naglašava značaj 
decentralizacije u rešavanju hitnih situacija.Pred-
nosti primene holakratije u zdravstvenoj ustanovi 
su višestruke. Holakratija omogućava distribuira-
no donošenje odluka, omogućavajući zdravst-
venim radnicima na različitim nivoima da donesu 
pravovremene odluke u okviru svojih uloga (14). 
Ovo može poboljšati odgovor na potrebe paci-
jenata i poboljšati ukupnu zdravstvenu zaštitu. 
Fleksibilnost i prilagodljivost holakratije mogu 
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healthcare workers who received information 
about organizational changes in the phase of 
planning of that change felt more respected, had a 
stronger collegial capital, were more satisfied with 
their influence in the workplace, and were more 
satisfied with their managers (11,12).

The analysis of results in the field of organizational 
climate showed, in the majority of respondents’ 
answers, that a stimulating atmosphere prevails 
in the organization. Nevertheless, the results of 
self-assessment indicate that work is needed 
to increase trust among employees. This can 
be achieved by supporting each employee to 
develop professionally, while team spirit should be 
developed in each department, where common 
goals and interests would be the employees’ main 
concern.

In order to improve the flow of information, it 
is necessary to influence the speed, completeness 
and clarity of the flow of information among 
employees, considering the great possibility of 
influence of communication on organizational 
behavior (13).

Globalization and progress in information 
technologies and communications pose challenges 
to traditional models of centralized management. 
The need for decentralization in managing 
healthcare services is evident, where the holacracy 
model is offered as a solution (14).

In the context of Covid-19 pandemic, the 
question arises about the benefits of autonomy 
in the management of health systems, which 
emphasizes the importance of decentralization in 
solving emergency situations. The advantages of 
applying holacracy in healthcare institutions are 
multiple. Holacracy enables distributed decision-
making, allowing health workers at different 
levels to make timely decisions within their roles 
(14). This can improve the response to patients’ 
needs and improve the overall healthcare. The 
flexibility and adaptability of holacracy can 
help health care institutions to adapt quickly to 
evolving situations, such as public health crises 
or changes in patients’ demography. With clear 
roles and responsibilities, health care teams can 
facilitate communication, which leads to more 
efficient patient care. The emphasis of holacracy 
on constant improvement can contribute to the 
improvement of healthcare process (15). Circles 
in holacracy facilitate collaborative efforts in 
healthcare teams. The improved communication 

for improving the management’s work in these 
fields, and that the existence of need for the re-
evaluation of individual work capacities should be 
considered, as well as the identification of work 
phases that are thought to be redundant by the 
employees, after which the analysis of the need to 
remove them should be carried out.

The absence of homogeneity in the attitude of 
the collective was also observed for the statement 
that all employees have the opportunity to influence 
decisions. This finding requires the attention of 
the management, considering that the limitation 
of employees in decision-making processes leads 
to the feeling of lack of control over the work 
environment, thus making an individual sensitive 
to stressors that induce burnout syndrome (8,9). 
The participation of employees in making decisions 
about questions related to the work environment 
plays an important role in the prevention of 
burnout syndrome and feeling of a heavy workload 
(8,9). The protective effect of the ability to make 
decisions about one’s work is clearly shown in 
the model of four educational hospitals in Ardabil 
(Islamic Republic of Iran) (10), where it was found 
that nurses were significantly more satisfied with 
their work compared to administrative workers. 
Although the mental workload is significantly 
higher compared to administrative workers, 
they also exercise more control over their work 
compared to the administrative cohort (10).

One of the possible solutions to improve the 
existing situation is the revision of organizational 
structure of the institution by departments, as well 
as controlling whether regular meetings of heads 
with employees in departments are held. Taking 
into consideration the size of the collective, there 
is a possibility that the problem in communicating 
and expressing one’s opinion is related only to 
one service and not the entire organization, and 
further analysis is necessary in order to determine 
what the obstacles for individual employees to 
express their opinions are and why they think that 
their opinion is not taken into consideration when 
decisions are made.

The inclusion of health personnel in the 
planning and implementation of innovations in 
technological and other organizational changes 
in the institution is extremely important. As far 
as job satisfaction is concerned, informing the 
employees about upcoming changes is most 
useful in the earlier phases of change. Those 
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nizaciji podsticajna. Medjutim, postoji nedostatak 
homogenosti u stavovima zaposlenih po pitanjima 
korišćenja njihovih sposobnosti do maksimuma, 
neophodnosti svakog koraka njihovog radnog pro-
cesa, postojanja mogućnosti da svi zaposleni utiču 
na odluke u ustanovi, postojanja poverenja jednih 
u druge, kao i po pitanjima informisanja zaposlen-
ih od strane rukovodstva i komunikacije.

Neophodno je uvođenje participativnijeg 
pristupa u procesu donošenja odluka u ustanovi 
i implementacija mera usmerenih ka korišćen-
ju sposobnosti zaposlenih do maksimuma, uk-
ljučivanju svih zaposlenih u proces odlučivanja u 
ustanovi, jačanju međusobnog poverenja i razvoju 
timskog rada, informisanja zaposlenih od strane 
rukovodstva i komunikacije, kako bi se unapredila 
efikasnost ustanove i postiglo održivo poboljšanje 
organizacione klime i rada rukovodstava u ZARZ 
Pasterov zavod, Novi Sad.
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and shared responsibilities can foster a culture of 
teamwork, which leads to better health outcomes of 
patients (16). The autonomy provided by holacracy 
can encourage healthcare professionals to explore 
innovative solutions to challenges related to patient 
care. This can result in the implementation of new 
and efficient health services. 

In addition, the explicit definition of roles 
and responsibilities of holacracy ensures clear 
accountability, which is crucial for maintaining 
standards of patient safety, and therefore, it can 
help prevent errors and improve the quality of care 
(17). On the other hand, the transition to holacracy 
could be met with resistance by healthcare workers 
who are used to traditional hierarchical structures. 
Efficient strategies of managing changes are 
necessary to overcome this resistance, and 
the transition can be complex and may require 
significant time and resources for training and 
adaptation. If roles and responsibilities are not 
well defined or if there is a lack of communication, 
there is a risk of inconsistent patient care. Health 
care institutions must ensure that standards of 
patient care are maintained during the transition. 
Integrating holacracy into a health care institution 
may be challenging in coexistence with existing 
hierarchical structures. Balancing the new 
approach with traditional reporting lines requires 
careful consideration by management.

The limitations of the conducted study are that 
a small number of respondents, employees of the 
Pasteur Institute in Novi Sad, participated in the 
study. 

Conclusion
Based on the conducted research on the 

attitudes of the employees of the Pasteur Institute 
in Novi Sad towards the organization itself, 
organizational climate and management, it can be 
concluded that the majority of employees believe 
that their functions are clearly defined, their goals 
are concrete, the employees’ responsibilities in the 
organization are precisely defined, as well as that 
the atmosphere in the organization is stimulating. 
However, there is a lack of homogeneity of 
employees’ attitudes towards issues related to the 
use of their abilities to the maximum, necessity 
of each step of their work process, the existence 
of the possibility that all employees participate in 
decision-making processes in the institution, the 
existence of trust in each other, as well as towards 

issues related to information provided by the 
management and communication.

It is necessary to introduce a more participatory 
approach in the decision-making process within 
the institution and implement measures aimed 
at using employees’ abilities to the maximum, 
involving all employees in the decision-making 
process in the institution, strengthening mutual 
trust and developing teamwork, informing the  
employees and improving communication, in 
order to improve the efficiency of the institution 
and achieve the sustainable improvement of 
organizational climate and managers’ work in the 
Pasteur Institute in Novi Sad.
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SAŽETAK

Uvod/Cilj: Nije u potpunosti jasno koji početni simptomi mogu biti prediktori loših ishoda COVID-19 
bolesti. Cilj ove studije je bio da identifikuje početne simptome i znake COVID-19 bolesti povezane sa 
potrebom  lečenja u jedinici intenzivne nege (JIN) i smrtnim ishodom.
Metode: Sprovedena je retrospektivna analiza pacijenata koji su hospitalizovani u dve zdravstvene 
ustanove (u Beogradu i Somboru) od marta 2021. do aprila 2022. godine. Podaci su prikupljeni iz 
elektronske medicinske dokumentacije. Glavni ishodi bili su lečenje i umiranje u JIN. Korišćen je Koksov 
proporcionalni regresioni model kako bi se identifikovali početni simptomi i znaci COVID-19 povezani sa 
lečenjem i umiranjem u JIN.
Rezultati: U ovom istraživanju učestvovalo je 457 pacijenata. Prosečna starost pacijenata iznosila je 
63,77±13,75 godina. Najčešći početni simptomi i znaci COVID-19 bili su febrilnost (85,1%), kašalj (77,2%) 
i malaksalost (54,5%). Najređi početni simptomi bili su promuklost (2,8%), teškoće pri gutanju (2,8%) i 
svrab očiju (1,7%). Model korigovan na relevantne faktore pokazao je da su stariji uzrast i bol u grudima 
nezavisno povezani sa potrebom za lečenjem u JIN. Takođe, stariji urast, otežano disanje, glavobolja i 
dijareja, kao i odsustvo nazalne kongestije, bili su nezavisni prediktori smrtnog ishoda.
Zaključak: Rezultati ove studije ukazuju na važnost pažljivog praćenja i brze intervencije kod pacijenata 
koji se javljaju sa bolom u grudima, otežanim disanjem, glavoboljom, dijarejom, posebno ako se radi o 
starijim osobama.

Ključne reči: COVID-19, prognoza, jedinica intezivne nege, smrtni ishod, simptomi.
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ORIGINALNI RAD

Uvod
Iako većina ljudi koji se zaraze koronavirus-

nom bolešću 2019 (COVID-19) imaju blagu kliničku 
sliku, pojedini pacijenti, posebno oni koji već imaju 
hronične bolesti, mogu razviti teške komplikacije, 
kao što su respiratorna insuficijencija, aritmije, 
septički šok, bubrežnu insuficijenciju, kardiova-
skularno oštećenje, ili disfunkcija jetre (1,2). Iako je 
nazofarinks primarno mesto ulaska prouzrokovača 
COVID-19, nedavna studija je pokazala da osobe 
koje su zaražene koronavirusom 2 izazivačem 
teškog akutnog respiratornog sindroma (SARS-

CoV-2) retko imaju simptome u nivou gornjih disa-
jnih puteva na samom početku kliničke faze bolesti 
(3). Najčešći početni simptomi COVID-19 podra-
zumevaju febrilnost, kašalj, mijalgiju ili umor, gubi-
tak čula ukusa i mirisa (4,5), koji se javljaju prilikom 
infekcije svim varijantama SARS-CoV-2.

Međutim, teško je razlikovati koji od ovih simp-
toma bi mogao biti najjači prediktor loših ishoda 
COVID-19. Prethodno istraživanje je pokazalo da 
ljudi koji imaju otežano disanje i bol u grudima 
imaju veće šanse za razvoj teške forme infekcije 
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SUMMARY

Introduction/Aim: It is not entirely clear what initial symptoms could predict poorer COVID-19 outcomes. 
The purpose of this study was to identify the initial COVID-19 symptoms associated with the need for an 
intensive care unit (ICU) treatment and having fatal outcomes of COVID-19.
Methods: A retrospective analysis was conducted on patients who were hospitalized in two health 
care facilities (in Belgrade and Sombor) from March 2021 to April 2022. Data were collected from the 
electronic medical records. The main outcomes were treatment in the ICU and ICU mortality. The Cox 
proportional hazard model was used to identify the initial COVID-19 symptoms associated with the ICU 
treatment and mortality.
Results: This research included 457 patients. The average age of patients was 63.77±13.75 years. The 
most common initial symptoms of COVID-19 were fever (85.1%), cough (77.2%), and fatigue (54.5%). 
The least common initial symptoms were hoarseness (2.8%), difficulty swallowing (2.8%), and eye itching 
(1.7%). The adjusted model showed that being older and having chest pain were independently associated 
with needing the ICU treatment. Furthermore, being older, having shortness of breath, headache and 
diarrhea, but absence of nasal congestion, were independently associated with poorer survival.
Conclusion: The results of this study emphasize the importance of vigilant monitoring and swift 
intervention in patients presenting with chest pain, shortness of breath, headache, and diarrhea, 
particularly among older people. 

Keywords: COVID-19, prognosis, intensive care unit, fatal outcome, symptoms.
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Introduction
Even though most people who catch 

coronavirus disease 2019  (COVID-19) have mild 
illness, certain individuals, particularly those who 
have preexisting chronic health conditions, may 
develop severe complications, such as such as 
respiratory failure, arrhythmias, septic shock, renal 
failure, cardiovascular damage, or liver dysfunction 
(1, 2). Although the nasopharynx is the primary 
portal of entry for causative agent of COVID-19, a 
recent study has shown that individuals who are 
infected with severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) seldom present upper 
respiratory symptoms at the very beginning of the 
clinical phase of the disease (3). Most common 
initial symptoms of COVID-19 include fever, cough, 
myalgia or fatigue, loss of sense of taste and smell 
(4, 5), and they are consistent across all variants of 
the SARS-CoV-2. 

However, it might be difficult to distinguish 
which of those symptoms could be the strongest 
predictor of poorer COVID-19 outcomes. 
Previous research found that people who present 
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COVID-19, jer ovi simptomi odgovaraju početnoj 
manifestaciji pneumonije (5). Početni simptomi 
COVID-19 mogu varirati u zavisnosti od vremena 
posmatranja što može dovesti do širokog spektra 
heterogenih nalaza (6). Ova varijabilnost je znača-
jna kako bi se definisali ključni početni simptomi 
povezani sa lošijim ishodima COVID-19 (6).

Imajući u vidu sve prethodno navedeno, cilj 
ove studije je bio da se utvrde početni simptomi 
i znaci  COVID-19 bolesti koji su povezani sa po-
trebom za lečenjem u jedinici intenzivne nege 
(JIN) i fatalnim ishodima kod osoba sa umereno do 
teškom COVID-19 bolešću.

Metod
Ova retrospektivna studija sprovedena je u 

dve zdravstvene ustanove: na Klinici za infektivne 
i tropske bolesti, Univerzitetskog Kliničkog Centra 
Srbije (UKCS) u Beogradu i u Opštoj bolnici „Dr 
Radivoj Simonović“ u Somboru. Ovo istraživanje je 
obuhvatilo pacijenate koji su primljeni na bolničko 
lečenje između 1. marta 2021. i 7. aprila 2022. 
Da bi bili uključeni u studiju, pacijenti su morali 
da ispune sledeće kriterijume: 1) potvrđena in-
fekcija SARS-CoV-2 metodom kvantitative polim-
erazne lančane reakcije (RT-PCR) ili antigenskim 
testom, 2) uzrast od 18 i više godina, 3) postojanje 
umerene do teške kliničke slike bolesti COVID-19, 
4) postojanje detaljne evidenciju početnih simpto-
ma u istoriji bolesti koja je dokumentovana prili-
kom prijema na bolničko lečenje, 5) imaju detaljnu 
evidenciju ishoda bolesti COVID-19 (prijem u JIN, 
smrtni ishod ili vreme otpusta).

Umereno teška klinička slika karakteriše se 
teškom hipoksijom koja zahteva: primenu kis-
eoničke terapije, prisustvom povišene telesne tem-
perature, pojavom višestrukih opacifikacija na rend-
genskom snimku pluća ili specifičnim promenama 
na plućima koje su uočljive na skeneru grudnog 
koša, kao i znacima citokinske oluje koja dovodi do 
pogoršanja opšteg stanja pacijenta uz nagli porast 
vrednosti bilo CRP, fibrinogena, D-dimera ili IL-6 (2). 
Teška klinička slika podrazumeva dalje napredova
nje citokinske oluje koja dovodi do nastanka akut-
nog respiratornog distres sindroma (2).

Određivanje veličine uzorka studije zasnivalo 
se na: 1) veličini populacije gradskog područja Beo-
grada (procenjeno na oko 1,4 miliona stanovnika) i 
veličini populacije Zapadnobačkog okruga (proce
njeno na oko 0,18 miliona stanovnika); 2) očekiva-

noj prevalenciji COVID-19 pozitivnih osoba kojima 
je potrebno bolničko lečenje (9% prema literaturi 
(7)), 3) intervalu poverenja od 95% i 4) verovatnoći 
alfa greške od 5%. Primenom ovih parametara, 
minimalna izračunata veličina uzorka je bila 126 
(https://www.calculator.net/sample-size-calcula-
tor.html). 

Ovo istraživanje je sprovedeno u skladu sa 
odredbama Helsinške deklaracije. Studiju je odo-
brio etički odbor UKCS (odobrenje br. 82/3-2023) i 
etički odbor Opšte bolnice „Dr Radivoj Simonović“ 
u Somboru (odobrenje br. 23-2171/2023-2). 

Demografski i klinički podaci su prikupljeni iz 
elektronske medicinske dokumentacije putem 
zdravstvenog informacionog sistema Heliant 
Health iz obe zdravstvene institucije. Demografs-
ki podaci uključivali su: pol, uzrast, glavne tegobe 
i fizikalni nalaz na prijemu, početne simptome 
bolesti COVID-19, kao i vakcinalni status protiv 
SARS-CoV-2. Početni simptomi COVID-19 infek-
cije koji su razmatrani u studiji bili su febrilnost, 
malaksalost, otežano disanje (dispneju), artalgiju, 
bol u grudima, gubitak apetita, glavobolju, dija
reju, anosmiju, kvantitativne poremećaje svesti, 
povraćanje, bol u leđima, kvantitativne poremeća-
je svesti, nazalnu kongestiju, promuklost, svrab 
oka i otežano gutanje. Kvantitativni poremeća-
ji svesti odnosili su se na smanjenje nivoa svesti 
kada je osoba budna, ali ima smanjenu reaktivnost 
na draži. S druge strane, kvalitativni poremećaji 
svesti uključivali su promene u stanju svesti, koje 
utiču na sadržaj tako i na jasnoću svesti (kao što su 
zbunjenost, uznemirenost i nemir).

Pacijenti su bili podeljeni u dve grupe u zavisno-
sti od toga da li su bili lečeni u JIN-e. U okviru pod-
grupe pacijenata lečenih u JIN-e, dalja klasifikacija 
je izvršena na osnovu ishoda lečenja, pri čemu su 
podeljeni dodatno i na pacijente koji su preživeli 
i na one koji nisu preživeli do kraja hospitalizaci-
je. Ove podgrupe su označene kao: 2a) preživeli iz 
JIN-e i 2b) pacijenti iz JIN-e koji nisu preživeli.

Statističke analize su sprovedene korišćenjem 
IBM SPSS verzije 17 (IBM Corp). Vrednost verovat-
noće p manja od 0,05 je smatrana statistički znača-
jnom. Deskriptivne karakteristike su prikazane 
korišćenjem srednjih vrednosti i standardnih devi-
jacija za kontinualne varijable, dok su frekvencije i 
procenti korišćeni za kategoričke vaijable.

Normalnost raspodele kontinualnih varijabli je 
procenjena pomoću Kolmogorov-Smirnov testa. 
Za proceni razlike normalno raspoređenih kon-
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with shortness of breath and chest pain have 
higher chances of developing severe COVID-
19 because these symptoms correspond to the 
initial presentation of pneumonia (5). The initial 
symptoms of COVID-19 may vary depending on the 
time of observation, and therefore generate a wide 
array of heterogeneous findings (6). This variability 
is relevant in efforts to define key symptoms 
associated with poorer COVID-19 outcomes (6). 

 Bearing in mind all mentioned above, the 
purpose of this study was to identify the initial 
COVID-19 symptoms associated with the need for 
the intensive care unit (ICU) treatment and fatal 
outcomes of COVID-19.

Methods
This retrospective study was conducted at two 

healthcare facilities: the Clinic for Infectious and 
Tropical Diseases, University Clinical Center of 
Serbia (UCCS) in Belgrade and the General Hospital 
"Dr Radivoj Simonovic" situated in Sombor. This 
research included patients admitted to hospital 
between March 1, 2021, and April 7, 2022. To be 
eligible for study participation, the patients had 
to meet the following criteria: 1) confirmed SARS-
CoV-2 infection by real-time reverse-transcription 
polymerase chain reaction (RT-PCR) or antigen 
testing, 2) being 18 years of age or older, 3) exhibit 
moderate to severe clinical forms of COVID-19 
disease, 4) have a detailed record of the initial 
symptoms in their medical history upon hospital 
admission 5) have a detailed record of COVID-
19 disease outcomes (ICU admission, vital status 
during hospital stay or time of discharge).

A moderately severe clinical presentation is 
characterized by severe hypoxia requiring: oxygen 
therapy, elevated body temperature, presence of 
multiple opacities on chest X-ray or specific lung 
changes visible on chest CT scan, signs of cytokine 
storm leading to worsening of patient's general 
health status with a sudden increase in either 
C-reactive protein (CRP), fibrinogen, D-dimer, 
or interleukin 6 (IL-6) levels (2). A severe clinical 
presentation includes further progression of the 
cytokine storm and possible acute respiratory 
distress syndrome (2). 

The calculation of the sample size was based on 
1) the size population of the Belgrade metropolitan 
area (approximately 1.4 million inhabitants) 
and the population of the West Bačka District 
(estimated at around 0.18 million inhabitants); 2) 

the prevalence of people severe COVID-19 who 
require hospitalization (9% as per literature (7));3) 
a 95% confidence interval, and 4) an alpha error of 
5%. Using these parameters, the minimum sample 
size was 126 participants (https://www.calculator.
net/sample-size-calculator.html). 

This study was conducted in line with the 
Helsinki Declaration. Ethical approval was granted 
by both the Ethics Committee of UCCS (approval 
no. 82/3-2023) and the Ethics Committee of 
the "Dr. Radivoj Simonovic" General Hospital in 
Sombor (approval no. 23-2171/2023-2). 

Demographic and clinical data were collected 
from electronic medical records using the Heliant 
Health information system from both health care 
institutions. The demographic data included: 
gender, age, chief complaints and physical findings 
upon admission as the initial COVID-19 symptoms 
and SARS-CoV-2 vaccination status. The initial 
symptoms of COVID-19 infection considered in the 
study were fatigue, shortness of breath, arthralgia, 
chest pain, loss of appetite, headache, diarrhea, 
anosmia, qualitative disturbance of consciousness, 
vomiting, back pain, quantitative disturbance 
of consciousness, nasal congestion, hoarseness, 
itching of the eye, and difficulty swallowing. 
Quantitative disturbances of consciousness 
referred to a decrease in consciousness levels 
when a person is awake, but has a diminished 
responsiveness. On the other hand, qualitative 
disturbances of consciousness involve changes 
in the state of consciousness, affecting both the 
content and clarity of consciousness (such as 
confusion, agitation and restlessness). 

Patients were divided into two groups based on 
whether they received the ICU treatment or not. 
Within the subgroup of patients treated in the ICU, 
a further classification was performed based on 
the treatment outcome, distinguishing between 
patients who survived the ICU treatment and those 
who did not. These subgroups were labeled as: 2a) 
ICU survivors and 2b) ICU non-survivors.

Statistical analyses were conducted using the 
IBM SPSS version 17 (IBM Corp). A p-value of less 
than 0.05 was considered statistically significant. 
Descriptive characteristics were reported using 
means and standard deviations for continuous 
variables, while frequencies and percentages were 
used for categorical variables.

The normality of distribution of parametric 
variables was assessed by the Kolmogorov-Smirnov 
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vakcinisana (332; 74,6%). Najčešći početni simp-
tomi su bili febrilnost (85,1%), kašalj (77,2%) i mal-
aksalost (54,5%). Nešto ređi simptomi uključivali su 
otežano disanje (27,4%), artalgiju (19,7%), nazalnu 
kongestiju (14,2%), bol u grudima (13,6%) i dijar-
eju (13,3%). Glavobolja (12,0%), gubitak apetita 
(12,0%), anosmija (11,1%) i bol u leđima (10,.5%) 
je navelo malo pacijenata. Najređi početni simp-
tomi bili su kvalitativni (7,6%) i kvantitativni (5,4%) 
poremećaji svesti, povraćanje (6,1%), promuklost 
(2,8%), otežano gutanje (2,8%) i svrab oka (1,7%). 
Distribucija simptoma prema polu prikazana je na 
slici 1. U proseku, pacijenti su primljeni u bolnicu 
5,2±1,9 dana od pojave simptoma. Takođe, sred-
nje vreme od pojave simptoma do smrti bilo je 
9,2±2,5 dana.

Pacijenti koji su lečeni u JIN-e češće su bili star-
iji (p=0,001) i češće nisu bili vakcinisani (p=0,005), 
češće su prijavljivali otežano disanje (p=0,018), 
bol u grudima (p=0,001) i anosmiju (p=0,019) kao 
početne simptome COVID-19, za razliku od paci-
jenata koji nisu bili lečeni u JIN-e. Ipak, značajne 
razlike u distribuciji ostalih početnih simptoma in-
fekcije SARS-CoV-2 nisu zabeležene (Tabela 1).

tinuiranih varijabli je korišćen t-test za dva neza-
visna uzorka, dok je za kontinuirane varijable koje 
nisu imale normalnu raspodelu korišćen dvostrani 
Man-Vitnijev test. Procena razlike za kategoričke 
varijable je izvršena uz pomoć Fišerovog testa 
tačne verovatnoće i hi-kvadrat testom. 

Koksov proporcijalni prediktivni model je ko-
rišćen za procenu faktora povezanih sa potrebom 
za lečenjem u JIN-u i smrtnim ishodom. Dimen-
zija vremena je obuhvatila dane od pojave prvih 
simptoma do analiziranih ishoda (lečenje u inten-
zivnoj nezi, smrt ili otpust iz bolnice). Najpre su 
analizirane sve demografske i kliničke varijable u 
univarijantnom modelu. Nakon testiranja nekoliko 
različitih pristupa multivarijantnom modelu, ut-
vrđeno je da je optimalni multivarijantni model bio 
standardni opšti model u kojem su sve demograf-
ske i kliničke karakteristike analizirane zajedno.

