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Diskusija
Analizom standardizovanih stopa incidenci-

je za AIM (ASR-E i ASR-W) u Srbiji u periodu 
2006–2022. godine uočava se opadajući trend 
obolevanja od ovog oboljenja. ASR-E je smanjena 
sa 170,9/100.000 na 147,4/100.000, dok je ASR-W 
opala sa 118,2/100.000 na 101,8/100.000. Ovaj 
trend ukazuje na postepeno smanjenje opterećeno-
sti društva ovim oboljenjem, što može biti posledica 
unapređenja organizacije zdravstvene zaštite, dos-
tupnosti terapije i početnih efekata preventivnih 
mera. Nasuprot tome, zabeležen je porast sirove 
stope incidencije za AIM što je posledica starenja 
populacije (sve je više starih ljudi koji su u najvećem 
riziku od ove bolesti). To znači da u R. Srbiji postoji 
kontrola faktora rizika za AIM, ali demografski fakto-
ri, poput starenja populacije, „maskiraju“ taj uspeh 
u sirovim stopama (1,3,5).

U ovom istraživanju uočeno je da je 2009. go-
dina predstavljala kritičnu tačku sa najvišom za-
beleženom stopom incidencije AIM u posmatranom 
periodu. Jedno od mogućih objašnjenja ovog poras-
ta odnosi se na unapređenje sistema nadzora i in-
tenziviranje rada na Nacionalnom registru za akutni 
koronarni sindrom, što je moglo doprineti potpuni-
jem i preciznijem prijavljivanju slučajeva. Pored 
toga, tokom ovog perioda u kliničku praksu u Srbiji 
uvedeni su osetljiviji biomarkeri nekroze miokarda, 
pre svega srčani troponini, koji su omogućili detekci-
ju manjih infarkta (NSTEMI) koji bi ranije često ostali 
dijagnostikovani kao nestabilna angina pectoris (6). 

Ne treba zanemariti ni uticaj šireg društvenog kon-
teksta, budući da se 2009. godina poklapa sa peri-
odom globalne ekonomske krize, kao i pandemijom 
gripa A (H1N1), a prethodna istraživanja ukazuju da 
akutni stres i teške respiratorne infekcije mogu pov-
ećati rizik od akutnih koronarnih događaja (7,8). 

Najniže vrednosti standardizovanih stopa inci-
dencije AIM u posmatranom periodu zabeležene su 
2017. godine (ASR-E: 132,3 na 100.000 stanovnika), 
što predstavlja važan indikator povoljnog epidemi-
ološkog trenda. Ovaj nalaz se može tumačiti kao 
rezultat kumulativnog efekta dugoročnih preven-
tivnih strategija i unapređenja u organizaciji kar-
diološke službe u Republici Srbiji. Do tog perioda 
došlo je do značajnog proširenja mreže centara za 
perkutanu koronarnu intervenciju (pPCI), kao i šire 
primene savremene farmakoterapije u primarnoj i 
sekundarnoj prevenciji, što je doprinelo smanjenju 
učestalosti prvih i ponovljenih koronarnih događa-
ja. Istovremeno, stabilizacija sistema prijavljivanja i 
standardizacija metodologije rada registra za akut-
ni koronarni sindrom smanjuju verovatnoću da su 
uočene promene posledica administrativnih fakto-
ra, već pre odražavaju realne promene u epidemi-
ološkom obrascu bolesti (5).