Rezultati
U studiju je uključeno 457 pacijenata. U uzorku 

je bilo nešto više žena u odnosu na muškarce 
(260; 56,9%). Prosečna starost ispitanika bila je 
63,77±13,75 godine. Većina pacijenata nije bila 
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(260; 56.9%). The average age of the study patients 
was 63.77±13.75 years. Most patients were not 
vaccinated (332;72.6%). The most frequent initial 
symptoms of COVID-19 were fever (85.1%), cough 
(77.2%), and fatigue (54.5%). Slightly less common 
symptoms included dyspnea (27.4%), arthralgia 
(19.7%), nasal congestion (14.2%), chest pain 
(13.6%) and diarrhea (13.3%). Headache (12.0%), 
loss of appetite (12.0%), anosmia (11.1%), and 
back pain (10.5%) were reported by few patients. 
The least frequent symptoms were qualitative 
(7.6%) and quantitative (5.4%) disturbances of 
consciousness, vomiting (6.1%), hoarseness (2.8%), 
swallowing difficulty (2.8%), and eye itching (1.7%). 
Distribution of symptoms according to gender is 
presented in Figure 1. On average, patients were 
admitted to hospital 5.2±1.9 days since the onset 
of symptoms. Also, mean time from the onset of 
symptoms until death was 9.2±2.5 days.

Patients treated in the ICU were older (p=0.001) 
and more often unvaccinated (p=0.005) compared 
to patients not needing the ICU treatment. Patients 
undergoing the ICU treatment more commonly 
reported shortness of breath (p=0.018), chest pain 

test. For normally distributed continuous variables, 
differences were assessed by the independent 
samples t-test, whereas non-normally distributed 
variables were analyzed using the nonparametric 
two-tailed Mann-Whitney test. Differences in 
categorical variables were evaluated using the 
Fisher's exact test and the Chi-square test. 

The Cox proportional hazard model was 
applied to identify factors associated with the 
need for ICU treatment and ICU mortality. The 
timeline included days from the first symptom 
onset until the observed outcomes (ICU 
treatment, death or hospital discharge). First, we 
tested all demographic and clinical parameters a 
univariate model. After testing several different 
approaches to a selective multivariate model, we 
determined that the optimum adjusted model 
was the overall model when all demographic and 
clinical characteristics (symptoms) were analyzed 
together.   

Results
A total of 457 patients were included in the 

study. There were slightly more women than men 
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jno povezani sa potrebom za lečenjem u JIN-e, 
prema rezultatu univarijantne analize. U multivar-
ijantnoj analizi, stariji uzrast i bol u grudima, kao 
početni simptom COVID-19, ostali su značajno ne-
zavisno povezani sa potrebom za lečenjem u JIN-e 
(Tabela 3).

Od 125 pacijenata koji su imali potrebu za nas-
tavkom lečenja u JIN-e,  64 je  umrlo, što je pred-
stavlja letalitet u JIN-u od 51,2%. Na osnovu univar-
ijantnog Koksovog proporcionalnog prediktivnog 
modela, stariji uzrast, dispneja, anosmija, kao i 
odsustvo temperature i nazalne kongestije, bili su 
značajno povezani sa smrtnošću u JIN-e. U multi-
varijantnom Koksovom proporcionalnom modelu, 

Pacijenti koji su preminuli u JIN-e češće su 
prijavljivali otežano disanje (p=0,001), dijareju 
(p=0,010) i anosmiju (p=0,001) u poređenju sa 
preživelim pacijentima u JIN-e. Pacijenti koji su 
se oporavili češće su imali febrilnost (p=0,005) i 
nazalnu kongestiju kao početne simptome COVID-
19 u poređenju sa pacijentima koji su preminuli u 
JIN-e. Ostale razlike u distribuciji početnih simpto-
ma nisu bile značajne (Tabela 2).

Tokom bolničkog lečenja 125 (27,3%) pacijena-
ta sa COVID-19-om prevedeno je u JIN, dok je preo-
stalih 332 (72,7%) pacijenata zbrinuto na opštim 
odeljenjima. Utvrđeno je da su stariji uzrast i bol u 
grudima kao početni simptom COVID-19 bili znača-

Potreba za nastavkom lečenja u JIN

Varijable Ne
N=332
n (%)

Da
N=125
n (%)

p vrednost

Pol
      Muški
      Ženski

145 (43,7)
187 (56,3)

52 (41,6)
73 (58,4)

0,223*

Uzrast, medijana (IKO) 61,0 (19,7) 74,0 (17,5) 0,001†

COVID-19 vakcinacija
      Da
      Ne

96 (28,9)
236 (71,7)

20 (16,0)
105 (84,0)

0,005*

Febrilnost 284 (85,5) 105 (84,0) 0,840*

Kašalj 259 (78,0) 94 (75,2) 0,643*

Malaksalost 167 (50,3) 66 (52,8) 0,554*

Dispneja 53 (42,4) 72 (57,6) 0,018*

Artalgija 63 (19,0) 27 (21,6) 0,529*

Bol u grudima 25 (7,5) 37 (29,6) 0,001*

Gubitak apetita 33 (9,9) 13 (10,4) 0,884*

Glavobolja 42 (12,7) 13 (10,4) 0,510*

Dijareja 45 (13,6) 16 (12,8) 0,833*

Anosmija 30 (9,0) 21 (16,8) 0,019*

Kvalitativni poremećaj svesti 26 (7,8) 9 (7,2) 0,821*

Povraćanje 23 (6,9) 5 (4,0) 0,245*

Bol u leđima 33 (9,9) 15 (12,0) 0,522*

Kvantitativni poremećaj sveti 15 (4,5) 10 (8,0) 0,145*

Nazalna kongestija 45 (13,6) 20 (16,0) 0,505*

Promuklost 9 (2,7) 3 (2,4) 0,487*

Konjunktivitis 7 (2,1) 1 (0,8) 0,456*

Otežano gutanje 9 (2,7) 4 (3,2) 0,779*

Tabela 1. Demografske i kliničke karakteristike ispitanika u odnosu na potrebu za nastavkom 
lečenja u jedinici intenzivne nege

JIN-jedinica intenzivne nege; IKO - interkvartilni opseg;*prema Hi kvadrat testu ili Fišerovom testu tačne vero-
vatnoće, † Man Vitnijev test; Podebljane vrednosti su statistički značajne
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During hospital stay, 125 (27.3%) COVID-19-
infected patients were transferred to the ICU, while 
the remaining 332 (72.7%) patients were treated 
on the floor. It was found that being older and 
having chest pain as the initial COVID-19 symptoms 
were univariately associated with needing the ICU 
care. In the multivariate analysis, being older and 
having chest pain as the initial COVID-19 symptoms 
remained independently associated with needing 
the intensive care (Table 3).

Of 125 patients requiring ICU treatment, a total 
of 64 deaths occurred, resulting in an ICU case-
fatality rate of 51.2%. Based on the univariate Cox 

(p=0.001), and anosmia (p=0.019) as the initial 
COVID-19 symptoms, unlike patients who were 
not in need of the ICU. However, differences in 
the distribution of other initial symptoms of SARS-
CoV-2 infection were not observed (Table 1). 

Patients who died in the ICU more often reported 
shortness of breath (p=0.001), diarrhea (p=0.010), 
anosmia (p=0.001), and nasal congestion (p=0.011) 
compared to the surviving patients. Patients who 
recovered more often had fever (p=0.005) as the 
initial COVID-19 symptom compared to patients 
who died. Other differences in the distribution of 
initial symptoms were not recorded (Table 2).

Need for treatment in ICU

Variable No
N=332

n (85.6%)

Yes
N=125

n (27.3%)

p value

Gender
      Male
      Female

145 (43.7)
187 (56.3)

52 (41.6)
73 (58.4)

0.223*

Age, median 61.0 (19.7) 74.0 (17.5) 0.001†

COVID-19 vaccination
      Yes
      No

96 (28.9)
236 (71.7)

20 (16.0)
105 (84.0)

0.005*

Fever 284 (85.5) 105 (84.0) 0.840*

Cough 259 (78.0) 94 (75.2) 0.643*

Fatigue 167 (50.3) 66 (52.8) 0.554*

Shortness of breath 53 (42.4) 72 (57.6) 0.018*

Arthralgia 63 (19.0) 27 (21.6) 0.529*

Chest pain 25 (7.5) 37 (29.6) 0.001*

Loss of appetite 33 (9.9) 13 (10.4) 0.884*

Headache 42 (12.7) 13 (10.4) 0.510*

Diarrhea 45 (13.6) 16 (12.8) 0.833*

Anosmia 30 (9.0) 21 (16.8) 0.019*

Qualitative disturbance of 
consciousness

26 (7.8) 9 (7.2) 0.821*

Vomiting 23 (6.9) 5 (4.0) 0.245*

Back pain 33 (9.9) 15 (12.0) 0.522*

Quantitative disturbance of 
consciousness

15 (4.5) 10 (8.0) 0.145*

Nasal congestion 45 (13.6) 20 (16.0) 0.505*

Hoarseness 9 (2.7) 3 (2.4) 0.487*

Itching of the eye 7 (2.1) 1 (0.8) 0.456*

Difficulty swallowing 9 (2.7) 4 (3.2) 0.779*

Table 1. Demographic and clinical characteristics of the subjects in relation to the need for 
continued treatment in the intensive care unit 

ICU-intensive care unit; IQR - interquartile range; *by Chi square test or Fisher's exact test, † Mann Whitney 
test; Bolded values denote statistical significance.
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i znaci  COVID-19. Iako su febrilnost, kašalj i umor 
česti, nisu bili povezani sa potrebom za lečenjem u 
JIN-u niti sa smrtnim ishodom usled bolesti COVID-
19. Stoga, ova studija ističe specifične simptome i 
znake na početku COVID-19 koji mogu biti ključni 
za prognozu COVID-19 prilikom prijema u bolnicu.

U našoj studiji primećeno je da je stariji uzrast 
bio jedini zajednički prediktor potrebe za lečen-
jem u JIN-e i smrtnog ishoda usled COVID-19 u 
JIN-e. Stariji uzrast je očigledan i očekivan faktor 
udružen sa lošim ishodima COVID-19, zbog sma
njene funkcionalne rezerve organa i višeg opšteg 
rizika od smrti. U studijama koje su ispitivale izolo-
vani efekat uzrasta na ishode COVID-19, zabeležen 
je do porast rizika za bolničko lečenje za 3,4% i 

stariji uzrast, otežano disanje, glavobolja i dijare-
ja, ali i odsustvo nazalne kongestije, kao početni 
simptomi COVID-19, bili su značajno nezavisno 
povezani sa smrtnim ishodom u JIN-e (Tabela 4).

Diskusija
Ova studija je zabeležila da su dominantni 

početni simptomi i znaci COVID-19 kod pacijena-
ta iz ove studijske populacije bili febrilnost, kašalj 
i umor. Na osnovu multivarijantnih modela, neza-
visni prediktori potrebe za lečenjem u JIN-u bili su 
stariji uzrast i prisustvo bola u grudima. Dodatno, 
nezavisni prediktori fatalnog ishoda bili su stariji 
uzrast, otežano disanje, glavobolja, dijareja, ali i 
odsustvo nazale kongestije kao početni simptomi 

Smrtni ishod u JIN

Varijable Ne
N=61
n (%)

Da
N=64
n (%)

p vrednost

Pol
      Muški
      Ženski

27 (44,3)
34 (55,7)

25 (39,1)
39 (60,9)

0,555*

Uzrast, medijana (IKO) 74,0 (16,5) 73,5 (18,7) 0,919†

COVID-19 vakcinacija
      Da
      Ne

12 (19,7)
49 (80,3)

8 (12,5)
56 (87,5)

0,274*

Febrilnost 57 (93,4) 48 (75,0) 0,005*

Kašalj 45 (73,8) 49 (76,6) 0,718*

Malaksalost 27 (44,3) 39 (60,9) 0,062*

Dispneja 23 (37,7) 49 (76,6) 0,001*

Artalgija 16 (26,2) 11 (17,2) 0,219*

Bol u grudima 18 (29,5) 19 (29,7) 0,982*

Gubitak apetita 7 (11,5) 6 (9,4) 0,701*

Glavobolja 4 (6,6) 9 (14,1) 0,169*

Dijareja 3 (4,9) 13 (20,3) 0,010*

Anosmija 2 (3,3) 19 (29,7) 0,001*

Kvalitativni poremećaj svesti 3 (4,9) 6 (9,4) 0,335*

Povraćanje 1 (1,6) 4 (6,3) 0,189*

Bol u leđima 9 (14,8) 6 (9,4) 0,355*

Kvantitativni poremećaj sveti 3 (4,9) 7 (10,9) 0,215*

Nazalna kongestija 15 (24,6) 5 (7,8) 0,011*

Promuklost 2 (3,3) 1 (1,6) 0,487*

Konjunktivitis 0 (0,0) 1 (1,6) 0,327*

Otežano gutanje 2 (3,3) 2 (3,1) 0,961*

Tabela 2. Demografske i kliničke karakteristike ispitanika u odnosu na smrtni ishod u jedinici intenzivne 
nege

JIN-jedinica intenzivne nege; IKO - interkvartilni opseg; *prema χ2 testu ili Fišerovom testu tačne verovat-
noće, † Man Vitnijev test; Podebljane vrednosti su statistički značajne
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models, the independent predictors of needing 
the ICU treatment were older age and having chest 
pain. Furthermore, the independent predictors of 
having fatal COVID-19 outcome were being older, 
having shortness of breath, headache, diarrhea, 
but no nasal congestion, as the initial symptoms 
of COVID-19. Despite being common, neither 
fever, nor cough nor fatigue was associated with 
receiving the ICU treatment and poor COVID-19 
outcomes. Therefore, this study highlights specific 
symptoms at the beginning of clinically manifested 
COVID-19, which may be crucial for COVID-19 
prognosis upon hospital admission.

proportional hazard model, being older, having 
shortness of breath and anosmia, but absence of 
fever and nasal congestion were associated with 
the ICU mortality. In the multivariate Cox hazard 
model, being older, having shortness of breath, 
headache and diarrhea, but absence of nasal 
congestion as the initial symptoms of COVID-
19 were independently associated with the ICU 
mortality in this population (Table 4).

Discussion
This study reports that predominant initial 

symptoms of COVID-19 in our patients were fever, 
cough, and fatigue. Based on the multivariate 

Fatal outcome in ICU

Variable No
N=61
n (%)

Yes
N=64
n (%)

p value

Gender
      Male
      Female

27 (44.3)
34 (55.7)

25 (39.1)
39 (60.9)

0.555*

Age, median (IQR) 74.0 (16.5) 73.5 (18.7) 0.919†

COVID-19 vaccination
      Yes
      No

12 (19.7)
49 (80.3)

8 (12.5)
56 (87.5)

0.274*

Fever 57 (93.4) 48 (75.0) 0.005*

Cough 45 (73.8) 49 (76.6) 0.718*

Fatigue 27 (44.3) 39 (60.9) 0.062*

Shortness of breath 23 (37.7) 49 (76.6) 0.001*

Arthralgia 16 (26.2) 11 (17.2) 0.219*

Chest pain 18 (29.5) 19 (29.7) 0.982*

Loss of appetite 7 (11.5) 6 (9.4) 0.701*

Headache 4 (6.6) 9 (14.1) 0.169*

Diarrhea 3 (4.9) 13 (20.3) 0.010*

Anosmia 2 (3.3) 19 (29.7) 0.001*

Qualitative disturbance of 
consciousness

3 (4.9) 6 (9.4) 0.335*

Vomiting 1 (1.6) 4 (6.3) 0.189*

Back pain 9 (14.8) 6 (9.4) 0.355*

Quantitative disturbance of 
consciousness

3 (4.9) 7 (10.9) 0.215*

Nasal congestion 15 (24.6) 5 (7.8) 0.011*

Hoarseness 2 (3.3) 1 (1.6) 0.487*

Itching of the eye 0 (0.0) 1 (1.6) 0.327*

Difficulty swallowing 2 (3.3) 2 (3.1) 0.961*

Table 2. Demographic and clinical characteristics of subjects in relation to death in the intensive care unit

ICU-intensive care unit; IQR - interquartile range; *by Chi square test or Fisher's exact test, † Mann Whitney 
test; Bolded values denote statistical significance.
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cepcije bola (11). Pored toga, neregulisani imunski 
odgovor izazvan SARS-CoV-2 karakteriše intenziv-
no oslobađanje proinflamatornih citokina kao što 
su IL-6 i faktor nekroze tumora alfa (TNF-α). Ovi 
medijatori doprinose patogenezi bola u grudima 
(12). Nadalje, potencijalni razvoj komplikacija pov-
ezanih sa bolešću COVID-19, poput pneumonije i 
akutnog respiratornog distres sindroma, može do-
datno pogoršati neprijatne senzacije u nivou pluća 
i povećati nivo subjektivnog osećaja bola u grud-
nom košu (13).

Otežano disanje na početku bolesti COVID-19 
kod pacijenata sa umerenom do teškom klinič-
kom slikom je zapažen kao prediktor fatalne forme 
COVID-19. Klinička slika dispneje, , kao rani simp-
tom infekcije COVID-19 može se pripisati složenoj 
reakciji patofizioloških mehanizama koji uključuju 
virusom izazvanu bolest pluća, inflamatorne odgo-

porast rizika za smrtni ishod  u bolnici za 5,7% za 
svaku stariju godinu uzrasta (8, 9). Međutim, nema 
dokaza o postojanju praga starosti posle kojeg rizik 
za težu formu bolesti raste, pa je efekat starosti ut-
vrđen kao linearan (9). U studiji koja je ispitivala 
prediktore respiratorne insuficijencije, primeće-
no je da je uzrast preko 60 godina značajan faktor 
povezan sa pojavom respiratorne insuficijencije i 
potrebom za mehaničkom ventilacijom (10). Stoga 
su naši rezultati u skladu sa prethodnim studijama.

Bol u grudima kao početni simptom je bio 
značajan prediktor nastavka lečenja u JIN-e u ovoj 
studijskoj grupi. Osnovni mehanizmi bola u grudi-
ma kao početnog simptoma u bolesti COVID-19 se 
mogu objasniti na nekoliko načina. Direktan uticaj 
virusa na tkiva pluća, koji rezultira inflamacijom i 
naknadnom aktivacijom nociceptivnih receptora u 
pleuri ili zidu grudnog koša, može dovesti do per-

Univarijantni model* Multivarijantni model*

Varijable HR 95% CI p HR 95% CI p

Muški pol 0,79 0,55-1,14 0,206 0,75 0,51-1,11 0,153

Stariji uzrast 1,03 1,02-1,05 0,001 1,03 1,02- 1,05 0,001

COVID-19 vakcinacija 0,68 0,42-1,10 0,119 0,74 0,45-1,23 0,251

Febrilnost 0,91 0,56-1,47 0,702 0,89 0,53-1,50 0,668

Kašalj 1,01 0,67-1,52 0,959 0,95 0,62-1,47 0,843

Malaksalost 1,02 0,72-1,45 0,910 1,03 0,71-1,51 0,875

Dispneja 1,31 0,92-1,88 0,134 1,39 0,95-2,04 0,093

Artalgija 1,08 0,71-1,66 0,714 1,20 0,77-1,88 0,409

Bol u grudima 1,66 1,11-2,47 0,013 1,62 1,04-2,53 0,032

Gubitak apetita 1,06 0,59-1,88 0,851 1,24 0,67-2,30 0,487

Glavobolja 1,11 0,62-1,97 0,731 1,63 0,87-3,04 0,124

Dijareja 1,01 0,59-1,71 0,980 1,27 0,73-2,21 0,395

Anosmija 1,08 0,66-1,75 0,768 0,70 0,39-1,23 0,213

Kvalitativni poremećaj 
svesti

0,83 0,42-1,63 0,583 0,98 0,48-2,00 0,965

Povraćanje 0,51 0,21-1,25 0,145 0,60 0,24-1,52 0,280

Bol u leđima 0,89 0,52-1,54 0,685 0,8 0,50-1,55 0,649

Kvantitativni poremećaj 
sveti

0,15 0,81-2,45 0,192 1,65 0,79-3,42 0,182

Nazalna kongestija 0,97 0,59-1,60 0,974 1,08 0,64-1,81 0,766

Promuklost 0,66 0,21-2,08 0,480 0,39 0,11-1,30 0,124

Konjunktivitis 0,44 0,06-3,19 0,420 0,29 0,04-2,19 0,232

Otežano gutanje 1,38 0,51-3,74 0,528 1,38 0,49-3,91 0,546

Tabela 3. Rezultati univarijatnog i multivarijatnog Koksovog proporcionalnog prediktivnog modela: fakto-
ri povezani sa nastavkom lečenja u jedinici intenzivne nege

JIN – jedinica intenzivne nege; HR-hazard ratio; CI-interval poverenja; Podebljane vrednosti su statistički značajne.
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in line with previous studies.
Chest pain emerged as an initial symptom 

predictive of needing the ICU treatment in this 
study. The underlying mechanisms of chest pain 
as an initial symptom in COVID-19 infection can 
be explained through several pathways. The 
direct viral impact on lung tissues resulting in 
the inflammation and subsequent activation of 
nociceptive receptors in the pleura or chest wall 
can lead to a subjective perception of pain (11). 
Additionally, the dysregulated immune response 
in COVID-19 includes an abundant release of 
pro-inflammatory cytokines, such as the IL-6 
and tumor necrosis factor-alpha (TNF-α). These 
mediators have been found to facilitate the 
onset of chest pain (12). Furthermore, potential 
development of COVID-19-related complications, 
such as pneumonia and acute respiratory distress 

In our study, it was observed that older age was 
the only common predictor of both needing the 
ICU treatment and of fatal COVID-19 outcomes. 
Age is an obvious and expected contributor to 
poorer COVID-19 outcomes, due to the reduced 
organ reserve and higher risk of mortality in 
general. In studies examining the isolated effect 
of age on COVID-19 outcomes, there was a 3.4% 
increase in risk for hospital treatment and 5.7% 
increase in risk of hospital mortality per each year 
of age (8, 9). Furthermore, there was no evidence 
of an age threshold at which the risk of disease 
severity increases, because the effect of age on 
poorer COVID-19 outcomes was identified as linear 
(9). In a study focusing on predictors of respiratory 
failure, it was observed that age above 60 years 
is a contributor to respiratory failure and needing 
mechanical ventilation (10). Thus, our results are 

Univariate model Multivariate model

Variable HR 95% CI p HR 95% CI p

Male gender 0.79 0.55-1.14 0.206 0.75 0.51-1.11 0.153

Older age 1.03 1.02-1.05 0.001 1.03 1.02- 1.05 0.001

COVID-19 vaccination 0.68 0.42-1.10 0.119 0.74 0.45-1.23 0.251

Fever 0.91 0.56-1.47 0.702 0.89 0.53-1.50 0.668

Cough 1.01 0.67-1.52 0.959 0.95 0.62-1.47 0.843

Fatigue 1.02 0.72-1.45 0.910 1.03 0.71-1.51 0.875

Shortness of breath 1.31 0.92-1.88 0.134 1.39 0.95-2.04 0.093

Arthralgia 1.08 0.71-1.66 0.714 1.20 0.77-1.88 0.409

Chest pain 1.66 1.11-2.47 0.013 1.62 1.04-2.53 0.032

Loss of appetite 1.06 0.59-1.88 0.851 1.24 0.67-2.30 0.487

Headache 1.11 0.62-1.97 0.731 1.63 0.87-3.04 0.124

Diarrhea 1.01 0.59-1.71 0.980 1.27 0.73-2.21 0.395

Anosmia 1.08 0.66-1.75 0.768 0.70 0.39-1.23 0.213

Qualitative disturbance 
of consciousness

0.83 0.42-1.63 0.583 0.98 0.48-2.00 0.965

Vomiting 0.51 0.21-1.25 0.145 0.60 0.24-1.52 0.280

Back pain 0.89 0.52-1.54 0.685 0.8 0.50-1.55 0.649

Quantitative disturbance 
of consciousness

0.15 0.81-2.45 0.192 1.65 0.79-3.42 0.182

Nasal congestion 0.97 0.59-1.60 0.974 1.08 0.64-1.81 0.766

Hoarseness 0.66 0.21-2.08 0.480 0.39 0.11-1.30 0.124

Itching of the eye 0.44 0.06-3.19 0.420 0.29 0.04-2.19 0.232

Difficulty swallowing 1.38 0.51-3.74 0.528 1.38 0.49-3.91 0.546

Table 3. Univariate and multivariate Cox proportional predictive model results: factors associated with 
continuation of treatment in the intensive care unit

HR-hazard ratio; CI-confidence interval; Bolded values are statistically significant, DC - disturbance of consciousness.
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vore i disregulaciju sistema renin-angiotenzin-al-
dosteron (14-16). SARS-CoV-2 izaziva kaskadu 
inflamatornih procesa preko receptora angioten-
zin-konvertujućeg enzima 2 (ACE2) eksprimiranih 
pretežno u respiratornom epitelu (15). To dovodi 
do aktivacije imunih ćelija, kao što su makrofagi i 
limfociti (15). Aktivacija puteva koagulacije i formi-
ranje mikrotromba u plućnoj vaskulaturnoj mreži 
dalje doprinosi narušavanju razmene gasova i nas-
tanku respiratornog distresa u teškim slučajevima 
infekcije (16). Multifaktorska priroda otežanog 
disanja kod COVID-19 naglašava složenu interakci-
ju između patogeneze virusa, imunoloških odgov-
ora i kardiovaskularne dinamike (15). 

Refleks kašlja kod COVID-19 oboljenja je prven-
stveno odgovor na iritaciju respiratorne sluzokože 
zbog inflamatornog odgovora koji je virus izazvao, 
što dovodi do povećane proizvodnje sluzi i hiper-

reaktivnosti disajnih puteva (16). Štaviše, neuroge-
na inflamacija povezana sa aktivacijom senzornih 
nerava u epitelu disajnih puteva može doprineti 
upornom kašlju koji je primećen kod nekih pacije-
nata (15). Svi ovi faktori, dakle, mogu predisponi-
rati osobu za razvoj sistemskih efekata zapaljenja, 
posledično, respiratorne insuficijencije.