Nakon ovog vrha, postepeni pad stopa inci-
dencije svedoči o stabilizaciji sistema prijavljivan-
ja, ali pre svega o kumulativnom efektu uvođenja 
savremene terapije (statini, dvojna antiagregaciona 
terapija) i masovnijoj primeni primarne perkutane 
koronarne intervencije (pPCI) u Srbiji, što je značaj-

Grafikon 1. Kretanje stopa incidencije (sirove, standardizovane prema populaciji  
Evrope i sveta) za akutni infarkt miokarda, Republika Srbija, 2006 – 2022. godine



Health Care 54(4), 2025

37

Discussion
The analysis of age-standardized incidence 

rates of AMI (ASR-E and ASR-W) showed a decreas-
ing trend in the incidence of this disease in Serbia 
in the period 2006-2022. ASR-E decreased from 
170.9/100,000 to 147.4/100,000, while ASR-W 
decreased from 118.2/100,000 to 101.8/100,000. 
This trend pointed to the gradual reduction in the 
burden of this disease on society, which may be the 
consequence of the improvement of health care or-
ganization, the availability of therapy and the initial 
effects of preventive measures. In contrast, an in-
crease in crude incidence rates of AMI was record-
ed, which is the consequence of population aging 
(the increased proportion of older people, who face 
the highest risk of this disease). This means that 
there is a control of risk factors for AMI in the Re-
public of Serbia, but demographic factors, such as 
population aging, “mask” this success in crude rates 
(1,3,5).

It was observed in this study that the year 2009 
was a critical point with the highest recorded inci-
dence rate of AMI in the observed period. One of 
the possible explanations for this increase included 
the improvement of the surveillance system and 
the intensification of work on the National Registry 
for Acute Coronary Syndrome, which could have 
contributed to more complete and accurate report-
ing of cases. In addition, during this period, more 
sensitive biomarkers of myocardial necrosis, first of 
all cardiac troponins, were introduced into clinical 
practice in Serbia, which enabled the detection of 

smaller infarctions (NSTEMI) that previously often 
remained diagnosed as unstable angina pectoris (6). 
The influence of the wider social context should not 
be ignored, since the year 2009 coincided with the 
period of the global economic crisis, as well as with 
the A (H1N1) pandemic, and the previous research 
indicated that acute stress and severe respiratory 
infections could increase the risk of acute coronary 
events (7,8).

The lowest values of age-standardized inci-
dence rates of AMI in the observed period were re-
corded in 2017 (ASR-E: 132.3 per 100,000), which is 
an important indicator of favorable epidemiological 
trend. This finding can be interpreted as the result 
of the cumulative effect of long-term preventive 
strategies and improvements in the organization 
of cardiology services in the Republic of Serbia. By 
that time period, the significant expansion of the 
network of centers for primary percutaneous cor-
onary intervention (pPCI) had occurred, as well as 
wider use of modern pharmacotherapy in primary 
and secondary prevention, which contributed to a 
decrease in the incidence of first and recurrent cor-
onary events. At the same time, the stabilization of 
the reporting system and the standardization of the 
work methodology of the Registry for Acute Cor-
onary Syndrome reduced the probability that the 
observed changes were the result of administrative 
factors, but rather reflected real changes in the epi-
demiological pattern of the disease (5). 

After this peak, the gradual decrease in inci-
dence rates testifies to the stabilization of the re-

Figure 1. Trends in incidence rates (crude, age-standardized to the European and world standard popula-
tions) of acute myocardial infarction, Republic of Serbia, 2006–2022
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no doprinelo boljem zbrinjavanju pacijenata i sman-
jenju recidiva. 

Nakon 2017. godine uočava se blagi porast ili 
stagnacija standardizovanih stopa incidencije akut-
nog infarkta miokarda, što se u poslednjim godi-
nama posmatranog perioda (2020–2022) može 
dovesti u vezu sa pandemijom COVID-19. Tokom 
ovog perioda zabeleženi su poremećaji u funkcioni-
sanju zdravstvenog sistema, uključujući otežan pris-
tup redovnim kontrolama, odlaganje dijagnostičkih 
i terapijskih procedura, kao i smanjeno korišćenje 
preventivnih zdravstvenih usluga. Pored indirektnih 
efekata pandemije, sve je više dokaza da infekcija 
virusom SARS-CoV-2 može biti povezana sa pov-
ećanim rizikom od tromboembolijskih i akutnih kor-
onarnih događaja kod vulnerabilnih pacijenata, što 
je moglo doprineti uočenim promenama u stopama 
incidencije u ovom period (9).  