U ovoj studiji zabeleženo je da je glavobolja kao 
početni simptom povezana sa smrtnim ishodom 
COVID-19 bolesti. Naši nalazi su u suprotnosti sa 
prethodno objavljenom meta-analizom koja je 
sugerisala da pacijenti koji prijavljuju glavobolju 
kao početni simptom COVID-19 imaju veće šanse 
za preživljavanje u poređenju sa osobama koje 
nemaju glavobolju (17). Postoje oprečni rezultati 
o vezi između glavobolje i nivoa proinflamatornih 
citokina. Naime, nivoi IL-6 su viši kod osoba koje 
prijavljuju glavobolju kao početni simptom COVID-

Univarijantni model* Multivarijantni model*

Varijable HR 95% CI p HR 95% CI p

Muški pol 0,14 0,41-1,14 0,145 0,78 0,44-1,37 0,385

Godine 1,03 1,01-1,05 0,004 1,04 1,01-1,06 0,001

COVID-19 vakcinacija 0,52 0,25-1,09 0,084 0,62 0,28-1,34 0,228

Febrilnost 0,53 0,30-0,93 0,027 0,70 0,35-1,36 0,292

Kašalj 1,07 0,59-1,91 0,830 1,03 0,54-1,94 0,935

Malaksalost 1,39 0,84-2,32 0,199 1,19 0,67-2,10 0,541

Dispneja 3,10 1,73-5,57 0,001 3,02 1,62-5,62 0,001

Artalgija 0,82 0,43-1,57 0,549 0,99 0,50-1,96 0,980

Bol u grudima 1,59 0,91-2,78 0,130 1,53 0,78-2,96 0,208

Gubitak apetita 0,95 0,41-2,21 0,907 1,40 0,56-3,45 0,470

Glavobolja 1,67 0,81-3,33 0,174 2,51 1,10-5,66 0,027

Dijareja 1,76 0,95-3,24 0,072 2,43 1,21-4,83 0,012

Anosmija 2,27 1,28-3,88 0,005 1,35 0,67-2,71 0,393

Kvalitativni poremećaj 
svesti

1,11 0,48-2,58 0,807 1,20 0,48-3,01 0,692

Povraćanje 0,81 0,30-2,26 0,697 0,93 0,31-2,78 0,901

Bol u leđima 0,67 0,29-1,56 0,353 0,78 0,32-1,89 0,583

Kvantitativni poremećaj 
sveti

2,16 0,98-4,78 0,056 1,18 0,41-3,31 0,757

Nazalna kongestija 0,35 0,13-0,97 0,045 0,32 0,10-0,93 0,037

Promuklost 0,39 0,05-2,83 0,622 0,28 0,03-2,16 0,221

Konjunktivitis 0,95 0,13-6,89 0,961 0,52 0,06-4,19 0,547

Otežano gutanje 1,33 0,32-4,46 0,692 1,29 0,28-5,92 0,739

Tabela 4. Rezultati univarijantnog i multivarijantnog Koksovog proporcionalnog prediktivnog modela: 
faktori povezani sa smrtnim ishodom u jedinici intenzivne nege

JIN – jedinica intenzivne nege; HR-hazard ratio; CI-interval poverenja; Podebljane vrednosti su statistički značajne
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Univariate model Multivariate model

Variable HR 95% CI p HR 95% CI p

Male gander 0.14 0.41-1.14 0.145 0.78 0.44-1.37 0.385

Age 1.03 1.01-1.05 0.004 1.04 1.01-1.06 0.001

COVID-19 vaccination 0.52 0.25-1.09 0.084 0.62 0.28-1.34 0.228

Fever 0.53 0.30-0.93 0.027 0.70 0.35-1.36 0.292

Cough 1.07 0.59-1.91 0.830 1.03 0.54-1.94 0.935

Fatigue 1.39 0.84-2.32 0.199 1.19 0.67-2.10 0.541

Shortness of breath 3.10 1.73-5.57 0.001 3.02 1.62-5.62 0.001

Arthralgia 0.82 0.43-1.57 0.549 0.99 0.50-1.96 0.980

Chest pain 1.59 0.91-2.78 0.130 1.53 0.78-2.96 0.208

Loss of appetite 0.95 0.41-2.21 0.907 1.40 0.56-3.45 0.470

Headache 1.67 0.81-3.33 0.174 2.51 1.10-5.66 0.027

Diarrhea 1.76 0.95-3.24 0.072 2.43 1.21-4.83 0.012

Anosmia 2.27 1.28-3.88 0.005 1.35 0.67-2.71 0.393

Qualitative disturbance 
of consciousness

1.11 0.48-2.58 0.807 1.20 0.48-3.01 0.692

Vomiting 0.81 0.30-2.26 0.697 0.93 0.31-2.78 0.901

Back pain 0.67 0.29-1.56 0.353 0.78 0.32-1.89 0.583

Quantitative disturbance 
of consciousness

2.16 0.98-4.78 0.056 1.18 0.41-3.31 0.757

Nasal congestion 0.35 0.13-0.97 0.045 0.32 0.10-0.93 0.037

Hoarseness 0.39 0.05-2.83 0.622 0.28 0.03-2.16 0.221

Itching of the eye 0.95 0.13-6.89 0.961 0.52 0.06-4.19 0.547

Difficulty swallowing 1.33 0.32-4.46 0.692 1.29 0.28-5.92 0.739

Table 4. Univariate and multivariate Cox proportional predictive model results: factors associated with 
fatal outcome in the intensive care unit

HR-hazard ratio; CI-confidence interval; Bolded values are statistically significant.

syndrome, can further exacerbate chest discomfort 
and increase the level of subjective pain (13).

Shortness of breath, as an initial symptom of 
COVID-19 in patients with moderate to severe 
clinical form, has been identified as the predictor of 
fatal COVID-19. The onset of dyspnea, commonly 
known as shortness of breath, as an early symptom 
of COVID-19, can be attributed to a complex 
interplay of pathophysiological mechanisms 
involving viral-induced lung injury, inflammatory 
responses, and dysregulation of the renin-
angiotensin-aldosterone system (RAAS) (14-16). 
The SARS-CoV-2 induces a cascade of inflammatory 
processes through angiotensin-converting enzyme 
2 (ACE2) receptors expressed predominantly in 
the respiratory epithelium (15). This leads to the 
activation of immune cells, such as macrophages 
and lymphocytes (15). The activation of coagulation 

pathways and the formation of microthrombi within 
the pulmonary vasculature further contribute to 
the impairment of gas exchange and the onset of 
respiratory distress in severe cases of the infection 
(16). The multifactorial nature of dyspnea in 
COVID-19 suggests that there is interplay between 
viral pathogenesis, immunological responses, and 
cardiovascular dynamics (15). 

The cough reflex in COVID-19 is primarily a 
result of irritation of the respiratory mucosa due 
to the inflammatory response to SARS-CoV-2 (16). 
Hence, there is an increased mucus production and 
airway hyperresponsiveness (16). Furthermore, 
the neurogenic inflammation associated with the 
activation of sensory nerves in the respiratory 
epithelium could contribute to the persistent 
cough observed in some patients (15). All these 
factors can, therefore, predispose an individual to 
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19, ali nema daljih nepovoljnih efekata u kasnijim 
fazama infekcije (18). Druga studija je zabeležila da 
su nivoi IL-6 viši kod osoba sa glavoboljom tokom 
COVID-19, ali da kasnije vrednosti IL-6 dostižu 
plato koji odsustvuje kod onih pacijenata koji ne 
prijavljuju glavobolju (19). Studije koje su ispitivale 
pacijente koji su prethodno imali glavobolje takođe 
beleže nešto više stope preživljavanja u poređen-
ju sa opštom populacijom obolelom od COVID-19 
bolesti, što se pripisuje modifikovanoj funkciji siste-
ma renin-angiotenzin-aldosteron tokom lečenja 
glavobolje i ranijom suplementacijom vitaminom 
D (20, 21). Ova razlika u našim rezulatatima i po-
dacima iz literature ukazuje na potrebu za daljim 
istraživanjima o uticaju glavobolje kao početnog 
simptoma COVID-19 na ishode bolesti.

U našoj studiji, dijareja kao početni simptom 
infekcije je bila povezana sa smrtnim ishodom 
COVID-19 infekcije. Prethodna studija je pokaza-
la da je potrebno duže vreme za prijem u bolnicu 
kad pacijenti sa COVID-19 oboljenjem a koji imaju 
gastrointestinalne smetnje u poređenju sa onima 
bez njih (22). Ovo se pripisuje odsustvu tipičnih 
respiratornih simptoma u početku, što uspora-
va pravovremenu dijagnozu i lečenje (22). Noviji 
podaci sugerišu da je dijareja povezana sa težim 
oblicima COVID-19 i ukazuju na to da bi njeno 
prisustvo moglo biti pouzdaniji indikator razvoja 
teškog oblika COVID-19 (23). U drugim studijama, 
dijareja je bila povezana sa težom formom bolesti 
COVID-19 (24). Međutim, postoje podaci o inicijal-
noj manifestaciji COVID-19 infekcije sa dijarejom i 
glavoboljom istovremeno, gde je ovaj način počet-
ka infekcije bio povezan sa boljim preživljavanjem 
pacijenata (25). Zbog razlika u rezultatima, potreb-
na su dalja istraživanja kako bi se bolje razumeli 
ovi simptomi i njihova veza sa lakom do teškom 
formom COVID-19 bolesti praćenom dijarejom.

U ovoj studiji, odsustvo nazalne kongestije bilo 
je povezano sa smrtnim ishodom COVID-19. Slične 
studije su zabeležile da odsustvo nazalne kongesti-
je, u kombinaciji sa anosmijom, može biti povezan 
sa ozbiljnijim ispoljavanjem COVID-19 (26, 27). 
Međutim, nedostaju detaljni patofiziološki meha-
nizmi koji objašnjavaju ovaj nalaz. U ovoj studiji, 
sistemski simptomi, poput glavobolje, dijareje i 
otežanog disanja, bili su udruženi sa lošim ishodom 
COVID-19 bolesti. Iako se COVID-19 klasifikuje kao 
respiratorna infekcija, koja se prenosi kapljičnim 
putem, nema sumnje da se radi o sistemskoj infek-
ciji koja zahvata praktično sve sisteme organa. Iz 

tog razloga, potrebna je pažljiva evaluacija pacije-
nata primljenih u bolnicu u vezi sa njihovim simp-
tomima kako bi se precizno predvideo dalje lečen-
je u JIN-e i ishod lečenja.

Ograničenja ove studije odnose se na činje-
nicu da je analiza sprovedena u dve medicinske 
ustanove. Zato potencijalna pristrasnosti izbora u 
selekciji ispitanika može onemogućiti generalizaci-
ju rezultata ove studije na celokupnu populaci-
ju obolelih od infekcije COVID-19. Dodatno, ova 
studija nije istraživala uticaj pojedinačnih varijanti 
SARS-CoV-2, iako mogu postojati razlike u njihovim 
ishodima. Budući da su uzeti u obzir samo simp-
tomi i znaci, a ne i drugi relevantni podaci, poput 
laboratorijskih parametara, moguće je da postoji 
i rezidualna pristrasnost usled pridruženosti (kon-
faunding).

Zaključak
Rezultati ove studije ističu važnost pažljivog 

praćenja i brze intervencije kod pacijenata koji 
imaju bol u grudima, otežano disanje, glavobol-
ju i dijareju, posebno kod starijih osoba. Dalja 
istraživanja sa različitim kohortama pacijenata i 
dužim periodom praćenja su neophodna kako bi 
se potvrdili ovi prediktori. Razumevanje početnih 
simptoma COVID-19 i njihove povezanosti sa lošim 
ishodima infekcije mogu pomoći u definisanju 
odgovarajućih pristupa lečenju sa ciljem optimi-
zacije ishoda COVID-19.
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detrimental systemic effects of the inflammation 
and, subsequently, respiratory failure. 

In this study, we observed that headache 
as the initial symptom is associated with fatal 
outcomes of COVID-19. Our findings contradict 
the previously published meta-analysis which 
suggested that patients reporting headache 
atthe onset of COVID-19 have higher chances 
of survival compared to those people without 
headache (17). There are inconsistent findings 
regarding the association between headache and 
proinflammatory cytokine levels. Specifically, IL-6 
levels are higher in individuals reporting headache 
at the onset of COVID-19, but they do not sustain 
further detrimental effects in later stages of the 
infection (18). Another study found that IL-6 levels 
are elevated in individuals with headache during 
COVID-19, but later, IL-6 values reach a plateau, 
which is absent in those patients not reporting 
headache (19). Studies focusing on patients with 
pre-existing headaches also reported slightly 
higher survival rates compared to the general 
population with COVID-19. This is attributed to a 
modified RAAS system function during headache 
treatment and earlier vitamin D supplementation 
(20, 21). This discrepancy with our findings 
underscores the necessity for more research 
focusing on the impact of headache as an initial 
symptom of COVID-19 on disease outcomes.

In our study, diarrhea as an initial symptom of 
the infection was associated with fatal COVID-19 
outcomes. A previous study reported that patients 
with gastrointestinal disturbances took longer 
time to be admitted to hospital compared to those 
without them (22). This was attributed to the 
absence of typical respiratory symptoms initially, 
thus delaying timely diagnosis and treatment 
(22). Emerging data suggest that diarrhea is 
linked to severe forms of COVID-19 and indicate 
that it could serve as a reliable indicator of risk of 
developing severe COVID-19 form (23). In other 
studies, diarrhea has been associated with an 
increase in severity of COVID-19-related pathology 
(24). However, there are data on the simultaneous 
initial presentation of COVID-19 infection with 
diarrhea and headache, where this combination of 
symptoms is associated with better survival (25). 
Due to disparities in results, further research is 
needed to better understand these characteristics 
and their association with severe COVID-19 
accompanied by diarrhea.

In the present study, the absence of nasal 
congestion was associated with poor COVID-19 
outcome. Related studies have identified the 
absence of nasal congestion, combined with 
anosmia, may potentially be associated with a 
more severe presentation of COVID-19 (26, 27). 
However, detailed pathophysiological mechanisms 
explaining this finding are lacking. In this set of 
patients, systemic symptoms, such as headache, 
gastrointestinal presentation and shortness of 
breath were the key symptoms at the onset of 
COVID-19 predictive of poorer infection outcomes. 
While COVID-19 is classified as a respiratory 
infection, transmitted via droplet spread, there 
is no doubt that it is a systemic infection which 
affects virtually all organ systems. For this reason, 
careful assessment of patients admitted to 
hospital is needed with regards to their symptoms 
to accurately predict further ICU treatment and 
outcomes.   

Limitations of this study are related to the 
notion that this analysis was conducted at two 
medical centers. This potential selection bias may 
restrict generalization of study findings to the 
entire population who were affected by COVID-
19. Additionally, this study did not investigate 
the impact of individual SARS-CoV-2 variants, as 
there may be differences in outcomes. Because 
only symptoms were taken into account and not 
other relevant data, such as serum parameters, 
this analysis is open to potential unobserved 
confounding. 

Conclusion
The results of this study emphasize the 

importance of vigilant monitoring and swift 
intervention in patients presenting with chest 
pain, shortness of breath, headache, and 
diarrhea, particularly among older people. Further 
research with diverse patient cohorts and an 
extended follow-up period is essential to validate 
these findings. Understanding initial COVID-
19 symptoms and their association with poor 
infection outcomes can help to design tailored 
approaches to treatment with the goal to optimize 
COVID-19 outcomes.
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SAŽETAK

Kontrastna mamografija (KM) (eng. Contrast-enhanced mammography - CEM) postaje sve više 
prisutna metoda u dijagnostici karcinoma dojke tokom poslednjih nekoliko decenija, a posebno tokom 
poslednjih nekoliko godina. Sve je više dokaza o visokoj dijagnostičkoj efektivnosti i senzitivnosti KM u 
otkrivanju karcinoma dojke. Takođe, nova istraživanja pokazuju sličnost u efektivnosti i senzitivnosti KM 
u poređenju sa magnetnom rezonancom (MR), uz manje slučajeva lažno pozitivnih rezultata. Kako se 
primena KM sve više širi, od potencijalne njene primene u skriningu kod žena sa gustim tkivom dojke do 
određivanja stadijuma maligniteta dojke, sve je više neophodna dobra upućenost u ovu metodu i njenu 
implementaciju. Ovim preglednim radom biće sagledan značaj KM kako za skrining, tako i za dijagnostičku 
proceduru, sa posebnim akcentom na sagledavanje njenih prednosti i nedostataka u odnosu na ultrazvuk, 
standardnu mamografiju i MR.

Ključne reči: kontrastna mamografija, skrining, karcinom dojke
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PREGLEDNI RAD

Uvod
Kontrastna mamografija (KM) (eng. Con-

trast-enhanced mammography - CEM) definiše se 
kao mamografija koja se realizuje intravenskom 
primenom kontrastnog sredstva. Stoga se ova teh-
nika danas smatra novom, jer koristi jodirane kon-
trastne materijale za vizualizaciju neovaskularnosti 
dojke na identičan način kao magnetna rezonanca 
(MR) (1). U okviru procesa angiogeneze obrazuju 
se krvni sudovi koji se veoma dobro ispunjavaju 
kontrastom (2), te stoga omogućavaju dobro kon-
trastno propuštanje kroz samo tkivo tumora, što 
dalje omogućava dobijanje kvalitetne dijagnos-
tičke slike (3). Zahvaljujući prethodno opisanom 
procesu, KM omogućava da se postojanje malignih 
nodusa vizualizuje, čak i pri značajno velikoj gustini 
tkiva dojke, koje inače u standardnoj mamografi-
ji predstavlja značajnu dijagnostičku poteškoću. 
Slično je i sa potencijalnim suspektnim lezijama, 
koje se upravo zbog gustine parenhima preklapaju 
sa tkivom dojke i predstavljaju izazov za dijagnosti-

ku na standardnim mamografskim snimcima. Prin-
cip rada KM zasnovan je na aplikaciji intravenskog 
kontrastnog sredstva, pomoću kog se omogućava 
njegova akumulacija iz abnormalnih, propusnih 
krvnih sudova u potencijalno prisutno tumorsko 
tkivo dojke (4), što se jasno vizualizuje na dobi-
jenom snimku visokog kvaliteta. U literaturi se KM 
naziva i kontrastno poboljšanom spektralnom ma-
mografijom i kontrastno poboljšanom digitalnom 
mamografijom i kontrastno poboljšanom dualnom 
mamografijom. Bez obzira na naziv, reč je o savre-
menoj dijagnostičkoj tehnici koja obezbeđuje indi-
vidualni pristup svakom pacijentu, omogućavajući 
da se tretman „prilagodi“ njihovim potrebama. 

Prema dostupnim epidemiološkim podacima, 
karcinom dojke jedan je od najučestalijih karcino-
ma širom sveta, posebno ako se razmatraju oba 
pola (3). Studija Sung-a i saradnika iz 2020. godine 
pokazala je značajan porast broja novoobolelih od 
karcinoma dojke u odnosu na, do sada vodeći, kar-
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SUMMARY

Contrast-enhanced mammography (CEM) has become a ubiquitous method in breast diagnostics over 
the last few decades, especially in recent years. There is an increasing body of strong evidence regarding 
the high diagnostic efficiency and sensitivity of CEM in detecting breast cancer. There is more and more 
evidence about the high diagnostic effectiveness and sensitivity of CEM in detecting breast cancer. 
Also, new research has shown similarity in the efficiency and sensitivity of CEM compared to magnetic 
resonance, with fewer cases of false positive results. As the application of CEM expands from potential 
use in screening for women with dense breast tissue to the staging of known breast malignancy, it 
becomes increasingly important to become well-versed in this method and its implementation. This 
review article will perceive the importance of CEM both for screening and in the diagnostic procedure, 
with a special emphasis placed on the advantages and disadvantages compared to ultrasound, standard 
mammography and MRI.

Keywords: contrast-enhanced mammography, screening, breast cancer
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Introduction
Contrast-enhanced mammography (CEM) is 

defined as mammography, which is realized with 
the intravenous administration of a contrast agent. 
Therefore, this technique is deemed to be new 
today because it uses iodinated contrast materials 
for the visualization of breast neovascularization 
identically as magnetic resonance (MR) (1). Within 
the process of angiogenesis, blood vessels, which 
are filled well with contrast, are formed (2), and 
therefore, they allow good contrast transmission 
through the tumor tissue itself, which further 
enables a high-quality diagnostic image to be 
obtained (3). Thanks to the previously described 
process, CEM allows the visualization of present 
malignant nodes, even with a significantly 
high density of breast tissue, which otherwise 
represents a significant diagnostic problem in 
standard mammography. Similar is the case with 
potentially suspicious lesions, which overlap with 
the breast tissue due to the density of parenchyma, 

and therefore, they are challenging for diagnosing 
on standard mammographic images. The working 
principle of CEM is based on the application of 
an intravenous contrast agent, which enables its 
accumulation from abnormal, permeable blood 
vessels into the potentially present tumor tissue 
of the breast (4), which is clearly visualized on 
the obtained high-quality image. In the literature, 
CEM is called contrast-enhanced spectral 
mammography and contrast-enhanced dual 
mammography. Regardless of the name, it is a 
modern diagnostic technique, which enables an 
individual approach to each patient, allowing the 
treatment to be “adapted” to their needs.

According to the available epidemiological data, 
breast cancer is one of the most common cancers 
worldwide, especially if both sexes are taken into 
consideration (3). A study by Sung et al. from 2020 
showed a significant increase in the number of 
new cases of breast cancer in comparison to lung 

© 2024 Health Care. Published under the terms of the CC BY 4.0 license
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cinom pluća (4). Bez obzira na izuzetno intenzivan 
i značajan napredak tehnologije, dijagnostika kar-
cinoma dojke i dalje je veoma kompleksna i nosi 
sa sobom veliki broj nedoumica, te zahteva kon-
tinuirano unapređenje, razvoj i težnju ka novim 
dijagnostičkim tehnikama koje će omogućiti brže 
i efektivnije otkrivanje maligniteta u što ranijem 
stadijumu bolesti (2,5,6). Čak i u dobu savremene 
terapije, otkrivanje maligniteta dojke u ranim sta-
dijumima ključno je za bolji ishod lećenja (7). Di-
jagnostičke metode za pregled dojke evoluiraju, a 
njihova snaga i slabosti kontinuirano se procenjuju 
kako bi se formulisale preporuke i smernice koje su 
korisne za kliničku praksu.

Ovim preglednim radom biće sagledan značaj 
KM kako za skrining, tako i za dijagnostičku pro-
ceduru, sa posebnim akcentom na sagledavanje 
njenih prednosti i nedostataka u odnosu na ultraz-
vuk, standardnu mamografiju i MR.

Metod
U ovom preglednom radu pretraženo je neko-

liko elektronskih baza podataka: Google Scholar 
napredne pretrage, Konzorcijuma biblioteka Srbije 
za objedinjenu nabavku – KoBSON i platforma 
PubMed. U cilju pretraživanja literature korišćene 
su sledeće ključne reči: mamografija, kontrastna 
mamografija i karcinom dojke. Ovim preglednim 
radom obuhvaćene su radovi koji su publikovani u 
periodu 2014-2024. godine na srpskom ili engles-
kom jeziku, a koji su obrađivali navedenu tematiku. 

Osnove kontrastne mamografije
KM tehnika je počela da se razvija postepeno i 

polako, počevši od 1985. godine kada je prvobitno 
nazvana digitalna subtrakcijska angiografija dojke. 
Prvobitno ova tehnika je razvijana kao neinvanziv-
na dijagnostička metoda za indentifikaciju tumora 
dojke koji je do tada najčešće bio dijagnostikovan 
biopsijom ili hirurškim zahvatima. Inicijalna KM teh-
nika izvodila se pomoću katetera koji je morao biti 
plasiran u regiju gornje šuplje vene kroz koji se ap-
likovao kontrast koji je omogućavao višeslojnu ek-
spoziciju i prikaz krvnih sudova unutar dojke. Opisa-
na tehnika imala je niz nedostataka i zahtevala je 
prekontrastno, potom i kontrastno snimanje, zatim i 
kompresiju dojke, što je iniciralo dodatna tehnološ-
ka rešenja, kako bi ova tenhnika bila primenjivana 
na efikasniji način koji bi bio bolje kontrolisan od pr-
vobitnog i koji bi značajno kraće trajao.  

KM tehnika koja koristi dualnu energiju (engl. 
dual energy) pravi razliku u apsorpciji rendgenskih 
zraka između tkiva dojke i joda kada se koriste 
spektri niske i visoke energije. Ova tehnika je pr-
vobitno opisana tokom 2003. godine, kao alter-
nativna tehnika subtrakciji (6). Pregledi KM sas-
toje se od uparenih slika niske i visoke energije 
dobijenih korišćenjem rendgenskih energija ispod 
i iznad ivice kontrasta. Iz ovih uparenih ekspozici-
ja dobijenih pod istom kompresijom, generiše se 
rekonstruisana slika koristeći postupak naknadne 
obrade koji izoluje samo koncentraciju joda. Pre 
nego što se izvrši snimanje, neophodno je apliko-
vati nejonski kontrastni agens sa niskom osmols-
kom vrednošću, još u periodu dok je dojka van 
kompresije, kako bi se omogućio najveći protok 
krvi. Koncentracija joda varira od 300 mg/mL do 
370 mg/mL (8). Iako standardizovani parametri 
snimanja za KM još uvek nisu konstituisani, gener-
alno je prihvaćeno da se daje volumen od 1,5 ml/
kg telesne mase (maksimalno 150 ml) brzinom od 
2-3 ml/s, po mogućstvu korišćenjem automatskih 
injektora (9). Oko 2-3 minuta nakon ubrizgavanja 
kontrasta, dobijaju se uparene slike niske i visoke 
energije dojke, koja je pod kompresijom, u dve 
standardne projekcije - kraniokaudalne i medio-
lateralne kose. Dodatne projekcije mogu se dobiti 
unutar 10 minuta od aplikacije kontrasta. Rekom-
binovane slike za svaku dobijenu projekciju gener-
išu se nakon obrade.