Poređenje standardizovanih stopa incidencije 
akutnog infarkta miokarda (AIM) između Srbije i 
drugih evropskih zemalja zahteva oprez zbog raz-
lika u metodologiji prikupljanja podataka, definiciji 
slučajeva i stepenu razvijenosti nacionalnih regis-
tara. Ipak, u skladu sa podacima iz velikih međun-
arodnih studija o opterećenju KVB, standardizovana 
stopa incidencije prema svetskoj populaciji (ASR-W) 
u Srbiji iznosila je 101,8 na 100.000 stanovnika u 
2022. godini, uz opadajući trend u odnosu na pre-
thodne godine, što Srbiju svrstava u grupu zemalja 
sa umereno visokim do visokim KV rizikom (4).

U poređenju sa zemljama zapadne Evrope, 
poput Francuske i Italije, koje beleže znatno niže 
stope incidencije AIM (često ispod 50 na 100.000 
stanovnika), vrednosti u Srbiji su i dalje dva do tri 
puta više (10,11).  Sa druge strane, stope incidenci-
je u Srbiji slične su onima zabeleženim u zemljama 
istočne i jugoistočne Evrope, kao što su Bugarska i 
Rumunija, koje tradicionalno imaju viši KV rizik (5). 
Pojedine zemlje regiona, poput Hrvatske i Slovenije, 
ostvarile su brži i izraženiji pad incidencije AIM, što 
se u literaturi dovodi u vezu sa ranijim i dosledni-
jim sprovođenjem populacionih preventivnih mera, 
uključujući strožu regulaciju pušenja i veći obuhvat 
preventivnim zdravstvenim pregledima (12). Dodat-
no, visoka prevalencija pušenja, nepovoljne preh-
rambene navike sa visokim unosom soli i zasićenih 
masti, kao i rastuća učestalost dijabetesa tipa 2, 
i dalje predstavljaju značajne determinante po-
višenog rizika od AIM u Srbiji u poređenju sa prose-
kom Evropske unije (13). U poređenju sa evropskim 
zemljama sa niskom stopom incidencije AIM Srbija 

i dalje beleži nepovoljniju epidemiološku sliku, što 
naglašava potrebu za dodatnim unapređenjem pre-
ventivnih i terapeutski usmerenih zdravstvenih poli-
tika (5, 10).

Zaključak
Zabeleženi opadajući trend standardizovanih 

stopa incidencije AIM u Republici Srbiji u periodu od 
2006. do 2022. godine ukazuje na pozitivan efekat 
unapređenih preventivnih i terapijskih intervenci-
ja, uključujući širenje mreže centara za perkutanu 
koronarnu intervenciju. I pored povoljnih trendova, 
KVB i dalje predstavljaju vodeći javnozdravstveni 
izazov, što ukazuje na potrebu za daljim jačanjem 
populacionih preventivnih strategija. Neophodno 
je u budućnosti intenzivirati nacionalne skrining 
programe i dodatno raditi na ranoj kontroli faktora 
rizika, sa posebnim fokusom na edukaciju mlađih 
starosnih grupa o stilovima života. Dalja istraživanja 
treba usmeriti ka analizi regionalnih nejednakosti 
u dostupnosti terapije kako bi se osigurao ravno-
pravan trend opadanja obolevanja na teritoriji cele 
države. 
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porting system, but first of all, to the cumulative ef-
fect of the introduction of modern therapy (statins, 
dual antiplatelet therapy) and more massive use of 
primary percutaneous coronary intervention (pPCI) 
in Serbia, which significantly contributed to better 
patient care and reduction in relapses.

After 2017, a slight increase or stagnation of 
standardized incidence rates of myocardial infarc-
tion was observed, which could be associated with 
the COVID-19 pandemic in the last years of the 
observed period (2020-2022). During this period, 
disruptions in the functioning of the health system 
were recorded, including the limited access to reg-
ular check-ups, delays in diagnostic and therapeutic 
procedures, as well as reduced use of preventive 
health services. In addition to the indirect effects 
of the pandemic, there is increasing evidence that 
SARS-CoV-2 infection may be associated with an in-
creased risk of thromboembolic and acute coronary 
events in vulnerable patients, which may have con-
tributed to the observed changes in incidence rates 
during this period (9).

The comparison of age-standardized incidence 
rates of acute myocardial infarction (AMI) between 
Serbia and other European countries requires cau-
tion due to differences in data collection method-
ology, case definition, and level of development of 
national registries. However, in accordance with the 
data from large international studies on the burden 
of CVDs, the age-standardized incidence rate ad-
justed to the world standard population (ASR-W) in 
Serbia amounted to 101.8 per 100,000 in 2022, with 
a decreasing trend in comparison with the previous 
years, which places Serbia in the group of countries 
with a moderately high to high CV risk (4).

In comparison to Western European countries, 
such as France and Italy, where significantly lower 
incidence rates of AMI were recorded (often below 
50 per 100,000), the values in Serbia were still two 
to three times higher (10,11). On the other hand, 
the incidence rates in Serbia were similar to those 
rates recorded in Eastern and Southeastern Europe-
an countries, such as Bulgaria and Romania, which 
traditionally had a higher CV risk (5). Some coun-
tries of the region, such as Croatia and Slovenia, 
had a faster and more pronounced decline in the 
incidence of AMI, which was associated in the liter-
ature with earlier and more consistent implemen-
tation of preventive measures, including stricter 
regulation of smoking and greater coverage of pre-
ventive health examinations (12). In addition, the 
high prevalence of smoking, unfavorable dietary 

habits with a high intake of salt and saturated fat, 
as well as the increasing incidence of diabetes type 
2 continued to represent significant determinants 
of the increased risk of AMI in Serbia compared 
to the European Union average (13). Compared to 
European countries with the low incidence rate of 
AMI, more unfavorable epidemiological picture was 
recorded in Serbia, which emphasized the need for 
additional improvement of preventive and thera-
peutically-oriented health policies (5,10). 

Conclusion
The recorded decreasing trend of age-standard-

ized incidence rates of AMI in the Republic of Serbia 
from 2006 to 2022 pointed to the positive effect of 
improved preventive and therapeutic interventions, 
including the expansion of the network of centers 
for percutaneous coronary intervention. Despite 
more favorable trends, CVDs still represent the 
leading public health concern, which points to the 
need for further strengthening of population pre-
vention strategies. In the future, it is necessary to 
intensify national screening programs and addition-
ally work on the early control of risk factors, with 
a special focus on education of younger population 
groups about lifestyles. Further research should be 
directed towards the analysis of regional inequali-
ties related to the availability of therapy in order to 
ensure an equally decreasing trend of incidence in 
the territory of the whole country.  
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SAŽETAK