Ipak i pored svih prednosti treba naglasiti da 
KM ne prikazuje kinetiku i dinamiku kontrastnog 
pojačanja. Međutim, nekoliko publikovanih radova 
koji su ispitivali odloženu akviziciju dobijenu 6 do 
8 minuta nakon ubrizgavanja kontrasta pokaza-
li su poboljšanje specifičnosti KM sa 83% na 89% 
kod žena koje su bile podvrgnute KM radi procene 
odgovora na neoadjuvantnu hemioterapiju (10) i 
sa 80% na 92% kod žena sa denznim dojkama i sus-
pektnim tumorskim promenama (11).

Dijagnostičke mogućnosti KM
Kao što je u samom uvodu pomenuto tehnika 

kontrastno pojačane mamografije se vremenom 
menjala, razvijala i unapređivala. Inicijalno ova 
tehnika snimanja prikazana je 1985. godine uz dig-
italnu subtrakcionu angiografiju dojke, u kojoj je 
bilo dominanto dobijanje prekontrastne slike, ali i 
slike uz kompresiju dojke nakon čega se pristupa-
lo intravenskoj aplikaciji kontrasta (12,13). Naime, 
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cancer, which had a leading position until then 
(4). Regardless of the extremely intensive and 
significant progress of technology, the diagnostics 
of breast cancer is still very complex and carries 
with it a large number of doubts. Therefore, it 
demands continuous improvement, development 
and striving for new diagnostic techniques, which 
will enable faster and more effective detection 
of breast malignancy at the earliest possible 
stage (2,5,6). Even in the age of modern therapy, 
detection of breast malignancy at early stages 
is crucial for a better treatment outcome (7). 
Diagnostic methods for breast examination are 
evolving, while their strengths and weaknesses are 
continually being evaluated in order to formulate 
recommendations and guidelines that are useful 
for clinical practice.

The significance of CEM for screening, as well 
as for diagnostic procedures will be considered 
in this review article, while special emphasis 
will be placed on realizing its advantages and 
disadvantages in comparison to ultrasound, 
standard mammography and MR.

Methods 
In this review article, a few electronic databases 

were searched: Google Scholar advanced search, 
the Consortium of Serbian Libraries for Unified 
Procurement (Serbian: KoBSON) and the PubMed 
platform. The following key words were used in 
the literature search: mammography, contrast 
mammography and breast cancer. This review 
articles includes works published in the period 
2014-2024 in the Serbian or English language, 
which analyzed the above mentioned topic.

Basics of contrast mammography
The CEM technique has developed gradually 

and slowly since 1985 when it was originally 
called digital subtraction breast angiography. 
Originally, this technique was developed as a non-
invasive diagnostic method for the identification 
of breast tumors, which had been diagnosed 
by biopsy or surgical procedures until then. The 
initial CEM technique was carried out using a 
catheter that had to be placed in the region of the 
superior vena cava, through which contrast was 
administered, which allowed the multi-layered 
exposure and display of blood vessels inside the 
breast. The described technique had a number of 

disadvantages and it required pre-contrast, and 
then contrast imaging, then breast compression, 
which initiated additional technological solutions, 
so that this technique could be applied in a more 
efficient way, which had to be better controlled 
than the original one and which would be 
significantly shorter.

The CEM technique, which uses dual energy, 
makes difference in the absorption of X-rays 
between breast tissue and iodine, when the 
spectra of low and high energy are used. This 
technique was originally described in 2003 as an 
alternative technique to subtraction (6). The CEM 
examination consists of paired images of low 
and high energy obtained with the help of X-ray 
energies below and above the level of contrast. 
From these paired exposures obtained under 
the same compression, a reconstructed image is 
generated using the procedure of post-processing 
which isolates only the iodine concentration. Before 
the imaging is performed, it is necessary to apply 
a non-ionic contrast agent with a low osmolality 
value, when the breast is not under compression, 
in order to allow the greatest blood flow. The 
concentration of iodine varies from 300 mg/ml 
to 370 mg/ml (8). Although standardized imaging 
parameters for CEM have not been established 
yet, it has generally be accepted that a volume 
of 1.5 ml/kg of body mass (maximum 150 ml) is 
administered at a rate of 2-3 ml/s, preferably using 
automatic injectors (9). About 2-3 minutes after 
contrast injection, paired images of low and high 
energy of breast under compression is obtained 
in two standard projections – craniocaudal 
and mediolateral oblique viiews. Additional 
projections can be obtained within 10 minutes 
from contrast administration. Recombined images 
for each resulting projection are generated after 
processing.

Despite all the advantages, it should be 
pointed out that CEM does not show the kinetics 
and dynamics of contrast enhancement. However, 
a few published papers, which examined delayed 
acquisition 6 to 8 minutes after contrast was 
injected, showed the improvement of the 
specificity of CEM from 83% to 89% in women who 
underwent CEM on order to assess the response 
to neoadjuvant chemotherapy (10) and in 80% to 
92% of women with dense breasts and suspicious 
tumor changes (11).
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vršiti kompletna aplikacija kontrasnog sredstva. Na 
prethodno opisan način, a zahvaljujući delovanju 
kompresije i kontrasta omogućeno je dobijanje 
uparene slike niske i visoke energije u standardnim 
kraniokaudalnim i mediolateralnim projekcijama. 
KM koristi fotoelektrični efekat joda koji omoguća-
va isticanje oblasti apsorpcije kontrasta. Sam fo-
toelektrični efekat zavisi od energije rendgenskog 
zraka i ivice materijala. Slike koje dolaze iz polja 
niske energije, dobijaju se ispod K nivoa  joda na 
kVp vrednosti 28–33 i prikazuju samo tkivo dojke, 
dok se slike visoke energije dobijaju iznad K nivoa 
joda na kVp vrednosti 45–49 i prikazuju apsorpciju 
joda u tkivo dojke, ali nisu zahvalne za tumačen-
je. Nakon obrade, kreiraju se rekonstruisane slike 
koje naglašavaju oblasti u kojima je došlo do ap-
sorpcije joda, odnosno naglašavaju se tzv. zone 
„pojačanja“, dok je signal koji dolazi iz pozadinskog 
tkiva potisnut. Zahvaljujući ovakvoj apsorpciji joda 
omogućena je vizuelizacija vaskularnosti tumora 
dojke. Nakon aplikacije kontrasnog sredstva naj
efektivnije snimanje obavlja se u vremenskom 
intervalu od 2 do 8 minuta (16). Ovaj vremenski 
raspon idealan je za snimanje jer postoje dokazi 
da se sam kontrast zadržava svega do 10 minuta, 
te dodatna snimanja zahtevaju dodatne aplikaci-
je kontrasta (17). Takođe je važno napomenuti 
da nije nužno da se mamografske slike dobijaju u 
određenom redosledu.

Pregled KM obuhvata slike niske energije i 
rekonstruisane slike. To znači da nalaz može biti 
vidljiv samo na slikama niske energije, samo na 
rekonstruisanim slikama, ili na obema. Slike niske 
energije su slične slikama dobijenim standard-
nom digitalnom mamografijom i tumače se na isti 
način koristeći leksikon mamograma definisan u 
atlasu Američkog koledža radiologa za izveštava
nje i sistem podataka o dojkama (BI-RADS) (engl. 
College of Radiology Breast Imaging Reporting 
and Data System-BI-RADS) iz 2013. godine (12). 
Rekonstruisane slike se tumače kako bi se identi-
fikovalo svako abnormalno pojačanje koje može ili 
ne mora imati korelaciju na slikama niske energi-
je. Nedavno objavljen dodatak BI-RADS atlasu iz 
2013. godine dopunjuje smernice za tumačenje 
slika KM. U KM leksikonu su uvedena dva nova 
termina BI-RADS-a koja podrazumevaju i izraženu 
asimetriju i uočljivost lezije. Izražena asimetrija je 
nalaz koji je moguće uočiti u jednom pogledu, ili 
samo pomoću rekonstruisanih slika i/ili na obema 
rekonstruisanim i slikama niske energije. Uočlji-

ova procedura pored toga što je bila veoma invan-
zivna i neprijatna, davala je suboptimalne rezul-
tate, te njena primena nije značajno zaživela. 

Nešto kasnije KM se počela razvijati uz ko-
rišćenje temporalne tehnike tokom koje je dojka 
takođe bila izložena kopresiji,  rađena su predkon-
trastna snimanja i aplikovan je intravenski kontrast 
nakon čega je u vremenskom intervalu od 5 do 7 
minuta rađeno višestruko snimanje. U odnosnu na 
prethodno opisanu, inicijalnu mamografiju, ova 
verzija je bila unapređena u segmentu što se pred-
kontrastna slika oduzima od postkontrastne slike, 
pri čemu dolazi do vizuelizacije kontrastne apsorp-
cije. Ova tehnika pokazala se izuzetno efikasnom 
i uspešnom za postavljenje dijagnoze maligniteta 
dojke (14), ali i pored toga pokazala je niz nedo-
stataka poput pojave artefakata zbog pomeranja 
pacijenta, izuzetno dugački vremenski interval 
akvizicije, tako da tokom jednog pregleda može 
biti pregledana samo jedna dojka. Svaki dodatni 
pogled na ipsilateralnu ili kontralateralnu dojku 
zahteva dodatnu dozu kontrasta. Na kraju, dojka je 
pod kompresijom tokom unošenja kontrasta, što 
može ograničiti protok krvi i rezultirati suboptimal-
nim poboljšanjem tkiva.

Tehnika KM koja koristi dualnu energiju razvi-
jena je tokom 2003. godine sa ciljem da bude al-
ternativa temporalnoj tehnici. Suština korišćenja 
dualne energije u ovoj tehnici je da se maksimi-
zira iskoristivost kontrasta u smislu da se iskoriti 
njegova mogućnost različitog stepena apsorpcije 
od strane tkiva dojke i joda. Ova metoda je bila 
veoma prihvaćena posebno iz perspektive isko-
ristljivosti već postojeće opreme. Naime, kako bi 
se izvela ova tehnika snimanja pored standardne 
opreme za mamografiju bila je neophodna samo 
sofverski nadograditi postojeći sistem i dodatak 
bakarne filtracije. Ovako dopunjen standardno 
opremeljen uređaj omogućavao je tzv. „dual-en-
ergy” slikanje. Naime, ova tehnika zahtevala je da 
se pre nego što se izvrši akvizicija slikanja izvrši i 
intravenska aplikacija kontrasnog sredstva koji 
ima nisku osmolarnost. U ovom slučaju aplikacija 
kontrasnog sredstva vršena je pomoću injektora, 
a preporučena doza kontrasnog sredstva bila je 
od 1,5 ml/kg do maksimalno 150 ml/kg, obično u 
koncentraciji 300–370 mg joda/ml, brzinom od 3 
ml/s (15). Takođe, kao i prethodna tehnika i ova 
tehnika zahtevala je kompresiju dojke, s tim što 
je u ovom slučaju kompresiju dojke bilo potrebno 
izvršiti tek oko  dva minuta pre nego što će se za-
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technique required the intravenous application of a 
contrast agent which has low osmolarity before the 
acquisition of imaging is performed. In this case, the 
application of the contrast agent was performed 
using an injector, while the recommended dose 
of the contrast agent was from 1.5 ml/kg to a 
maximum of 150 ml, usually in a concentration of 
300-370 mg of iodine/ml at a speed of 3 ml/s (15). 
Also, like the previous, this technique demanded 
breast compression, but in this case breast 
compression needed to be performed about two 
minutes before the complete application of the 
contrast medium would be completed. In the 
previously described way, and thanks to the effect 
of compression and contrast, it is possible to obtain 
the paired image of low and high energy in standard 
craniocaudal and mediolateral projections. CEM 
uses the photoelectric effect of iodine, which 
makes it possible to highlight the areas of contrast 
absorption. The photoelectric effect itself depends 
on the energy of X-ray beam and the edge of the 
material. Images that come from the field of low 
energy are obtained below the K level of iodine at 
kVp values of 28-33 and show only the breast tissue, 
while high-energy images are obtained above the 
iodine K level at kVp values of 45-49 and show the 
absorption of iodine into the breast tissue, but 
they are not convenient for interpretation. After 
processing, the reconstructed images are created 
and they emphasize the areas where iodine had 
been absorbed, that is, they highlight the so-
called zones of “amplification”, while the signal, 
which is coming from the background tissue, is 
suppressed. Thanks to this absorption of iodine, 
the visualization of the vascularity of breast tumor 
is possible. After the application of the contrast 
agent, the most effective imaging is carried out 
in a time interval of 2 to 8 minutes (16). This 
time interval is ideal for imaging because there is 
evidence that the contrast itself is retained only up 
to 10 minutes, and therefore, additional imaging 
requires additional contrast applications (17). Also, 
it is important to note that mammographic images 
are not necessarily obtained in a specific order.

The CEM examination includes low-energy 
images and reconstructed images. This means 
that findings may only be visible only on low-
energy images, only on reconstructed images, or 
on both images. Low-energy images are similar 
to images obtained with the help of standard 
digital mammography and they are interpreted 

Diagnostic possibilities of CEM
As it was mentioned at the very beginning, the 

technique of contrast-enhanced mammography 
has changed, developed and improved over time. 
Initially, this imaging technique was demonstrated 
in 1985 with digital subtraction breast angiography, 
in which pre-contrast images were dominant, as 
well as images with breast compression, after 
which intravenous contrast was administered 
(12,13). Namely, this procedure, in addition 
to being very invasive and unpleasant, gave 
suboptimal results, and therefore, its application 
did not proceed significantly.

A little later, CEM began to develop with the 
use of temporal technique, during which the breast 
was also exposed to compression, pre-contrast 
imaging was performed and intravenous contrast 
was applied, after which multiple imaging was 
done in a time interval of 5 to 7 minutes. In relation 
to the previously described, initial mammography, 
this version was improved in the segment where 
the pre-contrast image is subtracted from the 
post-contrast image, whereby contrast absorption 
is visualized. This technique proved to be very 
efficient and successful for the diagnosis of breast 
malignancy (14), but also it showed a number of 
disadvantages such as the appearance of artifacts 
due to the movement of patients, and a long 
interval of acquisition, so that only one breast 
can be examined during one examination. Each 
additional view of the ipsilateral or contralateral 
breast requires an additional dose of contrast. 
Finally, the breast is under compression during 
contrast administration, which can limit blood 
flow and result in suboptimal tissue enhancement.

The CEM technique that uses dual energy 
was developed in 2003 with the aim of being an 
alternative to the temporal technique. The essence 
of using dual energy in this technique is to maximize 
the use of contrast in the sense of exploiting its 
possibility of different degrees of absorption by 
breast tissue and iodine. This method was very 
well accepted, especially from the perspective 
of the utilization of already existing equipment. 
Namely, in order to carry out this imaging 
technique, in addition to the standard equipment 
for mammography, it was only necessary to 
upgrade the software of the existing system and 
add copper filtration. The standard device, which 
was additionally equipped in this way, enabled 
the so-called “dual-energy” imaging. Namely, this 
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veću senzitivnost (97,3%) i specifičnost (40,0%), u 
poređenju sa ultrazvukom (91,9% i 8,0% ) (23). U 
okviru pomenute studije otkriveno je ukupno 37 
karcinoma dojke, a autori su zaključili da ni jedan 
od otkrivenih karcinoma KM nije čak ni delovao 
benigno, dok su na ultrazvuku čak tri pokaziva-
la benigni karakter. Kao najupečatljiviji zaključak 
opisane studije je da zapravo ultrazvučni skrining 
nakon adekvatnog pregleda KM može da rezultira 
samo nepotrebno indikovanim biopsijama. Znača-
jno je spomenuti da je u maloj grupi od 132 žene 
sa povećanim rizikom od maligniteta dojke zbog 
lične istorije lobularne neoplazije, KM kao skrining 
test pokazao senzitivnost od 100% u otkrivanju 6 
karcinoma koji su svi bili skriveni na standardnoj 
digitalnoj mamografiji (21). Specifičnost skrining 
testa je bila 88%.

Pored potencijalne ekonomske isplativosti i 
dostupnosti u odnosu na MR, KM ima druge pred-
nosti u skriningu. Ženama sa povećanim rizikom 
od maligniteta dojke koje se ne mogu podvrga-
vati MR zbog klaustrofobije, metalnih implanta ili 
alergija na kontrast na bazi gadolinijuma može se 
bezbedno uraditi KM. Ako im se pruži izbor, većina 
pacijentkinja preferira KM umesto MR (24).

Budućnost kontrastne mamografije
U budućnosti, KM zauzima značajnu ulogu 

u dijagnostici maligniteta dojke sa očekivanim 
napretkom u nekoliko ključnih aspekata. Prvo, 
očekuje se dalji tehnički razvoj KM tehnologije, 
uključujući poboljšanje algoritma za obradu slika, 
povećanje rezolucije i smanjenje doze zračenja. 
Ovi napreci doprinose većoj tačnosti dijagnostike 
i poboljšavaju iskustvo pacijenata. Širenje indikaci-
ja predstavlja drugi ključni aspekt. Očekuje se da 
će KM proširiti svoju primenu na različite vrste pa-
toloških promena i specifične grupe pacijenata, uz 
prilagođene protokole za skrining kod određenih 
populacija. Ovo bi omogućilo širu primenu KM u 
kliničkoj praksi. Edukacija i implementacija igraće 
ključnu ulogu u široj upotrebi KM. Potrebno je 
osigurati da zdravstveni radnici, uključujući radio
loge, tehničare i medicinsko osoblje, budu dobro 
obučeni za interpretaciju slika KM i postupke u 
slučaju reakcija na kontrast. 

Ukoliko bi se KM koristila kao alternativa za 
MR, dijagnostičke prakse koje se značajno os-
lanjaju na prihode od MR mogle bi se suočiti sa 
značajnim finansijskim padom. U tom kontekstu 

vost lezije odnosi se na stepen intenziteta lezije 
u odnosu na pozadinsko parenhimsko pojačanje 
(BPE). Ovaj KM BI-RADS leksikon obezbeđuje stan-
dardizaciju izveštavanja i doslednost, što je ključno 
za sprovođenje KM.

Uloga KM u ranom otkrivanju tumora
Žene koje imaju povećan rizik od razvoja malig-

niteta dojke imaju korist bilo od ultrazvuka ili MR. 
MR je najosetljiviji skrining alat, ali se trenutno 
preporučuje samo ženama koje imaju visok (više 
od 20%) rizik od razvoja raka dojke zbog visokih 
troškova i ograničene dostupnosti. Žene koje imaju 
umeren (15–20%) rizik tokom života, a uključuju 
žene sa porodičnom istorijom maligniteta dojke, 
ličnom istorijom maligniteta dojke, prethodno 
potvrđenim biopsijskim visokorizičnim lezijama i 
gustim tkivom dojke, imaju opciju da se podvrgnu 
dopunskom skriningu ultrazvukom, što može ot-
kriti karcinom koji nije vidljiv na mamografiji. 

Sve više podataka ukazuje da KM kao skrin-
ing test žena sa povećanim rizikom od malig-
niteta dojke doprinosi boljem ranom otkrivanju 
poremećaja zdravlja u poređenju sa digitalnom 
mamografijom i/ili mamografijom i ultrazvukom 
zajedno (19,20). Pojedini autori ističu da se dijag-
nostička efektivnost KM značajno približila onoj 
kod MR (21). Naime, 2017. godine Jochelson i 
grupa autora publikovali su prvu prospektivnu 
studiju koja se bavila komparativnim poređenjem 
KM i MR kao skrining testova za karcinom dojke 
(22). U pomenutoj studiji bilo je uključeno 307 
žena kojima je indentifikovan umeren do visok 
rizik od maligniteta dojke tokom života, a koje 
su podvrgnute KM i MR, nakon čega su praćene 
tokom 24 meseca. U periodu od prve etape skrin-
inga, koja je trajala 12 meseci, dijagnostikovana 
su tri invanzivna karcinoma dojke, od kojih su dva 
indentifikovana na obe dijagnostičke procedure, a 
jedan duktalni karcinom in situ je viđen samo na 
MR. Dakle, prema opisanoj studiji u prvoj etapi is-
traživanja ni jedan karcinom nije bio indentifikovan 
samo pomoću KM. U zaključku pomenute studije, 
autori su naveli da je specifičnost ispitivanih di-
jagnostičkih procedura u celokupnom istraživanju 
bila indentična (oko 94%) (22). Godinu dana kas-
nije, Klang i grupa autora publikovali su studiju u 
kojoj su napravili komparativno poređenje između 
efektivnosti KM i ultrazvuka u cilju skrininga malig-
niteta dojke (23). Oni su izneli da je KM pokazala 
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In the above mentioned study, 307 women, who 
were identified as having a moderate to high risk of 
breast malignancy during their lifetime, and who 
underwent CEM and MRI, were included, after 
which they were followed for 24 months. In the 
period of the first stage of screening, which lasted 
12 months, three invasive breast cancers were 
diagnosed, two of which were identified on both 
diagnostic procedures, while one ductal carcinoma 
in situ was seen only on MRI. Therefore, according 
to the described study, during the first stage, 
there were no cancer cases that were identified 
only using CEM.  In the conclusion of the above 
mentioned study, the authors stated that the 
specificity of the examined diagnostic procedures 
in the whole research was identical (92%) (22). A 
year later, Klang et al. published a study, in which 
they made a comparative analysis between the 
effectiveness of CEM and ultrasound aimed at 
screening breast malignancy (23). They reported 
that CEM showed higher sensitivity (97.3%) and 
specificity (40.0%) in comparison to ultrasound 
(91.0% and 8%) (23). Within the above mentioned 
study, a total of 37 breast cancers were detected, 
and the authors concluded that none of the CEM 
cancers appeared benign, while on ultrasound, 
even three showed a benign character. The most 
striking conclusion of the described study is that 
the ultrasound screening after an adequate CEM 
examination can only result in unnecessarily 
indicated biopsies. It is important to mention that 
in a small group of 132 women with an increased 
risk of breast malignancy due to a personal 
history of lobular neoplasia, CEM as a screening 
test showed a sensitivity of 100% in detecting 6 
cancer cases that were all hidden on standard 
digital mammography (21). The specificity of the 
screening test was 88%.

In addition to the potential economic cost-
effectiveness and availability in comparison to MRI, 
CEM has other advantages in screening. Women 
at an increased risk of breast malignancy who 
cannot undergo MRI due to claustrophobia, metal 
implants or allergies to gadolinium-based contrast 
can safely undergo CEM. If they are offered choice, 
most patients prefer CEM to MRI (24).

The future of CEM 
In the future, CEM will have a significant 

role in the diagnostics of breast malignancy with 

in the same way using the mammogram lexicon 
which was defined in the Atlas of the American 
College of Radiology Breast Imaging Reporting 
and Data System BI-RADS in 2013 (12). The 
reconstructed images are interpreted in order to 
identify any abnormal enhancement that may or 
does not have to correlate with the low-energy 
images. A recently published supplement to the 
BI-RADS atlas from 2013 adds guidelines for the 
interpretation of CEM images. In the CEM lexicon, 
two new BI-RADS terms have been introduced, 
and they imply the pronounced asymmetry 
and conspicuity of the lesion. The pronounced 
asymmetry is a finding that can be seen at a glance, 
or only with the help of reconstructed images and/
or on both reconstructed images and low-energy 
images. The conspicuity of the lesion refers to the 
degree of intensity of the lesion in relation to the 
background parenchymal enhancement (BPE). This 
CEM BI-RADS lexicon ensures the standardization 
of reporting and consistency, which is important 
for the CEM procedure.

The role of CEM in the early detection of 
tumors

Women who are at increased risk of developing 
breast malignancy benefit from either ultrasound 
or MRI. MRI is the most sensitive screening test, 
which is currently recommended only to women 
who have a high (more than 20%) risk of developing 
breast cancer due to high costs and limited 
availability. Women who have a moderate risk 
(15-20%) during lifetime, including women with 
a family history of breast malignancy, a personal 
history of breast malignancy, high-risk lesions and 
dense breast tissue that was previously confirmed 
by biopsy, have the option to undergo additional 
ultrasound screening, which can detect cancer 
that is not visible on mammography. 

More and more data indicate that CEM as 
a screening test for women at an increased risk 
of breast malignancy contributes to the early 
detection of health disorders in comparison to 
digital mammography and/or mammography and 
ultrasound together (19,20). Some authors point 
out that the diagnostic effectiveness of CEM has 
significantly approached the effectiveness of MRI 
(21). Namely, in 2017, Johelson et al. published 
the first prospective study, which compared CEM 
and MRI as screening tests for breast cancer (22). 
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u ovim ključnim oblastima, postoji potencijal da 
postane globalni standard za rano otkrivanje raka 
dojke. Međutim, dinamika i brzina prihvatanja za-
visiće od napretka u istraživanjima, obrazovanju, 
ekonomskoj opravdanosti i saradnji između različi-
tih aktera u oblasti zdravstvene nege
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troškovna efikasnost predstavlja bitan faktor, a 
ako KM ostane ekonomičnija opcija u poređenju s 
drugim dijagnostičkim metodama, to će povećati 
njenu prihvatljivost u zdravstvenim sistemima. Sa 
druge strane, KM bi potencijalno mogla omogući-
ti ekonomičnu dopunsku dijagnostičku opciju za 
podgrupe žena kojima je trenutno MR finansijski 
nepristupačan ili je iz nekog razloga kontraindiko-
van, kao što su žene sa srednjim rizikom od malig-
niteta dojke, čime bi se potencijalno povećao obim 
skrininga i dijagnostike, a smanjili potencijalno do-
datni troškovi. Takođe, važno je u ovom segmentu 
napomenuti da je KM i značajno brža metoda sa 
aspekta izvođenja i tumačenja, kao i da ima niže 
troškove nabavke i održavanja opreme u poređen-
ju sa MR.

Dalja istraživanja i klinički radovi biće ključni za 
potvrdu dugoročne efektivnosti KM, identifikaciju 
novih indikacija i usavršavanje protokola primene. 
Povezivanje s tehnologijama veštačke inteligencije 
takođe ima potencijal da unapredi interpretaciju 
slika KM i ubrza proceduru izvođenja. U suštini, 
budućnost KM obećava dalji napredak u otkrivanju 
maligniteta dojke, nudeći napredne metode sa sve 
većim fokusom na preciznost, tačnost, dostupnost 
i udobnost pacijenata.

Zaključak
Očekivanja u vezi s globalnim prihvatanjem 

KM kao standarda u otkrivanju maligniteta dojke 
zavise od više ključnih faktora. Najpre, dalja klinič-
ka ispitivanja su ključni koraci kako bi se potvr-
dila njegova efektivnost na široj populaciji. Ako 
KM pokaže doslednu dijagnostičku preciznost i 
tačnost, kao i prednosti u poređenju sa dosadaš
njim metodama, to će snažno podržati njegovo 
globalno prihvatanje. Pored toga, edukacija i os-
posobljavanje zdravstvenih radnika igraju ključnu 
ulogu u uspešnom uvođenju KM. Ekonomska 
održivost takođe će biti presudna, te ako KM 
pruži visoku dijagnostičku efektivnost uz prihvat-
ljive troškove, olakšaće se njegova integracija u 
zdravstvene sisteme širom sveta. Regulativni okviri 
takođe predstavljaju neizostavnu kariku, pružajući 
jasne smernice i standarde za sigurnost i efikas-
nost KM. Informisanost pacijenata i edukativne 
kampanje su od suštinske važnosti.. Konačno, 
globalno prihvatanje zahtevaće saradnju između 
različitih zdravstvenih sistema, uključujući javne i 
privatne ustanove. Ukoliko KM ispuni očekivanja 
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Conclusion
Expectations related to the global acceptance 

of CEM as a standard in the detection of breast 
malignancy depend on several key factors. First, 
further clinical trials are key steps to confirm 
the efficiency in the wider population. If CEM 
demonstrates consistent diagnostic precision 
and accuracy, as well as advantages compared to 
current methods, its global acceptance will strongly 
be supported. In addition, education and training 
of health workers play a key role in the successful 
introduction of CEM. Economic sustainability will 
also be crucial, and therefore, if CEM shows high 
diagnostic effectiveness with acceptable costs, its 
integration into health systems around the world 
will be facilitated. Regulatory frameworks are also 
an indispensable link, providing clear guidelines 
and standards for the safety and effectiveness 
of CEM. Patients' awareness and educational 
campaigns are essential. Finally, global acceptance 
will require the cooperation between different 
healthcare systems, including public and private 
institutions. If CEM fulfills expectations in these 
key areas, it has the potential to become the global 
standard for the early detection of breast cancer. 
However, dynamics and speed of acceptance will 
depend on the progress in research, education, 
economic justification and cooperation between 
different actors in the field of healthcare.
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PREGLEDNI RAD

Uvod
Zdravstvena pismenost je sposobnost poje

dinca da primi, obradi i razume zdravstvene infor-
macije. Predstavlja značajnu determinantu javnog 
zdravlja, a označena je i kao globalni cilj za una-
pređenje promocije zdravlja (1). Prema Svetskoj 
zdravstvenoj organizaciji (SZO) zdravstvena pis-
menost podrazumeva kognitivne i socijalne veštine 
koje određuju motivaciju i sposobnost pojedinaca 
da pristupi, razume i koristi informacije na načine 
koji promovišu i održavaju dobro zdravlje. Termin 
zdravstvene pismenosti prvi put je opisan u tekstu 
Health Education as Social Policy, iz 1974. godine, 
čiji je autor bio profesor Simonds sa Univerziteta u 
Mičigenu (2). 

U prethodne dve decenije pridavana je velika 
pažnja konceptu zdravstvene pismenosti, jer je ut-
vrđeno da ima značajan doprinos održivosti siste-
ma zdravstvene zaštite, pogotovo u vremenu kada 
su masovne nezarazne bolesti u porastu. Strategije 
za unapređenje javnog zdravlja u razvijenim zem

ljama ističu potrebu pojedinaca da preuzme brigu 
o sopstvenom zdravlju čime će doprineti efektivni-
jem korišćenju usluga zdravstvene zaštite i sma
njenju troškova. Zbog shvatanja da donosi veliku 
korist za javno zdravlje, mnoge zemlje, kao što su 
SAD, Kanada, Australija su ga istakle kao prioritet u 
svojim zdravstvenim politikama (3).

Empirijska istraživanja pokazuju da je nizak nivo 
zdravstvene pismenosti povezan sa nizom štetnih 
ishoda po zdravlja (4), dok novija istraživanja kao 
posledice niske zdravstvene pismenosti navode 
neodazivanje na skrining preglede, otkrivanje 
oboljenja u kasnoj fazi, povećanu učestalost kom-
plikacija i produženu hospitalizaciju kod hroničnih 
bolesnika (5).

Nacionalne studije u SAD-u, Kanadi i Kini, kao 
i Evropska uporedna analiza, pokazale su da je 
problem neadekvatne zdravstvene pismenosti sta-
novništva globalan. Samo 12% ispitivane populaci-
je u SAD-u (6) i oko 8% u Kini imalo je adekvatan 
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SAŽETAK

Zdravstvena pismenost označena je kao sposobnost pojedinca da primi, obradi i razume zdravstvene 
informacije. Adolescencija je ključni stadijum psiho-fizičkog razvoja, te bi unapređenje zdravstvene 
pismenosti mladih značajno doprinelo usvajanju zdravih navika i osnažilo ih da preuzmu kontrolu nad 
sopstvenim zdravljem. Cilj ovog preglednog rada je bio da prikaže instrumente procene zdravstvene 
pismenosti u adolescentskoj populaciji. Identifikovanje instrumenata za adolescentsku populaciju 
spovedeno je pretragom literature korišćenjem različitih baza podataka. Od 9 instrumenata, koji su 
poređeni u odnosu na domen merenja zdravstvene pismenosti i način prikupljanja podataka, šest 
(HLS-Child-Q15, HELiASeSS, HAS-A, HELMA, eHEALS, HLAT-8) procenjuju zdravstvenu pismenost u sva 
tri domena te mogu pružiti kompletniju sliku o nivou zdravstvene pismenosti adolescenata. Od ovih 6 
instrumenata, HLS-Child-Q15 i HELMA su dostupni za preuzimanje što može da utiće na njihovu veću 
primenu u budućnosti za procenu zdravstvene pismenosti u adolescentskoj populaciji. U budućim 
istraživanjima trebalo bi još detaljnije analizirati instrumente za procenu zdravstvene pismenosti, a 
posebno njihovu validnost i pouzdanost.

Ključne reči: zdravstvena pismenost, adolescent, instrumenti procene zdravstvene pismenosti
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REVIEW ARTICLE

Introduction
Health literacy is the ability of an individual to 

receive, process and understand health information. 
It represents a significant determinant of public 
health, and it has been designated as a global goal 
related to the improvement of health promotion 
(1). According to the World Health Organization 
(WHO), health literacy includes cognitive and 
social skills that determine the motivation and 
ability of individuals to access, understand and use 
information in ways that promote and maintain 
good health. The term health literacy was first 
described in the text Health Education as Social 
Policy in 1974 by Professor Simonds from the 
University of Michigan (2).

In the last two decades, much attention has 
been paid to the concept of health literacy due 
to its significant contribution to the sustainability 
of healthcare system, especially at the time when 
mass non-communicable diseases are on the rise. 
Strategies for the improvement of public health 

in developed countries emphasize the need of 
individuals to take care of their own health, thus 
contributing to more efficient use of healthcare 
services and cost reduction. Since it has been 
realized that it brings a great benefit to public 
health, many countries such as the USA, Canada, 
Australia have given priority to it in their health 
policies (3).

Empirical studies have shown that a low level 
of health literacy is associated with a number of 
harmful health outcomes (4), while it has been 
indicated in recent studies that the consequences 
of low health literacy include not going to screening 
examinations, detection of diseases at a late 
stage, increased frequency of complications and 
prolonged hospitalization in chronic patients (5).

National studies in the USA, Canada and China, 
as well as the European comparative analysis have 
shown that the problem of inadequate health 
literacy of the population is global. Only 12% of the 
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SUMMARY

Health literacy is defined as an individual's ability to receive, process and understand health information. 
Adolescence is a key stage of psycho-physical development, and therefore, improving the health literacy 
of young people would significantly contribute to the adoption of healthy habits and empower them to 
take control of their own health. The aim of this review article was to present instruments for assessing 
health literacy in the adolescent population. The identification of instruments for the adolescent 
population was carried out through a literature search using different databases. Of 9 instruments, 
which were compared in relation to the domain of measuring health literacy and the method of data 
collection, six (HLS-Child-Q15, HELiASeSS, HAS-A, HELMA, eHEALS, HLAT-8) assess health literacy in all 
three domains, and therefore, they can offer a more complete picture of the level of health literacy in 
adolescents. Of these 6 instruments, HLS-Child-Q15 and HELMA are available for downloading which can 
influence the greater implementation in the future for the assessment of health literacy in adolescents.

Keywords: health literacy; adolescents; health literacy assessment instruments
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nivo zdravstvene pismenosti (7). U kanadskoj 
studiji pronađeno je da oko 60% ispitanika ima 
neadekvatan nivo zdravstvene pismenosti (8), a u 
Evropi je taj procenat 47,6% (9).

Rešavanje problema neadekvatne zdravstvene 
pismenosti postalo je prioritet u mnogim zemlja-
ma, jer se to smatra najekonomičnijom i najefikas-
nijom merom za poboljšanje zdravlja celokupnog 
stanovništva. Poseban akcenat se stavlja na una-
pređenje zdravstvene pismenosti dece i adolesce-
nata. Istraživanja pokazuju da 34% adolescenata u 
SAD i 67,6% u Australiji ima niske nivoe zdravst-
vene pismenosti (10,11). Adolescencija je ključni 
stadijum psiho-fizičkog razvoja, te bi unapređenje 
zdravstvene pismenosti mladih značajno doprine-
lo usvajanju zdravih navika i osnažilo ih da preuz-
mu kontrolu nad sopstvenim zdravljem (12). 

Cilj ovog rada bio je da prikaže instrumente 
procene zdravstvene pismenosti u adolescentskoj 
populaciji.

Metode
Pretraživanjem baza PubMed i Google Scholar 

pronađeno je mnoštovo radova na temu zdrav
stvene pismenosti, a za analizu definicija korišćeni 
su pregledni radovi koji su na engleskom jeziku i 
koji su najviše citirani. 

Definicije i koncepti zdravstvene 
pismenosti

Prema preglednim radovima Sorensen-a i 
saradnika (4) i Liu-a i saradnika (3) formirana je 
tabela definicija zdravstvene pismenosti (Tabela 

1). SZO u svojoj definiciji (1) ističe značaj interak-
cije kognitivnih i socijalnih veština neophodnih za 
pristup, razumevanje i interpretaciju zdravstvenih 
informacija koje mogu doprineti dobrom zdravlju, 
a nasuprot tome, u definiciji Američke medicinske 
asocijacije akcenat je na sposobnosti razumevanja 
numeričkih zadataka i čitanja (13). Novije definici-
je naglašavaju važnost prevazilaženja individual-
nog pristupa i posmatraju zdravstvenu pismenost 
kao interakciju između zahteva zdravstvenih siste-
ma i veština pojedinca. Prema Nutbeam-u (14) 
zdravstvena pismenost zavisi od ličnih, kognitivnih 
i socijalnih veština, a Kwan i saradnici (15) u svojoj 
definiciji ističu značaj interakcije veština i sposob-
nosti svih subjekata uključenih u proces donošenja 
odluka vezanih za zdravlje.

Različiti istraživači koji su se bavili zdravstve
nom pismenošću shvataju je kao višedimenzio
nalan koncept. Većina konceptualnih modela pri-
kazanih u literaturi razmatra ključne komponente 
zdravstvene pismenosti, individualne i sistemske 
faktore koji utiču na nivo zdravstvene pismenosti, 
kao i povezanost nivoa zdravstvene pismenosti sa 
ishodima po zdravlje (4). U dostupnoj literaturi se 
najčešće pominje Nutbeam-ov koncept po kome 
se razlikuju tri tipa zdravstvene pismenosti (14):
1.	 Funkcionalna, koja uključuje veštine čitanja i 

pisanja,
2.	 Interaktivna, odnosi se na naprednije kogni-

tivne veštine i veštine pismenosti koje pojedin-
cu omogućavaju da izdvoji informacije, prime-
ni ih u različitim situacijama i bude sigurniji u 
komunikaciji sa zdravstvenim profesionalcima,

Svetska zdravstvena organizacija (SZO, 1998) Skup kognitivnih i socijalnih veština i kapaciteta potrebnih za pristup, 
razumevanje i korišćenje informacija na način kojim se promoviše i štiti 
dobro zdravlje (1).

Američka medicinska asocijacija (AMA, 1999) Skup veština neophodnih za funkcionisanje u zdravstvenom okruženju koje 
uključuju sposobnost izvođenja osnovnih numeričkih zadataka i čitanja 
(13).

Nutbeam (2000) Lične, kognitivne i društvene veštine koje određuju sposobnost pojedinaca 
da dobiju pristup, razumeju i koriste informacije za promovisanje i 
održavanje dobrog zdravlja (14).

Kwan, et al. (2006) Sposobnost pojedinca da traži, razume i koristi zdravstvene informacije u 
okviru zdravstvene zaštite (15).

Sorensen, et al. (2012) Zdravstvena pismenost je povezana sa pismenošću i podrazumeva znanje 
pojedinca, motivaciju i sposobnosti da pristupi, razume, proceni i primeni 
informacije o zdravlju, kako bi u svakodnevnom životu prosuđivao i donosio 
odluke u vezi sa zdravljem, prevencijom bolesti i unapređivanjem zdravlja u 
cilju održavanja ili poboljšanja kvaliteta života tokom životnog veka (4).

Tabela 1. Definicije zdravstvene pismenosti
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examined population in the USA (6) and around 8% 
in China had an adequate level of health literacy 
(7). In one Canadian study, it was found that about 
60% of respondents had an inadequate level of 
health literacy (8), and in Europe that percentage 
was 47.6% (9).

Solving the problem of inadequate health 
literacy has become a priority in many countries, 
since it is considered to be the most economical 
and effective measure for improving the health of 
the whole population. Special emphasis has been 
placed on improving the health literacy of children 
and adolescents. Research has shown that 34% of 
adolescents in the USA and 67.6% in Australia have 
low levels of health literacy (10,11). Adolescence 
is a key stage of psycho-physical development, 
and improving the health literacy of young people 
would significantly contribute to the adoption of 
healthy habits and empower them to take control 
over their own health (12).

The aim of this study was to present the 
instruments for the assessment of health literacy 
in the adolescent population.

Methods
By searching the databases PubMed and 

Google Scholar, a lot of papers examining the topic 
of health literacy have been found, while mostly 
cited review articles in the English language have 
been used.

Definitions and concepts of health literacy
According to the review articles of Sorensen 

and associates (4), Liu and associates (3), the table 

of definitions of health literacy has been formed 
(Table 1). The World Health Organization in its 
definition (1) emphasizes the importance of the 
interaction of cognitive and social skills necessary 
for accessing, understanding and interpreting 
health information that can contribute to good 
health, and in contrast, in the definition of the 
American Medical Association, the emphasis is 
placed on the ability to understand numerical 
tasks and reading (13). Newer definitions 
emphasize the importance of going beyond the 
individual approach and perceive health literacy 
as an interaction between the demands of health 
systems and skills of an individual. According 
to Nutbeam (14), health literacy depends on 
personal, cognitive and social skills, while Kwan 
and associates (15) in their definition emphasize 
the importance of the interaction between skills 
and abilities of all subjects involved in the process 
of decision-making related to health.

Different researchers, who have dealt with 
health literacy, understand it as a multidimensional 
concept. Most of the conceptual models which 
are presented in the literature consider the key 
components of health literacy, individual and 
systematic factors that influence the level of 
health literacy, as well as the connection between 
the level of health literacy and health outcomes 
(4). In the available literature, Nutbeam’s concept 
is most often mentioned, according to which three 
types of health literacy are distinguished (14):
1.	 Functional, which includes reading and writing 

skills,
2.	 Interactive, which refers to more advanced 

World Health Organization (WHO, 1998) The set of cognitive and social skills and capacities needed to access, 
understand and use information in a way that promotes and protects good 
health (1).

American Medical Association (AMA, 1999) The set of skills necessary for functioning in a healthcare environment that 
include the ability to perform basic numerical tasks and reading (13).

Nutbeam (2000) Personal, cognitive and social skills that determine the ability of individuals 
to access, understand and use information necessary for promoting and 
maintaining good health (14).

Kwan, et al. (2006) The ability of an individual to search for, understand and use health 
information within healthcare (15).

Sorensen, et al. (2012) Health literacy is related to literacy and includes the knowledge, motivation 
and ability of individuals to access, understand, evaluate and apply 
information about health, so that in everyday life they could judge and 
make decisions related to health, disease prevention and health promotion 
aimed at maintaining and improving the quality of life during lifetime (4).

Table 1. Definitions of health literacy
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vene pismenosti (engl. Health Literacy Tool Shed) 
(19) i analizom preglednog rada Guo-a i saradnika 
(20) pronađeni su instrumenti validirani za adoles-
centsku populaciju. Ovi instrumenti se razlikuju po 
domenu merenja zdravstvene pismenosti, ali je na-
jviše onih koji procenjuju zdravstvenu pismenost u 
sva tri domena: funkcionalna, interaktivna i kritička. 
Kriterijumi za uključivanje bili su: validirani instru-
ment za procenu zdravstvene pismenosti u adoles-
centskoj populaciji u rasponu od 10 do 24 godine, 
rad dostupan u punom tekstu, i instrumenti koji 
procenjuju opštu zdravstvenu pismenost. 

Najčešći instrumenti za procenu zdravstvene 
pismenosti koji su ispunili zadate kriterijume u 
pregledanoj literaturi su:
1.	 Kineska verzija kratke forme Testa za procenu 

funkcionalne zdravstvene pismenosti adoles-
cenata (engl. Chinese version of short-form 
Test of Functional Health Literacy in Adoles-
cents – c-sTOFHLAd) (21),

2.	 Instrument za brzu procenu pismenosti ad-
olescenata u medicini – kratka forma (engl. 
Rapid Estimate of Adolescent Literacy in Med-
icine Short Form – REALM-TeenS) (22),

3.	 Instrument za merenje zdravstvene pismenos-
ti adolescenata (engl. Measurement of Health 
Literacy Among Adolescents Questionnaire – 
MOHLAA-Q) (23),

4.	 Evropski upitnik za procenu zdravstvene pis-
menosti stanovništva (engl. European Health 
Literacy Survey – HLS.EU.Q) je validiran za decu 
(0-9 godina) i adolescente (10-17 godina) (24), 

5.	 Instrument procene zdravstvene pismenos-
ti učenika srednje škole (engl. Instrument for 
the Health Literacy Assessment of Secondary 
School Students – HELiASeSS) (25), 

6.	 Skala za procenu zdravstvene pismenosti ad-
olescenata (engl. Health Literacy Assessment 
Scale for Adolescents - HAS-A) (26), 

7.	 Instrument za procenu zdravstvene pismeno-
sti adolescenata (engl. Health Literacy Mea-
sure for Adolescents – HELMA) (27), 

8.	 Instrument za procenu elektronske zdravst-
vene pismenosti (engl. eHealth Literacy Scale 
– eHEALS) (28), 

9.	 Instrument za procenu zdravstvene pismenos-
ti sa 8 stavki (engl. Health Literacy Assessment 
Tool – HLAT-8) (29). 

Prikaz navedenih instrumenata prema načinu 
procene zdravstvene pismenosti, kao i druge 
značajne karakteristike istih, izvršen je u Tabeli 2.

3.	 Kritička, odnosi se na najsloženije kognitivne 
veštine koje u interakciji sa socijalnim veština-
ma mogu da se koriste za kritičku analizu in-
formacija i bolju kontrolu različitih situacija i 
životnih događaja.
Kako bi otklonili nedostatke različitih koncep-

tualnih okvira zdravstvene pismenosti, Sorensen 
i saradnici (4) su konstruisali integrisani model 
zdravstvene pismenosti koji obuhvata glavne di-
menzije postojećih konceptualnih modela. U cen-
tralnom delu modela prikazane su 4 dimenzije 
zdravstvene pismenosti: pristup informacijama o 
zdravlju, razumevanje informacija o zdravlju, in-
terpretacija informacija o zdravlju i primena infor-
macija o zdravlju (4).

Zdravstvena pismenost adolescenata  
Zdravstvena pismenost adolescenata ima 

specifičnosti u odnosu na zdravstvenu pismenost 
odraslih, jer je ovo ključni stadijum razvoja i razvijene 
veštine za unapređenje zdravlja mogu ostati tokom 
čitavog života (10). Od adolescenata se očekuje da 
razumeju sve složenije zdravstvene informacije, 
veliku količinu edukativnog materijala koji im pruža-
ju zdravstveni radnici i obrazovni sistem, kao i da 
postanu odgovorni za svoje zdravlje (16). 

Sistematska analiza potvrdila je pozitivnu ko-
relaciju između viših nivoa zdravstvene pismeno-
sti i boljih ishoda po zdravlje adolescenata (17), a 
studija preseka sprovedena među adolescentima 
u Kini o stavovima prema vakcinaciji protiv kovid-
19 je pokazala da je neodlučnost o vakcinaciji 
povezana sa ograničenim nivoom zdravstvene pis-
menosti (18).

S obzirom da mladi provode veliki deo vremena 
u školskom okruženju, bilo bi značajno sprovoditi 
aktivnosti za unapređenje zdravstvene pismenosti 
kako učenika, kao i njihovih roditelja i profesora. 
Shodno tome, SZO se angažovala u brojnim akci-
jama za poboljšanje zdravlja kroz promovisanje i 
unapređenje zdravstvene pismenosti, a obrazovni 
sektor prepoznat je kao najvažnije okruženje za to 
(2).

Instrumenti procene zdravstvene 
pismenosti adolescenata

Instrumenti procene zdravstvene pismenosti 
mogu biti opšti koji se primenjuju u opštoj popu-
laciji, i specifični koji se primenjuju u određenoj sta-
rosnoj grupi, ili kod obolelih od određene bolesti. 
Pretragom baze instrumenata za procenu zdravst-
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Instruments for the assessment of 
health literacy

The instruments for the assessment of health 
literacy can be general, which are applied in the 
general population, and specific, which are applied 
in a certain age group, or in patients with a certain 
disease. By searching the Health Literacy Tool Shed 
(19) and analyzing the review article by Guo et 
al. (20), instruments validated for the adolescent 
population were found. These instruments differ 
according to the domain of measuring health 
literacy, but most of them evaluate health literacy 
in all three domains: functional, interactive and 
critical. Inclusion criteria were the following: 
validated instrument for the assessment of health 
literacy in the adolescent population from 10 to 
24 years, a paper is available as a full text, and 
instruments that assess the general health literacy. 
The most common instruments for the assessment 
of health literacy that met the set criteria in the 
reviewed literature are the following:
1.	 Chinese version of short-form Test of 

Functional Health Literacy in Adolescents 
(c-sTOFHLAd) (21),

2.	 Rapid Estimate of Adolescent Literacy in 
Medicine Short Form (REALM-Teens) (22),

3.	 Measurement of Health Literacy Among 
Adolescents Questionnaire (MOHLAA) (23),

4.	 European Health Literacy Survey (HLS.EU.Q) 
was validated for children (0-9 years) and 
adolescents (10-17 years) (24),

5.	 Instrument for the Health Literacy Assessment 
of Secondary School Students (HELiASeSS) 
(25),

6.	 Health Literacy Assessment Scale for 
Adolescents (HAS-A) (26),

7.	 Health Literacy Measure for Adolescents 
(HELMA) (27),

8.	 eHealth Literacy Scale (eHEALS) (28),
9.	 Health Literacy Assessment Tool – HLAT-8 (29).

The presentation of the above mentioned 
instruments according to the method of 
assessment of health literacy, as well as other 
significant characteristics of those instruments are 
shown in Table 2.

Out of these 9 instruments for the assessment 
of health literacy in adolescents, 6 assess health 
literacy in all three domains (functional, interactive 
and critical), which speaks in favor of giving 
importance to empowering adolescents in health 

cognitive and literacy skills that allow the 
individual to elicit information, apply it in 
different situations and be more confident while 
communicating with healthcare professionals,

3.	 Critical, which refers to the most complex 
cognitive skills that, in interaction with social 
skills, can be used for the critical analysis of 
information and better control of different 
situations and life events.
In order to overcome the shortcomings of 

different conceptual frameworks of health literacy, 
Sorensen et al. (4) constructed an integrated 
model of health literacy that includes the main 
dimensions of existing conceptual models. In 
the central part of the model, the following four 
dimensions of health literacy are presented: 
access to information about health, understanding 
of health related information, interpretation 
of information about health and application of 
information about health (4). 

Health literacy of adolescents
The health literacy of adolescents has 

specificities compared to the health literacy of 
adults, because this is a key stage of development 
and developed skills necessary for improving 
health can remain throughout life (10). Adolescents 
are expected to understand the increasingly 
complex health information, a large amount of 
educational materials provided by health workers 
and educational system, as well as to become 
responsible for their health (16).

A systematic analysis has confirmed a positive 
correlation between higher levels of health literacy 
and better outcomes related to adolescents’ 
health (17), while a cross-sectional study, which 
was conducted among the adolescents in China 
about their attitudes to vaccination against Covid-
19, showed that hesitancy to get vaccinated was 
associated with the limited level of health literacy 
(18).

Given that young people spend much time in 
the school environment, it would be important 
to implement activities for improving the health 
literacy of students, as well as their parents 
and professors. Therefore, the World Health 
Organization (WHO) has engaged in numerous 
actions for improving health through promoting 
and improving health literacy, while the educational 
sector has been recognized as the most important 
environment for this (2).
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domen merenja zdravstvene pismenosti i način pri-
kupljanja podataka (subjektivno procenjivanje vrši 
ispitanik samostalno – test samoprocene veština, 
dok je za objektivno procenjivanje potrebna asis-
tencija edukovanog zdravstvenog profesionalca) 
prikazano je u Tabeli 3.