Uvod/cilj: Akutni infarkt miokarda (AIM) jedan je od vodećih uzroka obolevanja i umiranja od kardiova-
skularnih bolesti (KVB) globalno, pri čemu je razvoj bolesti snažno povezan sa prisustvom i interakcijom 
više faktora rizika – nemodifikabilnih (pol, starost, porodična anamneza) i modifikabilnih (hipertenzija, 
dislipidemija, pušenje, gojaznost, fizička neaktivnost, dijabetes mellitus, stres). Cilj rada je da se analizira 
prevalencija ključnih faktora rizika za AIM među pacijentima sa akutnim koronarnim sindromom (AKS) 
lečenim u koronarnim jedinicama u Republici Srbiji (2006–2011), kao i u opštoj populaciji Srbije (2012–
2022), uz poređenje sa evropskim i globalnim prosekom radi boljeg sagledavanja opterećenja faktorima 
rizika i dodatnog uvida u potrebu za unapređenjem preventivnih intervencija na nacionalnom nivou. 
Metode: Sprovedena je deskriptivna epidemiološka studija. Podaci o prevalenciji faktora rizika kod hos-
pitalizovanih pacijenata sa akutnim koronarnim sindromom (AKS) za period 2006–2011. godine preuzeti 
su iz godišnjih publikacija Instituta za javno zdravlje Srbije „Dr Milan Jovanović Batut” – Registra za 
akutni koronarni sindrom. Prevalencija istih faktora rizika u opštoj populaciji Republike Srbije za period 
2012–2022. godine analizirana je korišćenjem nacionalnih i međunarodnih sekundarnih izvora podata-
ka, uključujući izveštaje Svetske zdravstvene organizacije (World Health Organization – WHO), Globalnog 
istraživanja o upotrebi duvana kod odraslih (Global Adult Tobacco Survey – GATS), Studije globalnog 
opterećenja bolestima (Global Burden of Disease Study – GBD), nacionalna zdravstvena istraživanja 
iz 2013. i 2019. godine, kao i Evropskog zdravstvenog istraživanja (European Health Interview Survey 
– EHIS). Faktori rizika definisani su u skladu sa metodologijom korišćenih izvora podataka i važećim 
međunarodnim smernicama. 
Rezultati: Kod pacijenata sa AKS hospitalizovanih u koronarnim jedinicama u Republici Srbiji zabeležena 
je visoka prevalencija svih analiziranih faktora rizika. U 2011. godini, približno 35% pacijenata bilo je evi-
dentirano kao pušači u trenutku hospitalizacije (aktivni pušači), oko 73% je imalo arterijsku hipertenziju, 
oko 28% dijabetes melitus, oko 20% gojaznost (BMI ≥30 kg/m²), oko 37% je bilo fizički neaktivno, više od 
polovine imalo je dislipidemiju i pozitivnu porodičnu anamnezu, dok je oko 31% prijavilo povišen psiho-
socijalni stres. Analiza trendova za period 2012-2022. godine ukazuje na perzistentno visoke vrednosti 
navedenih modifikabilnih faktora rizika u opštoj populaciji, koje prate ili premašuju nivoe zabeležene 
kod hospitalizovanih pacijenata sa AKS u prethodnom periodu. 
Zaključak: Rezultati studije ukazuju na perzistentno visoku prevalenciju modifikabilnih faktora rizika u 
Republici Srbiji, koja se iz populacije pacijenata sa AKS (2006–2011.) preslikala i na opštu populaciju u 
narednoj deceniji (2012–2022.). Ovakvi trendovi, koji su nepovoljni u odnosu na evropski prosek, uka-
zuju na potrebu za integrisanim preventivnim strategijama usmerenim na modifikabilne faktore rizika sa 
ciljem smanjenja ukupnog kardiovaskularnog opterećenja u Republici Srbiji. 
Ključne reči: akutni infarkt miokarda, akutni koronarni sindrom, faktori rizika, prevalencija, prevencija, 
pušenje, hipertenzija, gojaznost  

Uvod
Kardiovaskularne bolesti (KVB) predstavlja-

ju vodeći uzrok umiranja na globalnom nivou i 
odgovorne su za oko 19,8 miliona smrtnih ishoda 
godišnje, što čini približno trećinu ukupne smrtno-
sti u svetu. Najveći deo ovog opterećenja beleži se 
u zemljama sa niskim i srednjim prihodima, gde 
se registruje oko tri četvrtine svih smrtnih ishoda 
od KVB. Među uzrocima smrti od KVB, akutni in-
farkt miokarda i moždani udar imaju dominantan 

udeo i predstavljaju vodeće pojedinačne uzroke 
smrtnosti (1). 