Od 9 instrumenata za procenu zdravstvene 
pismenosti adolescenata, 6 procenjuje zdravst-
venu pismenost u sva tri domena (funkcionalna, 
interaktivna i kritička), što govori u prilog dava
nju značaja osnaživanju adolescenata u promoci-
ji zdravlja. Poređenje instrumenata u odnosu na 

Autor Naziv instrumenta Tip merenja Vreme potrebno 
za popunjavanje/

Broj pitanja

Populacija 
u kojoj su 
validirani

Jezik na 
kome je 
validiran

Chang, et al. 
(2012)

Kineska verzija kratke forme 
instrumenta za procenu funkcionalne 
zdravstvene pismenosti adolescenata 
(engl. Chinese version of short-form 
Test of Functional Health Literacy in 
Adolescents – c-sTOFHLAd)

Razumevanje 
pročitanog teksta

11 minuta/
36 stavki

Adolescenti 
10-17 godina

Tajvanski

Manganello, et 
al. (2017) 

Instrument za brzu procenu pismenosti 
adolescenata u medicini – kratka forma 
(engl. Rapid Estimate of Adolescent 
Literacy in Medicine Short Form – 
REALM-TeenS)

Test prepoznavanja 
i izgovaranja 
medicinskih 
reči, numeričke 
sposobnosti

4 min/
10 pitanja

Adolescenti 
10-17 godina

Engleski

Domanska, et al. 
(2020) 

Skala za merenje zdravstvene 
pismenosti adolescenata (engl. 
Measurement of Health Literacy 
Among Adolescents Questionnaire –  
MOHLAA-Q)

Razumevanje 
zdravstvenih 
informacija

Neograničeno 
vreme/

29 pitanja

Adolescenti 
14-17 godina

Nemački

Bollweg, et al. 
(2020)

Evropski upitnik za procenu zdravstvene 
pismenosti – verzija upitnika 
prilagođena uzrastu (engl. Age Adapted 
Survey version of the European Health 
Literacy Questionnaire for fourth-
graders – HLS-Child-Q15)

Test razumevanja, 
primena 
zdravstvenih 
informacija, 
komunikacija: 
veština slušanja

10 minuta/
15 pitanja

Deca 0-9 godina
Adolescenti 

10-17 godina

Nemački

Bechraki, et al. 
(2022) 

Instrument procene zdravstvene 
pismenosti učenika srednje škole (engl. 
Instrument for the Health Literacy 
Assessment of Secondary School 
Students – HELiASeSS)

Traženje, 
razumevanje, 
procena, 
zdravstvenih 
informacija; 
Komunikacijske 
veštine

Neograničeno 
vreme/

37 pitanja

Adolescenti 
10-17 godina

Grčki

Manganello 
(2015) 

Skala za procenu zdravstvene 
pismenosti adolescenata (engl. 
Health Literacy Assessment Scale for 
Adolescents – HAS-A)

Traženje, 
razumevanje 
i obrada 
zdravstvenih 
informacija

Neograničeno 
vreme/

15 pitanja

Adolescenti 
10-17 godina

Engleski

Ghanbari, et al. 
(2016)

Instrument za procenu zdravstvene 
pismenosti adolescenata (engl. Health 
Literacy Measure for Adolescents – 
HELMA)

Razumevanje 
pročitanog teksta, 
komunikacijske i 
numeričke veštine, 
primena zdr.
informacija

Neograničeno 
vreme/

44 pitanja

Adolescenti 
14-17 godina

Engleski

Norman and 
Skinner (2006) 

Instrument za procenu elektronske 
zdravstvene pismenosti (engl. eHealth 
Literacy Scale-eHEALS)

Pristupanje, 
procena i primena 
zdravstvenih 
informacija

Neograničeno 
vreme/

8 pitanja

Adolescenti
13-21 godina

Engleski

Abel, et al. 
(2014)

Instrument za procenu zdravstvene 
pismenosti sa 8 stavki (engl. Health 
Literacy Assessment Tool – HLAT-8)

Pronalaženje, 
razumevanje 
i primena 
zdravstvenih 
informacija

Neograničeno 
vreme/

8 pitanja

Adolescenti 
18-24 godine

Engleski

Tabela 2. Pregled instrumenata za procenu zdravstvene pismenosti adolescenata prema tipu i načinu 
primene
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instruments of self-assessment of skills and levels of 
health literacy are realized by respondents, which 
indicates that the instruments of self-assessment 
are more often used in practice for the assessment 
of health literacy. Similar results were shown in the 
review article by Guo et al. (20), while the use of 
instruments of self-assessment is a cheaper and 
easier option for the collection of data, although 
it may have certain disadvantages. Namely, 
adolescents are still, to a great extent, dependent 
on their parents when it comes to making health-
related decisions, so if they filled out the self-

promotion. The comparison of instruments in 
relation to the domain of measuring health literacy 
and the method of collecting data (subjective 
assessment is performed by the respondent 
independently – self-assessment of skills, while 
objective assessment requires the assistance of 
educated health professional) was shown in Table 
3.

By analyzing the identified instruments, it was 
observed that only the REALM-TeenS instrument 
requires the presence of an educated health 
worker who will carry out testing, while the other 
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Author Instrument’s name Type of 
measurement

Time needed 
to complete/

Number of 
questions

Population in 
which it was 

validated

Language 
in which 

it was 
validated

Chang, et al. 
(2012)

Chinese version of short-form Test 
of Functional Health Literacy in 
Adolescents (c-sTOFHLAd)

Reading 
comprehension

11 minutes/
36 items

Adolescents 
10-17 years

Taiwanese 

Manganello, et 
al. (2017) 

Rapid Estimate of Adolescent Literacy in 
Medicine Short Form  (REALM-TeenS)

Test of recognizing 
and understanding 
medical words, 
numerical abilities

4 min/
10 questions

Adolescents 
10-17 years

English

Domanska, et al. 
(2020) 

Measurement of Health Literacy Among 
Adolescents Questionnaire (MOHLAA-Q)

Understanding 
health related 
information

Time is not 
limited/

29 questions

Adolescents 
14-17 years

German

Bollweg, et al. 
(2020)

Age Adapted Survey version of the 
European Health Literacy Questionnaire 
for fourth-graders (HLS-Child-Q15)

Test of 
understanding, 
application of 
health information, 
communication: 
listening skill

10 minutes/
15 questions

Children 0-9 
years

Adolescents 
10-17 years

German

Bechraki, et al. 
(2022) 

Instrument for the Health Literacy 
Assessment of Secondary School 
Students (HELiASeSS)

Searching for, 
understanding, 
evaluating health 
information; 
communication 
skills

Time is not 
limited/

37 questions

Adolescents 
10-17 years

Greek

Manganello 
(2015) 

Health Literacy Assessment Scale for 
Adolescents (HAS-A)

Searching for, 
understanding and 
analyzing health 
information

Time is not 
limited/

15 questions

Adolescents 
10-17 years

English

Ghanbari, et al. 
(2016)

Health Literacy Measure for Adolescents 
(HELMA)

Reading 
comprehension, 
communication 
and numerical 
skills, application of 
health information

Time is not 
limited/

44 questions

Adolescents 
14-17 years

English

Norman and 
Skinner (2006) 

eHealth Literacy Scale (eHEALS) Accessing, 
evaluating and 
applying health 
information

Time is not 
limited/

8 questions

Adolescents
13-21 years

English

Abel, et al. 
(2014)

Health Literacy Assessment Tool (HLAT-
8)

Finding, 
understanding and 
applying health 
information

Time is not 
limited/

8 questions

Adolescents
18-24 years

English

Table 2. Review of instruments for the assessment of health literacy in adolescents according to the type 
and method of application
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HELMA su dostupni za preuzimanje te bi mogli biti 
primenjeni za buduća istraživanja zdravstvene pis-
menosti u adolescentskoj populaciji.

U budućim istraživanjima trebalo bi još detalj
nije analizirati instrumente za procenu zdravst-
vene pismenosti adolescenata, a posebno njihovu 
validnost i pouzdanost.

Zaključak
Od analiziranih instrumenata za procenu 

zdravstvene pismenosti adolescenata 6 procenjuje 
zdravstvenu pismenost u sva tri domena, te bi bili 
adekvatniji za primenu od instrumenata koji pro-
cenjuju samo određenu veštinu zdravstvene pis-
menosti. Neophodna su dalja istraživanja u ovoj 
oblasti, a posebno procena njihove validnosti i 
pouzdanosti.
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literacy skill. Further research in this field is 
necessary, especially the assessment of their 
validity and reliability. 
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SAŽETAK

Savremena medicina i tehnologija su od sredine dvadesetog veka znatno napredovale, ali transplantacijska 
medicina je još uvek tema o kojoj se raspravlja, kako na medicinskom, tako i na religijskom, pravnom i 
etičkom polju. Da bi se izvršila transplantacija organa, bilo da je reč o srodnoj, nesrodnoj ili kadaveričnoj 
transplantaciji potrebno je da se ispuni niz uslova kako bi se uradila adekvatna priprema bolesnika i 
potencijalnog donora. Za ovaj pregledni rad služili smo se relevantnim literaturalnim podacima koristeći 
baze, kao što su: PubMed, SCOPUS, Srpski citatni indeks i dr. Sve publikacije odnosile su se na etičke 
principe i pravne aspekte transplantacije i donacije organa, kako u svetu tako i u Crnoj Gori. Osvrnuli smo 
se na Istanbulsku deklaraciju koju je potpisala i Crna Gora. 

Ključne reči: Donacija organa, Istanbulska deklaracija, transplantacija, religija, etika
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STRUČNI RAD

Uvod
Transplantacija i donacija organa je započe-

la da se primenjuje u drugoj polovini dvadesetog 
veka i ovaj modalitet zamene funkcije solitarnih 
organa je znatno produžio život bolesnika i po-
boljšao njihov kvalitet života, ali transplantacijs-
ka medicina i pored biomedicinskih i tehnoloških 
dostignuća, još uvek predstavlja složenu etičku 
dilemu (1). Savremena medicina i tehnologija su 
znatno napredovale, ali transplantacijska medici-
na je još uvek tema o kojoj se raspravlja, kako na 
medicniskom, tako i na religijskom, pravnom i 
etičkom nivou (1). Transplantacija je prihvaćena 
kao tretman izbora za bolesnike sa terminalnim 
stadijumom bolesti solidnih organa (2), ali bez 
obzira na etičke i pravne dileme, transplantacija 
organa je jasno definisana i medicinski opravdana 
intervencija (3). Određivanje prioriteta u odluci o 
transplantaciji organa može biti i  etička dilema uz-
rokovana nedostatkom organa, kao i religijskim i 
filozofskim poimanjem smisla života i smrti (4,5). 

Etički aspekti transplantacije organa i 
transplantacijski turizam

Kroz istoriju medicine razvijale su se nove tera-
pijske metode lečenja koje su omogućavale trans-
plantaciju tkiva i organa uspešnom, ali takođe 
ovo polje medicine je stalno pod pritiskom bro-
jnih etičkih i moralnih dilema (6). Trgovina org-
anima strogo je zabranjena od strane nekoliko 
nefroloških društava u mnogim zemljama sveta, 
kao i u Crnoj Gori. Istraživanja nam sugeriše da 
je ova praksa široko rasprostranjena i toleriše se 
u mnogim zemljama, pa su u nedostatku univer-
zalnog zakona moguće i određene zlouptrebe (7). 
Uprkos Istanbulskoj deklaraciji koja je strogo defini-
sala stav protiv trgovine organima, kontroverza 
oko plaćenog doniranja organa u nekim državama 
ostaje otvorena (8). Što se tiče religijskih aspekata, 
Islam je religija koja podrazumeva da svaki pojedi-
nac poseduje dušu i telo. Etička pitanja vezana za 
transplantaciju i doniranje organa u Islamu proizi-
laze iz islamskih principa, a Časni Kur'an kaže „A 
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SUMMARY

Modern medicine and technology have advanced significantly since the mid-twentieth century, but 
transplant medicine is still a hotly debated topic, both medically and religiously, legally and ethically. In 
order to carry out an organ transplant, whether it is related, unrelated or cadaveric transplantation, a 
number of conditions must be met in order to adequately prepare the patient and the potential donor. 
For this review, we used relevant literary data using databases such as: PubMed, SCOPUS, Serbian 
Citation Index, etc. All publications related to ethical principles and legal aspects of transplantation and 
organ donation, both in the world and in Montenegro. We referred to the Istanbul Declaration, which 
was also signed by Montenegro.

Key words: Organ donation, Istanbul Declaration, transplantation, religion, ethics 
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Introduction
Transplantation and organ donation began 

in the second half of the twentieth century and 
this modality of replacing the function of solitary 
organs extends significantly the lives of patients 
and improves their quality of life, however, trans-
plantation medicine, despite its biomedical and 
technological achievements, still presents a com-
plex ethical dilemma (1). Modern medicine and 
technology have improved considerably, but trans-
plantation medicine is still a topic of debate at the 
medical, religious, legal and ethical level (1). Trans-
plantation has been accepted as the treatment of 
choice for patients with terminal disease of solid 
organs (2), but regardless of ethical and legal di-
lemmas, organ transplantation is a clearly defined 
and medically justified intervention (3). Determin-
ing priorities while making decision about organ 
transplantation can be an ethical dilemma caused 
by the lack of organs, as well as by religious and 
philosophical understanding of the meaning of life 
and death (4,5).

Ethical aspects of organ transplantation 
and transplant tourism

Throughout the history of medicine, new ther-
apeutic methods of treatment were developed, 
which enabled successful tissue and organ trans-
plantation, however, this field of medicine is also 
constantly under the pressure of numerous ethical 
and moral dilemmas (6). Trade in organs has been 
strictly prohibited by several societies of nephrol-
ogy in many countries of the world, as well as in 
Montenegro. Research suggests that this prac-
tice is widespread and that it is tolerated in many 
countries, and therefore, in the absence of uni-
versal law, certain abuses are possible (7). Despite 
the Istanbul Declaration, which strictly defined the 
position against organ trafficking, the controversy 
related to the paid organ donation in some coun-
tries remains open (8). As far as religious aspects 
are concerned, Islam is a religion that assumes 
that each individual has a body and a soul. Ethi-
cal issues related to transplantation and organ do-
nation in Islam arise from Islamic principles, and 
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ko bude takav, ako ikada oživi dušu, biće kao da je 
dao život celom čovečanstvu” (9). Katolička crkva 
se ne protivi transplantaciji i doniranju organa, već 
se naprotiv poziva na poruku pape Ivana Pavla II, 
koja glasi „Ko je rekao da jeste greh zakopati sve 
što čoveku može poslužiti” (10). U literaturi nismo 
pronašli da se pravoslavna crkva protivi donaciji 
organa ili da o tome navodi svoj stav (11). 

Svedoci smo da trgovina organima i trans-
plantacioni turizam, postoji u svetu, a posebno u 
nerazvijenim zemljama (12). Istanbulska deklaraci-
ja sugeriše da su siromašni ljudi prinuđeni da 
prodaju svoje organe i da su time eksploatisani od 
strane ljudi koji dolaze iz bogatih zemalja da bi im 
se uradila transplantacija. Učesnici samita u Istan-
bulu su zaključili da transplantacijski komercijali-
zam, koji cilja na ranjive grupe ljudi iz siromašnih 
zemalja, treba sistem da zaštiti od eksploatacije 
i potrebno je razvijati Nacionalne programe za 
transplantaciju i doniranje organa, kako bi se ovaj 
trend smanjio ili eliminisao (13). Studije rađene u 
Sjedinjenim Američkim Državama (SAD) ukazuju 
da zbog stalnog nedostatka donora organa, trans-
plantacijski turizam se sve više razvija i do danas 
nije bilo dovoljno objavljenih radova koji bi po-
mogli u adekvatnom vođenju programa američkih 
transplantacijskih centara u vezi s transplantaci-
jskim turizmom (14,15). Prema procenama svetske 
zdravstvene organizacije (SZO), u nekim azijskim 
zemljama, poput Indije, Indonezije, Izraela, Kine, 
Pakistana i latinoameričkim zemljama, poput Ek-
vadora i Bolivije, svake godine se uradi oko 10.000 
protivzakonitih transplantacija i godišnja zarada od 
ovih kriminalnih radnji dostiže oko milijardu amer-
ičkih dolara (16). 

Najveća smrtnost od posledica infekcije i rano 
odbacivanje transplantiranog organa, pojava di-
jabetesa kao posledice neadekvatnog doziranja 
kortiko i imunosupresivne terapije dešava se kod 
pacijenata kojima je nelegalno urađena trans-
plantacija organa (17).

Vlada Narodne Republike Kine je osudila or-
ganizacije za transplantaciju i proglasila je neza-
konitim davanje organa za transplantaciju stranim 
turistima od zatvorenika nad kojima je izvršena eg-
zekucija (18). U Indiji trenutno postoji preko 120 
centara za transplantaciju organa gde se obavi od 
3.500 do 4.000 transplantacija bubrega godišn-
je. Uprkos zakonu o transplantaciji koji je donet 
u Indiji 1994. godine, indijski mediji redovno iz-
veštavaju o trgovini organima, a posebno trgovini 

bubrega (19). Kako bi se zaustavio transplantacijski 
turizam i obezbedio optimalan tretman za građane 
sa terminalnom bubrežnom insuficijencijom, Crna 
Gora je u septembru 2012. godine izvršila prvu ka-
daveričnu transplantaciju bubrega. 

Uprkos činjenici da je transplantacija organa 
produžila i poboljšala živote mnogih bolesnika 
širom sveta, rasprostranjeni nedostatak donora 
i dalje je glavni faktor koji je doveo do trgovine 
organima. Procenjuje se da 10% transplantacija 
organa u svetu uključuje ovu praksu, što čini čak 
dve trećine transplantacija u Pakistanu za primaoce 
organa iz inostranstva (20-23). Skupština Svetske 
zdravstvene organizacije je 2004. godine pozva-
la države članice da zaštite siromašno i ugroženo 
stanovništvo od eksploatacije kroz praksu ilegalne 
trgovine organima, koja je postala raširena širom 
sveta. U 2008. godini, Međunarodna zajednica za 
transplantaciju organa sazvala je samit stručnjaka 
za transplantaciju iz oblasti, pravnih stručnjaka i 
etičara za borbu protiv trgovine organima, trans-
plantacijskog turizma i komercijalizma iste, što je 
rezultiralo Istanbulskom deklaracijom (22). 

Milijić i sardanici navode da je uzrok malog 
broja donora organa u Srbiji povezan sa neobav-
eštenošću, zatim sa strahom od doniranja organa 
i dilemama oko etičkih i pravnih pitanja vezanih 
za transplantaciju organa (24). Studija preseka 
sprovedena u Crnoj Gori, autora Peličića i sarad-
nika, na populaciji od 400 ispitanika, zdravstvenih 
radnika i opšte populacije koja se odnosi na so-
cio-demografske i verske aspekte transplantacije 
organa, ukazuje da zdravstveni radnici i opšta pop-
ulacija u Crnoj Gori smatraju da religija nema uti-
caja na negativne stavove prema transplantaciji i 
doniranju organa, ali da su zabrinuti da se organi 
neće koristiti u prave svrhe (25). Studija o etičkim 
aspektima transplantacije u Crnoj Gori ukazuje da 
je u predlogu mera potrebno osmisliti strategiju 
kako bi se povećalo poverenje da će se doniran-
je organa vršiti samo u prave svrhe, kako bi se iz-
begle zloupotrebe i gubitak poverenja od strane 
građana (26). Od septembra 2012. godine, kada 
je uz podršku Kliničko bolničkog centra u Zagrebu 
i medicinskog tima Kliničkog centra Crne Gore u 
Podgorici, obavljena prva transplantacija organa, 
smanjen je broj pacijenata koji su plaćali organe, a 
posebno bubrege, u odnosu na period pre uvođe
nja ovog programa transplantacije. Međutim, ako 
kontinuirano ne razvijamo program transplantaci-
je organa od preminulog donora, u budućnosti se 
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the holy Quran says: “and whoever is like that, if 
he ever revives soul, it will be as if he gave life to 
all mankind” (9). The Catholic Church is not op-
posed to transplantation and organ donation, but 
on the contrary, it refers to the message of Pope 
John Paul II, which reads: “who said that it is a sin 
to bury everything that can be useful to a man” 
(10). We have not found in the literature that the 
Orthodox Church is opposed to organ donation or 
that it stated its attitude towards that (11).

We are witnesses that organ trade and trans-
plant tourism exist in the world, especially in un-
derdeveloped countries (12). The Istanbul Decla-
ration suggests that poor people are forced to sell 
their organs and that they are exploited by people 
who come from rich countries to get a trans-
plant. The participants of the summit in Istanbul 
concluded that transplant commercialism targets 
vulnerable groups of people from poor counties, 
who need to be protected from exploitation by 
the system, and that it is necessary to develop 
National Programs for transplantation and organ 
donation in order to reduce or eliminate this trend 
(13). Studies, which have been conducted in the 
United States of America (USA), indicate that, due 
to the constant lack of organ donors, transplant 
tourism is increasingly developing and there have 
not been enough published studies that would 
help to adequately manage the programs of Amer-
ican transplantation centers related to transplant 
tourism (14,15). According to the estimates of the 
World Health Organization (WHO) in some Asian 
countries, such as India, Indonesia, Israel, China, 
Pakistan and Latin American countries, such as Ec-
uador and Bolivia, about 10,000 illegal transplants 
are carried out every year, while the annual income 
from these criminal activities reaches about billion 
US dollars (16).

The highest mortality as a result of infection 
and early rejection of the transplanted organ, the 
occurrence of diabetes as a result of inadequate 
dosing of corticosteroids and immunosuppressive 
therapy appears in patients who illegally under-
went organ transplantation (17). 

The government of the People’s Republic of 
China condemned transplant organizations and 
declared that it is illegal to give organs from exe-
cuted prisoners to foreign tourists (18). There are 
currently more than 120 centers for organ trans-
plantation in India, where 3,500 to 4,500 renal 
transplantations are done annually. Despite the 

transplant law, which was passed in India in 1994, 
the media in India regularly report on organ traf-
ficking, especially kidney trafficking (19). In order 
to stop transplant tourism and ensure the optimal 
treatment for citizens with terminal kidney failure, 
the first cadaveric kidney transplant was done in 
Montenegro in 2012.

Despite the fact that organ transplantation 
has prolonged and improved the lives of many pa-
tients around the world, the widespread lack of 
donors is still a major factor that has led to organ 
trafficking. It has been estimated that 10% of 
organ transplants worldwide include this practice, 
which makes as many as two-thirds of transplants 
in Pakistan for foreign organ recipients (20-23). In 
2004, the Assembly of the World Health Organi-
zation called member states to protect the poor 
and endangered population from the exploita-
tion through the practice of illegal organ trade, 
which has become widespread around the world. 
In 2008, the International Organ Transplantation 
Community convened a summit of transplantation 
experts from that field, legal experts and ethicists 
to combat organ trafficking, transplant tourism 
and commercialism, which resulted in the Istanbul 
Declaration (22).

Milijić and associates claim that the cause of 
the small number of donors in Serbia is related 
to lack of information, followed by fear of organ 
donation and dilemmas regarding ethical and 
legal issues related to organ transplantation (24). 
A cross-sectional study by Peličić and associates, 
which was conducted in Montenegro on the pop-
ulation of 400 respondents, including healthcare 
workers and general population, and which re-
ferred to the socio-demographic and religious 
aspects of organ transplantation, showed that 
health workers and general population in Mon-
tenegro believe that religion has no influence on 
negative attitudes towards transplantation and 
organ donation, but that they are worried that the 
organs will not be used for the right purposes (25). 
A study on the ethical aspects of transplantation 
in Montenegro indicates that a strategy needs to 
be developed within the proposed measures in 
order to increase trust that organ donation will 
be done only for the right purposes, so that the 
abuses would be avoided, as well as loss of trust 
of citizens (26). Since 2012, when the first organ 
transplant was performed with the support of the 
Clinical Hospital Center in Zagreb and the medical 
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može očekivati transplantacijski turizam, a naša 
država treba da uloži više napora ukoliko želimo 
da unapredimo program transplantacije u Crnoj 
Gori (26). Iz svega navedenog, nameće se pitanje, 
šta to nauka može da uradi za dobrobit bolesnika i 
šta zdravstveni radnik sme da uradi za njega, kako 
bi mu olakšao i produžio životni vek i poboljšao 
njegov kvalitet života, a da time ne ugrozi život po-
tencijonalnih donora i primaoca organa (27).  

Zaključak
Ovo je složena tema koja zahteva informacije, 

ne samo iz oblasti medicinskih istraživanja, već i 
na pravnom, religijskom i etičkom polju. Prilikom 
pripreme donora i recipijenta za transplantaciju 
organa, pored medicinskih indikacija, potrebno je 
poštovati Istanbulsku deklaraciju, posebno etičke 
i pravne norme kako bi se izbegle zloupotrebe u 
vezi sa transplantacijom organa. Ova tema je pred-
met kontinuiranog razmatranja mnogih naučnika 
i istraživača, jer ni jedno polje u biomedicini nije 
toliko osetljivo po pitanju etičkih, pravnih i religi-
jskih dilema, kao što je to transplantacijska medici-
na. Naučnici u svetu navode da je transplantacijs-
ki turizam u stalnom porastu i pacijenti mogu biti 
izloženi riziku od većeg broja posttransplantacijskih 
komplikacija (najčešće infekcija koje su rezistentne 
na antibiotike, neadekvatne primene imunosupre-
sivne tarapije, neadekvatne nege i rizika od krvlju 
prenosivih infekcija).
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team from the Clinical Center of Montenegro in 
Podgorica, the number of patients who paid for 
organs, especially kidneys, has decreased in the 
period before the introduction of this transplant 
program. However, if we do not continuously de-
velop the program of organ transplantation from 
a deceased donor, transplant tourism can be ex-
pected in the future, and our country should make 
more efforts if we want to improve the transplan-
tation program in Montenegro (26). Based on the 
above mentioned, the question arises, what can 
science do for the benefit of patients, and what 
the healthcare worker is allowed to do to make his 
life easier, to extend his life and improve his qual-
ity of life, not endangering the lives of potential 
donors and organ recipients (27).

Conclusion
This is a complex topic that requires informa-

tion, not only from the fields of medical research, 
but also from legal, religious and ethical fields. 
During the preparation of donors and recipients 
for organ transplantation, in addition to medical 
indications, it is necessary to respect the Istanbul 
Declaration, especially ethical and legal norms in 
order to avoid abuses related to organ transplan-
tation. This issue is the topic of continuous consid-
erations of numerous scientists and researchers, 
because no field in biomedicine is as sensitive to 
ethical, legal and religious dilemmas as transplan-
tation medicine. Scientists in the world state that 
transplant tourism is constantly increasing and 
patients may be exposed to the risk of a greater 
number of post-transplantation complications 
(most frequently infections that are resistant to 
antibiotics, inadequate implementation of immu-
nosuppressive therapy, inadequate care and the 
risk of blood-borne infections).
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SAŽETAK

Industrija 4.0, odnosno četvrta industrijska revolucija, je doprinela ogromnom napretku znanja i nauke 
u mnogim različitim oblastima života. Cilj ovog rada je da prikaže trenutne i potencijalne primene 
modernih tehnologija kao dirktna posledica Industrije 4.0 u medicini i stomatologiji i stvaranje koncepta 
Medicina 4.0 i Stomatologija 4.0. Industrija 4.0 ima veliki uticaj na sve oblasti savremene nauke, ali i 
na medicinu i stomatologiju. Očigledno je da se celokupno zdravstvo transformisalo u potpuno novi, 
moderan i drugačiji oblik - Zdravstvo 4.0 sa velikim benefitima od Industrije 4.0. To znači bolju i sigurniju 
budućnost u smislu optimiziranih medicinskih usluga i lečenja, mnogo veći procenat izlečenih pacijenata, 
virtuelnih medicinskih i stomatoloških klinika za konsultacije uz pomoć telemedicine i još mnogo toga. 
Takođe, industrija 4.0 je omogućila brzu i kvalitetnu poizvodnju različitih vrsta medicinskih i dentalnih 
implantata, što doprinosi značajnom smanjenju troškova. Upotreba novih digitalnih tehnologija, novih 
koncepata u radu omogućava potpuno novi pristup i mnogo bolje rezultate u medicini i stomatologiji. 

Ključne reči: tehnologija, Industrija 4.0, Medicina, Stomatologija, Zdravstvo
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Uvod
Razvoj Industrije 4.0, odnosno četvrte industri-

jske revolucije, predstavlja veliki korak u ljudskoj is-
toriji u smislu razvoja nauke i tehnologije. Upotreba 
novih tehnologija dovela je čovečanstvo do ne-
zamislivih dostignuća. Tehnologija i njene primene 
su toliko napredovale da su unapredile skoro sve 
sfere života i rada ljudi. Ove promene i inovacije 
su izazvale mnoge promene i inovacije u medicini i 
stomatologiji, tako da je postignut novi nivo i novi 
koncept ovih oblasti – Medicina 4.0 i Stomatologi-
ja 4.0. Medicina i stomatologija sada imaju svoj 
„oblak“ (eng. cloud) i virtuelne modele, kao i vir-
tuelne pacijente (1,2). Pod „oblak“ se podrazume-
va veliki broj računara sa svim mogućim resursima 
koji se tretiraju kao jedan virtuelan računar. Klini-
ke, laboratorije, menadžment, osoblje, proizvodn-
ja, lečenje, informacije i usluge su povezani i um-
reženi preko Interneta. Pacijenti imaju poboljšan 
pristup medicinskim i stomatološkim službama i 
klinikama. Troškovi su značajno smanjeni. Dijagno-
ze se postavljaju ranije, što implicira bolje lečenje, 

kao i bolje efekte i ishode lečenja. Za intervencije 
je potrebno kraće vreme. Komunikacija i zaštita 
podataka su na veoma visokom nivou. 

Ranije, doktori nisu bili upoznati sa korišćen-
jem kompjutera, ali danas upotreba više komp-
jutera, uređaja, robota predstavlja realnost i trend. 
Jedna od važnih stvari je precizna i efikasna eduk-
acija, pomoć i sugestije medicinskom i stomatološ-
kom osoblju “na daljinu” u realnom vremenu. 
Takođe, značajno treba povećati produktivnost 
u medicinskim i stomatološkim uslugama, jer su 
osnova za efikasno pružanje kvalitetnih usluga 
(1,2). Naravno, to će zahtevati značajna finansijs-
ka sredstva, ali kada se uporede efekti i investicije, 
efekti jesu i biće gotovo neverovatni.

Cilj ovog rada je da prikaže trenutne i potenci-
jalne primene modernih tehnologija kao direktna 
posledica Industrije 4.0 u medicini i stomatologiji 
i stvaranje koncepta Medicina 4.0 i Stomatologija 
4.0. 
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SUMMARY

Industry 4.0, i.e. the fourth industrial revolution, has contributed to enormous progress of knowledge 
and science in many different areas of life and brought lots of benefits. The aim of this paper is to present 
the current and potential applications of modern technologies as direct consequence of Industry 4.0 in 
medicine and dentistry and designing the Medicine 4.0 and Dentistry 4.0 concept. Industry 4.0 has a 
great influence on every field of modern science, and also on medicine and dentistry. It is obvious that 
complete healthcare transforms in the totally new, modern and different form - Healthcare 4.0 with a 
huge benefit from Industry 4.0. This means a better and safer future in the form of optimized medical 
services and treatment, much bigger percentage of cured patients, virtual medical and dental clinics with 
telemedicine consultations and lot of other things. Also, industry 4.0 enabled the fast and high-quality 
production of various types of medical and dental implants, which contributes to a significant reduction 
in costs. The use of new digital technologies and new concepts enable a completely new approach and 
better results in medicine and dentistry. 

Key words: technology, digitalisation, Industry 4.0, Medicine, Dentistry, Healthcare
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Introduction
The development of Industry 4.0, i.e. the 

fourth industrial revolution, presents a great step 
in human history in the sense of the development 
of science and technology. The use of new tech-
nologies has brought humanity to unimaginable 
achievements. Technology and its applications 
have advanced so much that they have improved 
almost all sphere of human work and life. These 
changes and innovations caused many changes 
and innovations in medicine and dentistry and 
therefore, a new level and new concept of these 
spheres - Medicine 4.0 and Dentistry 4.0 were 
achieved (1,2).  Medicine and dentistry now have 
their own “cloud“ and virtual models, as well as 
virtual patients. The cloud means a large number 
of computers with all possible resources that are 
treated as one virtual computer. Clinics, laborato-
ries, management, personnel, production, treat-
ment, information and services are connected via 
the Internet. Patients have an improved access 

to medical and dental services and clinics. Ex-
penses are significantly reduced. Diagnoses are 
established much earlier, which implies better 
treatment, as well as better treatment effects and 
outcomes. Interventions demand shorter time. 
Communication and data protection are at a very 
high level. 

Before, doctors were not familiar with com-
puters, but today, manipulation with more com-
puters, devices, robots present reality and trend. 
One of the important things is the precise and ef-
fective education, help and suggestions given to 
medical and dental personnel at a distant place in 
real time. Also, productivity in medical and dental 
services should be significantly increased, because 
they are the basis for efficient provision of quality 
services (1,2). Of course, it will demand significant 
financial resources but, when effects and invest-
ment are compared, effects are and will be almost 
unbelievable.  
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mogu reagovati na određene parametre (npr. na 
pritisak ili temperaturu). Ovakvi implantati, koji se 
koriste u medicini i stomatologiji su se pokazali kao 
mnogo prikladniji za pacijente (1,2). Oni moraju 
biti napravljeni tako da budu neko vreme ili ceo 
život u telu čoveka. Primer pametnog implantata u 
stomatologiji i medicini je prikazan na slici 2.

Digitalna klinika i digitalna stomatološka or-
dinacija predstavljaju nove i moderne termine. 
Tehnologije Industrije 4.0 omogućile su najbolji 
način upravljanja i distribucije informacija u medi-
cini i stomatologiji putem Interneta. Upravljanje 
laboratorijom, vođenje evidencije i mnoge druge 
prednosti su veoma važne u funkcionisanju digi-
talne klinike i digitalne stomatološke ordinacije. 
Industrija 4.0 takođe omogućava laku dijagnostiku 
u medicini i stomatologiji. Sistem koji predstavlja 
digitalnu bolnicu ili kliniku 4.0 na osnovu „cloud“ 
kompjuterskog modela dat je na slici 3 (1,2). 

Primena tehnologija Industrije 4.0 u medi-
cini i stomatologiji  

Jedna od veoma interesantnih primena Indus-
trije 4.0 su personalizovani medicinski i dentalni 
implantati. Zahvaljujući velikoj količini podataka, 
uspostavljaju se lake i brze veze između različi-
tih pretraživača podataka. Industrija 4.0 je omo-
gućila brzu i kvalitetnu poizvodnju različitih vrsta 
medicinskih i dentalnih implantata, zbog obilja ra-
zličitih informacija. Takođe, kompletni troškovi su 
značajno smanjeni (1,2). Pravu revoluciju kada su u 
pitanju implantati donela je upotreba 3D štampe. 
Primer dentalnog i medicinskog implantata dat je 
na slici 1.

Pametni implantati su veliko dostignuće mod-
ernih tehnologija. Savremeni implantati koji se ko-
riste u medicini i stomatologiji mogu se proizvoditi 
veoma precizno i mogu se pratiti na daljinu u real-
nom vremenu. Uz upotrebu pametnih materijala, 
implantati mogu biti složenog i različitog oblika i 

Slika 1. Primer dentalnog i medicinskog implantata
Izvor: https://www.1888implant.com/dental-im-
plants-procedures.html/; https://www.youtube.
com/watch?v=hOMKaaCnxEc&ab_channel=UC-

DavisHealth

Slika 2. Primer pametnog implantata u medicini i 
stomatologiji

Izvor: https://benhvienranghammatsg.vn/cay-
ghep-rang-implant-co-tot-khong/; https://www.

biomag-medical.com/joint-arthroses/
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and medical implant is presented in Figure 1.
Smart implants are the great achievement of 

modern technologies. Modern implants used in 
medicine and dentistry can be produced very pre-
cisely and they can be monitored at the distant 
place in real time. With the use of smart materi-
als, implants can be made to have a different and 
complex shape and they can react on some par-
ticular parameters (pressure or temperature, for 
example). Those implants, used in medicine were 
shown as more appropriate for patients (1,2). They 
must be made to be on the specific place in the 
human body for some time or for whole life of the 
patient. An example of smart implant in dentistry 
and medicine is presented in Figure 2.

Digital clinic and digital dental office present 
new and modern terms. Technologies of Industry 
4.0 provided the best way of information man-
aging and distribution in medicine and dentistry 

The aim of this paper is to present the current 
and potential applications of modern technologies 
as direct consequence of Industry 4.0 in medicine 
and dentistry and designing the Medicine 4.0 and 
Dentistry 4.0 concept. 

Applications of technologies of Industry 
4.0 in medicine and dentistry

One of the very interesting applications of 
Industry 4.0 is personalized medical and dental 
implants. Thanks to the large amount of data, 
easy and fast connections between different data 
browsers. Industry 4.0 has enabled the fast and 
high-quality production of various types of med-
ical and dental implants, due to the abundance of 
different information. Also, complete costs are sig-
nificantly reduced (1,2). The real revolution related 
for dental and medical implants has been started 
with the use of 3D printers). An example of dental 

Figure 1. An example of dental and medical 
implant 

Source: https://www.1888implant.com/den-
tal-implants-procedures.html/; https://www.

youtube.com/watch?v=hOMKaaCnxEc&ab_chan-
nel=UCDavisHealth

Figure 2. An example for smart implant in 
dentistry and medicine

Source: https://benhvienranghammatsg.vn/cay-
ghep-rang-implant-co-tot-khong ; https://www.

biomag-medical.com/joint-arthroses/
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Slika 3. Digitalna klinika 4.0 na osnovu „cloud“ kompjuterskog modela

Slika 4. Primer precizne hirurgije

Slika 5. Značaj komunikacije u medicini i stomatologiji
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Figure 3. Digital clinic 4.0 related to the cloud computing model

Figure 4. An example for precise surgery

Figure 5. The significance of the communication in medicine and dentistry
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Komunikacija lekara ili stomatologa sa pacijen-
tom je na znatno višem nivou. Količina informacija 
je znatno veća, ali je rukovanje ovim informacija-
ma znatno lakše i brže. Kada su u pitanju dostig-
nuća u komunikacijama, medicina i stomatologija 
će praćenjem moći da predvide ishode lečenja, i 
ako je potrebno, realizuju odgovarajuće promene 
vezane za ishod lečenja. Očigledno je da će ogrom-
na količina informacija biti dostupna veoma brzo 
i lako zahvaljujući novim komunikacionim teh-
nologijama. Na primer, lekari su u mogućnosti da u 
realnom vremenu vrše operaciju, koju istovremeno 
mogu da posmatraju studenti i specijalizanti, kao i 
da pri tome vrše komplikovana praćenja, kao i kon-
sultacije sa kolegama. Takođe, prilikom nesreće, 
moguće je da se vrši komunikacija tokom trans-
porta pacijenta, da se prati stanje pacijenta i da 
se organizuje najbolji mogući njegov prihvat (1,2). 
Značaj komunikacije u medicini i stomatologiji na 
različitim nivoima prikazan je na slici 5.

Jedna od najvećih prednosti Industrije 4.0 
je smanjenje rizika po zdravlje i život pacijenta. 
Razvoj različitih senzora omogućava bolju efikas-
nost tokom operacija ili tretmana, jer se prob-
lemi mogu lako i brzo detektovati i rešiti. Primena 
novih tehnologija, naročito simulacija i virtuelne 
stvarnosti omogućava prethodnu probu i proveru 
tako da su zahvati koji se izvode na pacijentu pot-
puno bezbedni i unapred isplanirani. Matematički 
gledano, sve potencijalne „varijable“ (pretnje) se 
mogu predvideti i mogu se u potpunosti kontroli-
sati i pratiti.

Nove tehnologije se sve intenzivnije koriste. 
Jedan veoma dobar i upečatljiv primer je ho-
lografija. Ova tehnologija može se koristiti za pred-
stavljanje stanja pacijenta uz pomoć 3D tomograf-
skog prikaza. Generalno, holografija podrazumeva 
kreiranje 3D slika pomoću svetlosti. Holografija 
je jedna od prednosti Industrije 4.0 i predstavl-
ja veoma važan medicinski i stomatološki alat sa 
mnogo primena u patologiji, urologiji, kardiologi-
ji, ortopediji, stomatologiji i protetici (1-5). Primer 
holograma zuba i srca prikazani su na slici 6.

Simulacija i virtuelna stvarnost predstavljaju 
standard u različitim naučnim oblastima, tako da 
je bilo samo pitanje vremena kada će se ova teh-
nologija koristiti u medicini i stomatologiji. Pred-
nosti simulacija i virtuelne realnosti su ogromne. 
Na primer, u protivpožarnoj zaštiti, simulacija se 
može koristiti za predviđanje širenja vatre, dima, 
plamena, što može spasiti mnoge živote. Takođe, 

Industrija 4.0 je obezbedila dizajn i proizvodn-
ju hirurških alata i aparata neslućenih mogućnosti, 
dimenzija i efikasnosti. Ovi alati i aparati su proiz-
vedeni upotrebom aditivne proizvodnje (stvaranje 
trodimenzionalnih objekata iz digitalnog modela). 
Njihov kvalitet, izdržljivost i završna obrada su na 
mnogo višem nivou nego ranije (1,2).

Jedna od interesantnih posledica Industrije 4.0 
vezanih za medicinu i stomatologiju je menadž-
ment prve pomoći. Na primer, u kritičnim situ-
acijama, kada je potrebna brza i precizna akcija, 
ova tehnologija veoma lako otkriva i prepoznaje 
prethodnu istoriju bolesti sa svim neophodnim 
informacijama, poput osnovnih podataka (ime, 
prezime, adresa, ustanova) i važnih medicinskih 
informacija (krvna grupa, prosečna težina, proseč-
na vrednost krvnog pritiska, komorbiditeti itd.). Na 
ovaj način, štedi se važno i, u mnogim slučajevi-
ma, kritično vreme; određuje se i dijagnostikuje 
trenutna situacija. Korišćenje različitih modernih 
instrumenata i uređaja povećava preciznu detekci-
ju i dijagnostiku, poput tehnika 3D snimanja (1,2).

Ekonomija i menadžment u medicini i 
stomatologiji imaju potpuno novi pristup. Moguća 
je optimizacija troškova u proizvodnji aparata, 
medicinskih i stomatoloških sredstava, implanta-
ta itd. Upravljanje na svakoj klinici je digitalno, što 
značajno povećava i ubrzava usluge koje se pruža-
ju pacijentima. Proizvodnja se pažljivo i precizno 
planira i prilagođena je pacijentu. Sve se prilagođa-
va pacijentu, i time se smanjuje rizik i povećava efi-
kasnost (1,2).

Precizna hirurgija je postigla veliki uspeh u 
složenim operacijama u medicini i stomatologiji i 
značajno unapredila dosadašnju hirurgiju. Indus-
trija 4.0 i pametna proizvodnja proizvele su robote 
i precizne mehanizme i instrumente sposobne 
da realizuju složene, precizne i teške operacije u 
medicini i stomatologiji. Na primer, jedan hirurg, 
koliko god da je dobar, ne može da operiše dvade-
set i više sati bez pauze i bez povećane mogućnosti 
da napravi grešku. Roboti ne mogu da se umore; 
njihova preciznost i efikasnost su kontinuirani, bez 
uticaja bilo kakvog fizičkog ili psihičkog faktora; 
roboti mogu da obavljaju nekoliko zadataka u isto 
vreme, što je hirurgu gotovo nemoguće. Veoma 
složene operacije u medicini i stomatologiji su 
sada lake i brze (različite laparoskopske operacije, 
vađenje zuba itd.). Primer precizne hirurgije prika-
zan je na slici 4.
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fluence of any physical or psychic factor; robots 
are capable of doing several tasks at the same 
time what is for a human surgeon almost impossi-
ble. Very complex operations in medicine and den-
tistry are now easy and fast (different laparoscope 
operations, tooth extraction etc.). An example for 
precise surgery is presented in Figure 4.

Communication between a doctor or a dentist 
with a patient are at a significantly higher level. 
The quantity of information is significantly greater 
but handling with this information is significant-
ly easier and faster. Considering communication 
achievements, medicine and dentistry will be able 
to predict epilogues of treatment with monitoring 
and, if it is necessary, realize appropriate chang-
es related to healing epilogue. When it comes to 
achievements in communications, medicine and 
dentistry will be able to predict treatment out-
comes through monitoring, and if necessary, im-
plement appropriate changes related to treatment 
outcomes.It is obvious that huge amount of infor-
mation will be available very fast and easily thanks 
to new communication technologies. For example, 
doctors are able to realize operation in real time, 
where in the same time students and specialists 
can observing the operation, so as to realize com-
plex monitoring and consultations with colleges. 
Also, in the event of an accident, it is possible to 
communicate during the transport of the patient, 
monitor his condition and organize the best possi-
ble reception (1,2). The significance of communi-
cation in medicine and dentistry at different levels 
is presented in figure 5.

One of the biggest benefits from Industry 
4.0 is the risk reduction, related to the patients’ 
health and life. Development of different sensors 
provides better efficiency during operations and 
treatments, because potential problems can be 
detected and solved fast and easily. The applica-
tion of new technologies, especially simulation 
and virtual reality, enables preliminary testing and 
checking so that procedures performed on the pa-
tient are completely safe and planned in advance. 
From the mathematical point of view, all poten-
tials „variables “can be predicted and can be fully 
controlled and monitoring.

New technologies are more and more inten-
sively used. One very good and striking example 
is holography. This technology can be used for the 
presentation of medical states of patients with 
3D tomography view. Generally, holography pur-

via the Internet. Laboratory management, record 
management and many other benefits are very 
important in the functioning of digital clinic and 
digital dental office. Industry 4.0 also enables easy 
diagnostic in medicine and dentistry. System that 
presents digital hospital or clinic 4.0 related to the 
cloud computing model is shown in Figure 3 (1,2).    

Industry 4.0 enabled design and production 
of surgery tools and apparatus with unimaginable 
possibilities, dimensions and efficiency. Noted 
tools and apparatus were manufactured using 
additive manufacturing (creation of three-dimen-
sional objects from a digital model).). Their quali-
ty, endurance and sand are at a much higher level 
than before (1,2).

One of the interesting consequences of Indus-
try 4.0 related to medicine and dentistry is first-aid 
management. For example, in critical situations, 
when fast and precise action is needed, this tech-
nology very easily detects and recognizes previous 
illness history with all necessary information, such 
as basic information (name, surname, address, af-
filiation etc.) and important medical information 
(blood group, average weight, average blood pres-
sure, comorbidities etc.). In this way, important and 
in many cases critical amount of time is saved; de-
termination and diagnosis of the current situation is 
made. The use of different modern tools and devic-
es significantly increases the precise detection and 
diagnostics, such as 3D imaging techniques (1,2). 

Economy and management in medicine and 
dentistry have a totally new approach. It is possi-
ble to realize the cost optimization in the produc-
tion of devices, medicine and dentistry resources, 
implants etc. Management at every clinic is digi-
tal, which significantly increases and accelerates 
services provided to patients. Manufacturing was 
carefully and precisely planned and adapted to pa-
tients’ needs. Everything is adapted to the patient, 
which reduces risks and increases efficiency (1,2).

Precise surgery has achieved great success in 
complex operations in medicine and dentistry and 
significantly improved the previous surgery. Indus-
try 4.0 and smart manufacturing produced robots 
and precise mechanisms capable to realize com-
plex, precise and hard operations in medicine and 
dentistry. For example, one surgeon, no matter 
how good he is, simply cannot operate twenty or 
more hours without pause and without increased 
potential for mistake. Robots cannot be tired; their 
precision and efficiency are continual, without in-



100

Zdravstvena zaštita 53(1), 2024

Posmatranje i praćenje u medicini i 
stomatologiji ima veliki značaj. Korišćenjem teh-
nologija Industrije 4.0, posmatanje i praćenje ce-
lokupnog procesa lečenja je veoma lak i efikasan. 
Sve važne informacije su pripremljene i dostupne. 
Na primer, mnogi kardiološki pacijenti mogu biti 
praćeni uz kompletne informacije o njihovim 
tegobama, bolesti, terapiji uz mogućnost da se 
odmah reaguje u slučaju hitnih stanja. Korišćenjem 
ovih tehnologija, moguće je sprovesti posmatranje 
i praćenje kompletne javno-zdravstvene situacije, 
što je od ključne važnosti za optimizaciju zdravlja, 
predviđanje potencijalnih kriznih situacija (pan-
demija, na primer), optimizaciju kvaliteta lečenja 
u medicini i stomatologiji, optimizaciju troškova, 
recikliranje medicinskog i stomatološkog otpada 
itd. (1,2,5,10). 

Optimizirana proizvodnja različitih implantata 
bilo kog oblika u medicini i stomatologiji predstavl-
ja standard. Više nije potrebno povećavati rezerve 
jer se implanti proizvode prema ličnim zahtevima. 
Primetno je i veoma veliko smanjenje papirologije. 
Korišćenjem digitalnih tehnologija, informacije o 

kada je u pitanju protivpožarna zaštita, strategije 
evakuacije i scenariji evakuacije sa preciznim pro-
računima vremena potrebnog za evakuaciju se 
mogu realizovati korišćenjem simulacija i softvera 
za simulaciju (6,7). Naravno, postoje i mnogi drugi 
primeri u drugim naučnim oblastima.

Simulacije i virtuelna stvarnost imaju sjajnu 
ulogu u medicini i stomatologiji. Virtuelna starnost 
može pružiti važne informacije o pacijentima dok-
torima i stomatolozima. Planiranje kompleksnih 
aktivnosti i operacija u medicini i stomatologiji uz 
pomoć 3D snimaka obezbeđuje kvalitet i značajno 
umanjuje vreme potrebno za planiranje i realizaci-
ju neke aktivnosti ili operacije. Ove tehnologije 
značajno unapređuju hirurške i manuelne veštine 
hirurga i stomatologa zbog mnogo boljeg prikaza i 
šanse da se vežba pre operacije (1,2,6,7). Upotre-
ba simulacije i virtuelne stvarnosti prikazana je na 
slici 7.

Slika 6. Primer holograma zuba i srca
Izvor: https://depositphotos.com/video/holo-
gram-screen-of-molar-tooth-299092082.html; 

https://free3d.com/3d-model/heart-pro-animat-
ed-textured-4653.html

Slika 7. Simulacija i virtuelna stvarnost u 
stomatologiji i hirurgiji

Izvor: https://www.youtube.com/watch?v=3t-
pnRFshvsA&ab_channel=MedtronicDigitalSurgery
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ports design of the 3D pictures by light. Hologra-
phy presents the consequence of Industry 4.0 and 
presents a very important medical and dentistry 
tool with plenty of applications in pathology, urol-
ogy, cardiology, orthopaedic, dentistry, prosthetics 
etc. (1-5). An example of a tooth and hart holo-
gram is shown in Figure 6.

Simulation and virtual reality represent a stan-
dard in different fields of science, so it was just a 
question of time when this technology would be 
used in medicine and dentistry. The benefits of 
simulations and virtual reality are enormous. For 
example, in fire safety, simulation can be used to 
predict the spreading of fire, smoke, flame which 
can save many lives. Also, in relation to fire protec-
tion, evacuation strategies and evacuation scenar-
ios with precise calculation of needed evacuation 
times can be realized using simulations and sim-

ulation software (6,7). Of course, there are many 
other examples in other fields of science.

Simulations and virtual reality have a great role 
in medicine and dentistry. Virtual reality can pro-
vide important information to doctors and dentists 
about patients. Planning of complex actions and 
operations in medicine and dentistry with pro-
viding of 3D presentation of the patient enables 
quality and significantly reduced time needed for 
preparation and realization of action or operation. 
These technologies significantly increase oper-
ation and manual skills of surgeons and dentists 
because they have much better view and chance 
to practice before operations (1,2,6,7). The use of 
simulation and virtual reality in dentistry and sur-
gery is presented in Figure 7. 

Monitoring and tracking in medicine and den-
tistry have very important roles. With the use of 
Industry 4.0 technologies, monitoring and tracking 
of complete treatment process is very easy and ef-
fective. All important information is prepared and 
available. For example, many of cardiac patients 
can be monitored and tracked with complete in-

Figure 7. Simulation and virtual reality in dentist-
ry and surgery

Source: https://www.youtube.com/watch?v=3t-
pnRFshvsA&ab_channel=MedtronicDigitalSurgery

Figure 6. An example for hologram of tooth and 
heart.

Source: https://depositphotos.com/video/holo-
gram-screen-of-molar-tooth-299092082.html; 

https://free3d.com/3d-model/heart-pro-animat-
ed-textured-4653.html
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Angažovanje velikog broja doktora, sestara, 
specijalista će drastično biti smanjeno. Naravno, 
to će podrazumevati efikasna rešavanja mnogih 
problema i izazova koji se odnose na standarde, 
bezbednost, privatnost, raznovrsnost podataka, 
mogućnosti prilagođavanja i prihvatanja, snab-
devanje različitim resursima itd. Bez obzira na 
postojeće i potencijalne probleme, poređenje, 
generalno, zdravstva 4.0 sa prethodnim (zdravst-
vo 1.0, zdravstvo 2.0 i zdravstvo 3.0) dokazuje da 
je upotreba novih tehnologija nužnost, potreba 
i budućnost i to ne samo za istraživanje i razvoj, 
nego i za druge oblasti zdravstva (medicina, 
stomatologija) (1,2,11,12).

Zbog svega navedenog, očigledno je da će 
industrija 4.0 u medicini i stomatologiji poveća-
ti svoje mogućnosti, ali i potrebe. Prilagođavanje 
na digitalne tehnologije biće na najvišem nivou sa 
jasnim ciljem kreiranja pametnog, jedinstvenog 
zdravstvenog sistema (1, 2,7, 8, 10).

Inovativne tehnologije Industrije 4.0 će stvoriti 
bolju i sigurniju budućnost u smislu optimiziranih 
medicinskih usluga i lečenja, mnogo većeg pro-
centa izlečenih pacijenata, virtuelnih medicinskih i 
stomatoloških klinika sa konsultacijama uz pomoć 
telemedicine i terapija i još mnogo toga (8-12). 

 
Zaključak

Medicina i stomatologija predstavljaju oblasti 
u kojima se primenjuju različiti pametni proizvo-
di i rešenja koja su kreirana na osnovu tehnologija 
Industrije 4.0. Napravljeni su mnogi složeni i efi-
kasni medicinski i stomatološki uređaji i aparati sa 
mogućnostima koje se do pre nekoliko godina nisu 
mogle ni zamisliti. Performanse i kvalitet zdravst-
venih tretmana i usluga su na veoma visokom 
nivou i taj nivo će biti još veći u budućnosti. 

Iako je Industrija 4.0 donela mnoge prednos-
ti, to nije kraj istraživanja i razvoja. Osnovane su 
veoma važne baze, pripremaju se novi trendovi 
istraživanja i razvoja. Istraživanja se bave novim 
uređajima, aparatima i implantatima koji će do-
prineti daljem napretku u medicini i stomatologiji 
i omogućiti potpunu realizaciju koncepta Medicina 
4.0 i Stomatologija 4.0. 

Konflikt interesa
Autor je izjavio da nema konflikta interesa.

pacijentima se čuvaju u digitalnom obliku i mogu 
se lako odštampati (10).

Postoje brojni drugi primeri primene teh-
nologija Industrije 4.0 u medicini i stomatologiji. 
Očigledno je da se promene izazvane digitalnim 
tehnologijama pojavljuju i nepovratno menjaju 
mnoge sfere života i rada ljudi, pa je tako i u medi-
cini i stomatologiji (8,10).

Budući trendovi razvoja
Očigledno je da Industrija 4.0 ima sve više 

mogućnosti u smislu primene, istraživanja i ino-
vacija. Primenjuje se korišćenjem pametne proiz-
vodnje, integrisanog dizajna, pametnih usluga i 
menadžmenta i pametnog istraživanja. Pametni 
medicinski i stomatološki uređaji i aparati se već 
proizvode, a u bliskoj budućnosti će se proizvoditi 
mnogo bolji. To će zahtevati edukaciju medicinsk-
og i stomatološkog kadra, ali će korist od njih biti 
neverovatna (1,2).

Uticaji Industrije 4.0 i njene tehnologije će 
takođe značiti i ogromnu pomoć i prednosti za stu-
dente medicine i stomatologije u smislu postavl-
janja precizne dijagnoze, lečenja, usavršavanja nji-
hovih veština itd.

Tehnologije Industrije 4.0 će se suočiti sa 
enormnim količinama informacija, njihovim up-
ravljanjem i čuvanjem. Sve potrebne informacije 
o pacijentu će biti pružene i dostupne u svakom 
trenutku.

Jedna od veoma bitnih stavki kada su u pi-
tanju Zdravstvo 4.0, odnosno Medicina 4.0 i 
Stomatologija 4.0, su neograničene mogućnosti 
za istrživanje. Primena novih procedura, instru-
menata, implanata, robota, lekova daju neslućene 
mogućnosti za uspostavljanje znatno efikasnijeg 
zdravstva u celini. Procena je da će mnoge boles-
ti u budućnosti biti potpuno iskorenjene ili da će 
preći u hronične, sa mnogo povoljnijim ishodima 
po pacijente.

Bolesti će se potpuno pratiti, u svim potenci-
jalnim pravcima i sa uvek najboljim solucijama. 
Pretpostavlja se i da će veliki broj retkih bolesti 
biti potpuno eliminisan zahvaljujući neslućenim 
mogućnostima predikcije koje donose nove teh-
nologije. Mnoge operacije za koje su bili potrebni 
posebni uslovi (anestezija, razni neophodni instru-
menti i pomagala itd.) će biti potpuno automatizo-
vane sa unapred predviđenim pozitivnim ishodom.
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ed opportunities for the establishment of signifi-
cantly more efficient health care as a whole. It is 
estimated that many diseases will be completely 
eradicated in the future or that they will become 
chronic, with much more favorable epilogues for 
patients.

Diseases will be fully monitored, in all potential 
directions and always with the best solutions. It is 
estimated that many diseases will be completely 
eradicated in the future or that they will become 
chronic, with much more favorable epilogues for 
patients. It is also assumed that a large number of 
rare diseases will be completely eliminated thanks 
to the unprecedented possibilities of prediction 
brought by new technologies. Many operations 
that required special conditions (anesthesia, var-
ious necessary instruments and aids, etc.) will be 
fully automated with a predetermined positive 
outcome.

The hiring of a large number of doctors, 
nurses, and specialists will be drastically reduced. 
Of course, this will involve effective solutions to 
many problems and challenges related to stan-
dards, security, privacy, diversity of data, possibili-
ties of adaptation and acceptance, supply of differ-
ent resources, etc. Regardless of the existing and 
potential problems, the comparison, in general, 
of healthcare 4.0 with the previous ones (health 
1.0, healthcare 2.0 and healthcare 3.0) proves that 
the use of new technologies is a necessity, a need 
and the future, not only for research and develop-
ment, but also for other fields of medicine (medi-
cine, dentistry) (1,2,11,12).

Based on the above mentioned, it is obvious 
that industry in medicine and dentistry will in-
crease their possibilities and needs. The adaption 
to digital technologies will be at the highest level 
with the clear aim of designing a smart unique 
healthcare system (1, 2, 7, 8, 10).   

Innovative Industry 4.0 technologies will 
design a better and safer future in the form of 
optimized medical services and treatment, much 
bigger percentage of cured patients, virtual med-
ical and dental clinics with telemedicine consulta-
tions, optimal use of medicaments and therapies 
and lot of other things (8-12).

Conclusion
Medicine and dentistry present spheres where 

many different intelligent products and solutions 

formation about their problems, illness, therapy 
and possibility to react instantly in case of emer-
gency. Using these technologies, it is possible to 
realize the monitoring and tracking of complete 
public health situation, which has crucial impor-
tance in optimization of health, prediction of po-
tential crisis situations (pandemics for example), 
optimization of quality of medical and dental treat-
ments, optimization of costs, recycling of medical 
and dental waste etc (1,2,5,10). 

The optimized production of different implants 
of any shape present a standard in medicine and 
dentistry. It is not necessary to increase reserves 
anymore because implants are produced by in-
dividual requirement. A very large reduction of 
paper documentation is also notable. Using digital 
technologies, information about patients is stored 
in digital form and can be easily printed (10). 

There are numerous other examples of appli-
cations of Industry 4.0 technologies in medicine 
and dentistry. It is obvious that changes caused by 
digital technologies appear and irrevocably change 
many spheres of human work and living, including 
medicine and dentistry (8,10). 

 
Future trends of development

It is obvious that Industry 4.0 has more and 
more possibilities of applications, research and in-
novations. It is applied using smart manufacturing, 
integrated design, intelligent services and manage-
ment and smart researching. Smart medical and 
dental devices and apparatus have already been 
produced, and in the near future, much better 
will be produced. It will demand the education of 
medical and dental staff, but the benefits of them 
will be unbelievable (1,2).

The influences of Industry 4.0 and its technol-
ogy will also provide great help and benefits to 
students of medicine and dentistry in the sense of 
precise diagnostics, treatment solutions, improv-
ing of their skills etc.

Technologies of Industry 4.0 will face enormous 
quantities of information, their management and 
storing. Necessary information about patients will 
be provided and available at the moment.

One of the very important items when it 
comes to Health 4.0, i.e. Medicine 4.0 and Dentist-
ry 4.0, are unlimited opportunities for research. 
The application of new procedures, instruments, 
implants, robots, and drugs provide unprecedent-
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designed by technologies of Industry 4.0. Many 
complex and efficient medical and dental devices 
and appliances have been created with possibili-
ties that could not even be imagined until a few 
years ago. Performances and qualities of complete 
healthcare treatments and services are at a very 
high level and this level will be even higher in the 
future. 

Although Industry 4.0 has brought many ben-
efits, this is not the end of research and devel-
opment. Research deals with new devices, appli-
ances and implants that will contribute to further 
progress in medicine and dentistry and enable the 
full realization of the concept of Medicine 4.0 and 
Dentistry 4.0.      
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UPUTSTVO AUTORIMA

U časopisu Zdravstvena zaštita objavljuju se originalni naučni radovi, prethodna saopštenja, pregledi 
i stručni radovi, kratka saopštenja, uvodnici, pisma uredniku, meta-analize, prikazi bolesnika, aktuelne 
teme, prikazi stručnih knjiga i skupova, i drugo, iz svih oblasti medicine, farmacije, biohemije, stomatologije 
i menadžmenta u zdravstvu.

Uz rukopis za objavljivanje u časopisu Zdravstvena zaštita treba dostaviti propratno pismo (izjavu) 
potpisanu od svih autora: 1) da rad nije prethodno objavljivan i da nije istovremeno podnet za objavljivanje 
u nekom drugom časopisu; 2) da su rukopis pročitali i odobrili svi autori koji ispunjavaju kriterijume 
autorstva; 3) da su u radu kontakt podaci za sve autore tačni; 4) da autor za korespondenciju, u ime 
drugih autora, potpisuje Ugovor o autorskim pravima, kojim svi autori rada prenose svoja autorska prava 
na izdavača časopisa - Komoru zdravstvenih ustanova Srbije.

Časopis je u režimu otvorenog pristupa (engl. Open Access) od septembra 2019. godine i objavljuje 
se četiri puta godišnje. Svi autori da bi poslali rukopis za objavljivanje u časopisu elektronski treba da 
budu registrovani e-mail adresom na internet stranici časopisa: https://aseestant.ceon.rs/index.php/
zdravzast. Ukoliko postoji bilo koji problem u procesu elektronskog slanja rukopisa, rukopis se može 
proslediti na e-mail: urednik@komorazus.org.rs.

Priprema rukopisa za objavljivanje u časopisu

Rukopis dostaviti na engleskom ili spskom jeziku (latinicom), sa rezimeima na srpskom i engleskom. 
Tekst rada piše se sa proredom 1,5 na stranicama A4 formata. Kuca se u programu za obradu teksta 
Word, fontom Times New Roman i veličinom slova 12 i marginama od 25 mm. Izbegavati deljenje reči 
(hifenacije), kao i bold i italic slova. Originalni članci, opšti pregledi (uslov da autori navedu 5 autocitata) 
i meta-analize ne smeju prelaziti 16 strana (bez priloga), stručni rad i aktuelne teme 10 strana, članci 
iz istorije medicine, kazuistika (prikaz jednog ili serije slučajeva) i prethodna saopštenja – 8 strana, a 
komentari, pisma uredniku, izveštaji sa skupova i prikazi knjiga 3 strane. Za izradu grafičkih priloga koristiti 
program Windows iz programskog paketa Microsoft Office (Excel, Word Graph).

Delovi rada su: naslovna strana, sažetak na srpskom i engleskom jeziku sa ključnim rečima na srpskom 
i engleskom jeziku, tekst rada (Uvod, Metode, Rezultati, Diskusija, Zaključak, Literatura, Zahvalnica) i 
prilozi.
Tekst rada pisati kratko i jasno, a skraćenice koristiti samo za veoma dugačke nazive i za nazive koji su 
poznati kao skraćenice (npr. sida, HIV, itd).

Naslovna strana
Navesti naziv rada (velikim slovima), puna imena i prezimena autora, njihove stručne titule i nazive 
ustanova i mesta u kojima rade. Imena autora povezati sa nazivima ustanova indeksiranim arapskim 
brojevima. Takođe navesti ime i prezime autora za korespondenciju, njegovu ustanovu, adresu ustanove, 
broj telefona i e-mail adresu.

Sažetak i ključne reči
Druga strana treba da sadrži: naslov rada, strukturisani sažetak do 250 reči i ključne reči na srpskom 
jeziku. Sažetak se sastoji iz četiri dela: Uvod/Cilj, Metode, Rezultati i Zaključak. Ispod sažetka navodi se 
3-8 ključnih reči. Kod prikaza jednog ili serije slučajeva sažetak ima tri dela: Uvod/cilj, Prikaz bolesnika 
i Zaključak, a kod preglednih radova sažetak je deskriptivan (bez podcelina). Treća strana je identična 
drugoj, ali je na engleskom jeziku.
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INSTRUCTIONS FOR AUTHORS

The Journal of Health Care publishes original scientific papers, short communications, reviews and 
professional papers, short press releases, editorials, letters to the editor, meta-analyses, case reports, 
actual topics, reviews of expert books and conferences, in all fields of medicine, pharmacy, biochemistry, 
dentistry and healthcare management.

The manuscript for publication in the Journal of Health Care should be accompanied by a cover letter 
(statement) signed by all authors: 1) that the manuscript has not been previously published and that it 
has not been simultaneously submitted for publication in another journal; 2) that the manuscript has 
been read and approved by all authors who meet the authorship criteria; 3) that the contact information 
for all authors is correct in the manuscript; 4) that the corresponding author, on behalf of other authors, 
signs the Copyright Agreement, by which all authors of the work transfer their copyright to the publisher 
of the journal - the Chamber of Health Institutions of Serbia.

The journal has been in Open Access mode since September 2019 and it is published four times a year. 
All authors must be registered electronically by e-mail on the journal website: https://aseestant.ceon.
rs/index.php/zdravzast in order to submit the manuscript for publication in the journal. If there is any 
problem in the process of sending the manuscript electronically, the manuscript can be forwarded to 
e-mail: urednik@komorazus.org.rs.

Preparation of a manuscript for publication in the Journal

The manuscript should be submitted in English or Serbian (latin alphabet), with summaries in Serbian 
and English. The text of the manuscript should be written with a 1.5 line spacing on A4 pages and 25 mm 
margins. The text should be typed in Word, Times New Roman font and font size 12. Avoid hyphenation 
as well as bold and italic letters. Original articles, reviews (condition for authors to cite 5 self-citations) 
and meta-analyses must not exceed 16 pages (without attachments), professional articles and actual 
topics 10 pages, articles in medical history, case reports and case series (presentation of one or a series 
of cases) and previous reports - 8 pages, and comments, letters to the editor, conference reports and 
book reviews 3 pages. To create graphical attachments, use Windows from Microsoft Office (Excel, Word 
Graph).

Parts of the manuscript are: title page, summary in Serbian and English with keywords in Serbian and 
English, text of the manuscript (Introduction, Methods, Results, Discussion, Conclusion, Literature, 
Acknowledgment) and appendices.

The manuscript should be written briefly and clearly and abbreviations used only for very long names 
and for names known as abbreviations (eg AIDS, HIV, etc.).

Title page
Give the name of the manuscript (in capital letters), full names of the authors, their affiliation. Associate 
author names with institution names indexed by Arabic numerals. Also provide the first and last name for 
the corresponding author, their institution, institution address, telephone number and e-mail address.

Summary and keywords
The second page should include: the title of the manuscript, a structured summary up to 250 words 
and keywords in Serbian. The summary consists of four parts: Introduction/Aim, Methods, Results and 
Conclusion. Below the summary 3-8 keywords, should be listed. When presenting one or a series of 
cases, the abstract should consist of three parts: Introduction/Aim, Case report and Conclusion, and in 
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Uvod/Cilj
Uvod treba da bude jasan i direktno povezan sa predmetom istraživanja. Treba da pruži najvažnije 
informacije o problematici kojom se bavi rad, kao i to šta je do sada o tom problemu istraživano tj. 
poznato, a šta je nepoznato, malo poznato, ili postoje kontroverzni podaci. Posle uvodnih napomena 
potrebno je navesti cilj rada.

Metode
U ovom delu autori opisuju kako je studija izvedena, obrazlažu izbor metoda i dizajn istraživanja.Podceline 
metoda rada mogu biti: dizajn studije (npr. kvantititavno ili kvalitativno istraživanje, deskriptivna ili 
analitička ili eksperimetalna studija, itd.), izbor ispitanika (kriterijumi za uključivanje i isključivanje iz 
studije), etički aspekti (broj pod kojim je studija odobrena od etičkog komiteta), instrumenti istraživanja 
(način prikupljanja podataka, specifičnosti korišćenih instrumenata) i statistička analiza podataka (vrste 
testova). Važno je navesti podatke iz literature za poznate metode, uključujući i statističke.

Rezultati
Tekstualno opisati rezultate istraživanja prezentovane logičkim redosledom kroz tabele, grafikone i 
ilustracije (prilozi se navode iza Literature).

Diskusija
Rezultate istraživanja uporedite sa rezultatima drugih već publikovanih relevantnih istraživanja (ako je to 
moguće ne starijim od pet godina).

Literatura
Rukopisi se pripremaju u skladu sa Vankuverskim dogovorom. Literaturni podaci označavaju se arapskim 
brojevima, npr. (6), redosledom kojim se pojavljuju u tekstu. Informacije o citiranju mogu se naći na 
internet stranici https://www.nlm.nih.gov/bsd/uniform_requirements.html. Pri citiranju literature, 
navode se svi autori, ali ako broj autora prelazi 6, navodi se prvih šest autora i dodaje et al. Broj radova 
u spisku literature ne treba da prelazi 30. Podaci sa Interneta citiraju se uz navođenje datuma pristupa 
tim podacima. Članke koji su prihvaćeni za publikovanje, ali nisu objavljeni, treba označiti sa u štampi (in 
press). Uz svaku referencu treba navesti DOI broj članka.

Zahvalnica
Potrebno je uputiti zahvalnicu svim saradnicima koji su doprineli realizaciji rada, ali koji ne ispunjavaju 
kriterijume za autorstvo, kao i svima koji su finansijski i materijalno pomogli realizaciji istraživanja.

Prilozi
Priloge čine tabele, slike (fotografije, crteži, sheme, grafikoni) i video-prilozi. Svi prilozi moraju biti na 
srpskom i engleskom jeziku. Za sve priloge mora postojati naslov koji se navodi iznad priloga. Svi prilozi se 
označavaju arapskim brojevima prema redosledu navođenja u tekstu. Korišćenje skraćenica u naslovima 
ili bilo kom delu priloga obavezno objasniti ispod datog priloga. 
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review papers, the summary is descriptive (without subsections). The third page is identical to the other, 
but is in English.

Introduction/Aim
The introduction should be clear and directly related to the subject of the research. It should provide 
the most important information about the problem that is being dealt with, as well as what has been 
investigated so far about the problem, what is known and what is unknown, or little known, or if there is 
controversial information. After the introductory notes, the aim of the paper should be stated.

Methods
In this section, the authors describe how the study was conducted, explain the choice of methods 
and design of the research. The sub-sections of the methods may be: study design (eg quantitative 
or qualitative research, descriptive or analytical or experimental study, etc.), choice of respondents 
(inclusion and exclusion criteria from the study), ethical aspects (the number under which the study 
was approved by the ethics committee), research instruments (method of data collection, specificity of 
instruments used), and statistical analysis of the data (types of tests). It is important to provide literature 
data for known methods, including statistical methods.

The results
Describe the results of the research presented in a logical order through tables, charts and illustrations 
(appendices are cited after the Literature).

Discussion
Compare the results of your research with the results of other relevant research already published (if 
possible not older than five years).

Literature
Manuscripts are prepared in accordance with the Vancouver Arrangement. Literature data are indicated 
by Arabic numerals, e.g. (6), in the order in which they appear in the text. Citation information can 
be found at https://www.nlm.nih.gov/bsd/uniform_requirements.html. When citing the literature, all 
authors should be cited, but if the number of authors exceeds 6, the first six authors are cited and added 
by et al. The number of references in the literature should not exceed 30. Data from the Internet are 
cited indicating the date of access to that data. Articles accepted for publication but not published should 
be marked in press. Each reference should include a DOI article number.

Acknowledgment
Acknowledgments should be given to all contributors who have contributed to the realization of the 
work but who haven’t met the criteria for authorship, as well as to all those who have financially and 
materially assisted in the realization of the research.

Appendices
Appendices include tables, pictures (photos, drawings, diagrams, charts) and video attachments. All 
appendices must be in Serbian and English. There must be a title above all appendices for each appendix. 
All appendices are indicated by Arabic numerals in the order in which they appear in the text. The use of 
abbreviations in the headings or any part of the appendix must be explained below.
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POZIV ZA REKLAMIRANJE

Poštovani,
	
U okviru časopisa Zdravstvena zaštita imate mogućnost oglašavanja i reklamiranja vaših proizvoda 
i usluga, kao i svih vidova kontinuirane edukacije i publikacija (monografija, knjiga, itd.) svim našim 
korisnicima.

Ovaj naučni časopis je za sve lekare, farmaceute i stomatologe. U njemu se objavljuju neobjavljeni 
originalni naučni radovi, pregledni i stručni članci, kratka saopštenja, uvodnici, pisma uredniku, meta-
analize, prikazi bolesnika, aktuelne teme, prikazi stručnih knjiga i skupova, i drugo, iz javnog zdravlja, 
zdravstvenog osiguranja i ekonomike, menadžmenta u zdravstvu i svih drugih oblasti medicine, farmacije 
i stomatologije, čime se doprinosi promociji i razvoju nauke, struke i naučno-istraživačkog rada. Štampa 
se na srpskom ili engleskom jeziku sa rezimeima na srpskom i engleskom.

Cene reklama i oglasa u časopisu su:
1. Oglas u crno-beloj tehnici A4 formata za jedan broj 10.000,00 dinara, a za celu godinu (četiri 
broja) 30.000,00 dinara.
2. Oglas u boji A4 formata za jedan broj 20.000,00 dinara, a za celu godinu (četiri broja) 60.000,00 
dinara.
3. Oglas u crno-beloj tehnici na koricama A4 formata za jedan broj 20.000,00 dinara, a za celu 
godinu (četiri broja) 60.000,00 dinara.
4. Oglas u boji na koricama A4 formata za jedan broj 40.000,00 dinara, a za celu godinu (četiri broja) 
120.000,00 dinara.

Za sva obaveštenja, uputstva i ponude obratite se Uredniku časopisa: urednik@komorazus.org.rs
Sredstva se uplaćuju Komori zdravstvenih ustanova Srbije na žiro račun broj 205-4707-32 preko 
Komercijalne banke.
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INVITATION TO ADVERTISE

To whom it may concern:

The Journal of Health Care, issued by the Chamber of Health Institutions offers the possibility of 
advertisement and promotion of all forms of continued education and publications (books, monographs, 
etc.), as well as your products and services, to all our users.

This journal is a scientific publication for all doctors, pharmacologists, biochemists, dentists and managers 
in health industry. Previously unpublished scientific papers are published in the journal, as well as reviews 
and short articles, announcements, introductions, letters to the editor, meta – analysis, case reports and 
case series, actual topics, depictions of expert books and conferences. In this way, the journal contributes 
to the promotion and development of science, as well as expertise and scientific and research work.

Pricelist for the commercials and ads in the journal are:
1. Advertisment in black - and - white technique in A4 format is 10.000,00 RSD for one issue, and 
30.000,00 RSD for the entire year (four issues).
2. Advertisment in color in A4 format for one issue is 20.000,00 RSD, and 60.000,00 RSD for the 
entire year (four issues).
3. Advertisment in black – and - white technique on the covers of A4 format is 20.000,00 RSD for 
one issue, and 60.000,00 RSD for the entire year (four issues).
4. Advertisment in color on the covers of A4 format is 40.000,00 RSD, and 120.000,00 RSD for the 
entire year (four issues).

Feel free to contact Editorial board for all additional information, questions or inquiries: 
urednik@komorazus.org.rs
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