„Ishemijska bolest srca (IBS) predstavlja na-
jčešći entitet unutar spektra KVB i nastaje kao pos-
ledica aterosklerotskih promena u koronarnim ar-
terijama, koje dovode do smanjenog snabdevanja 
srčanog mišića krvlju (ishemije), a u težim slučaje-
vima i do nekroze miokarda (2). Klinički oblici IBS 
obuhvataju anginu pektoris, akutni infarkt miokar-
da (AIM), iznenadnu srčanu smrt i ishemijsku kar-
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SUMMARY

Background/Aim: Acute myocardial infarction (AMI) is a leading cause of morbidity and mortality from 
cardiovascular diseases (CVD) globally. The development of the disease is strongly associated with the 
presence and interaction of multiple risk factors – non-modifiable (sex, age, family history) and modi-
fiable (hypertension, dyslipidemia, smoking, obesity, physical inactivity, diabetes mellitus, stress). The 
aim of this study is to analyze the prevalence of key risk factors for AMI among patients with acute 
coronary syndrome (ACS) treated in coronary care units in the Republic of Serbia (2006–2011), as well 
as in the general population of Serbia (2012–2022). Furthermore, these findings are compared with 
European and global averages to better understand the burden of risk factors and provide additional 
insight into the need for improved national preventive interventions.
Methods: A descriptive epidemiological study was conducted. Data on the prevalence of risk factors 
in hospitalized patients with acute coronary syndrome (ACS) for the period 2006–2011 were retrieved 
from the annual publications of the “Dr Milan Jovanović Batut” Institute of Public Health of Serbia – the 
National Registry for Acute Coronary Syndrome. The prevalence of the same risk factors in the general 
population of the Republic of Serbia for the period 2012–2022 was analyzed using national and interna-
tional secondary data sources, including reports from the World Health Organization (WHO), the Global 
Adult Tobacco Survey (GATS), the Global Burden of Disease Study (GBD), the National Health Surveys 
from 2013 and 2019, and the European Health Interview Survey (EHIS). Risk factors were defined in ac-
cordance with the methodology of the data sources used and current international guidelines.
Results: A high prevalence of all analyzed risk factors was recorded among patients with ACS hospital-
ized in coronary care units in the Republic of Serbia. In 2011, approximately 35% of patients were re-
corded as smokers at the time of hospitalization (active smokers), about 73% had arterial hypertension, 
approximately 28% had diabetes mellitus, about 20% had obesity (BMI ≥30 kg/m²), and roughly 37% 
were physically inactive. More than half had dyslipidemia and a positive family history, while approxi-
mately 31% reported elevated psychosocial stress. Trend analysis for the 2012–2022 period indicates 
persistently high values of these modifiable risk factors in the general population, which match or ex-
ceed the levels recorded among hospitalized ACS patients in the preceding period.
Conclusion: The findings of this study indicate a persistently high prevalence of modifiable risk factors in 
the Republic of Serbia, which transitioned from the ACS patient population (2006–2011) to the general 
population over the following decade (2012–2022). These trends, which are more unfavorable than the 
European average, highlight the urgent need for integrated preventive strategies targeting modifiable 
risk factors to reduce the overall cardiovascular burden in the Republic of Serbia. 
Keywords: Acute myocardial infarction, acute coronary syndrome, risk factors, prevalence, prevention, 
smoking, hypertension, obesity

Introduction
Cardiovascular diseases (CVDs) are the leading 

cause of mortality globally and they are responsible 
for about 19.8 million deaths annually, accounting 
for approximately one-third of all global deaths. The 
largest part of this burden is recorded in low- and 
middle-income countries, where about three-quar-
ters of all deaths caused by CVDs are registered. 
Among the causes of death attributed to CVDs, 
acute myocardial infarction and stroke have a dom-

inant share and represent the leading individual 
causes of mortality (1).

“Ischemic heart disease (IHD) represents the 
most common entity within the spectrum of CVDs 
and it occurs as a consequence of atherosclerotic 
changes in coronary arteries, which lead to the re-
duced blood supply to the heart muscle (ischemia), 
and in severe cases to myocardial necrosis” (2). 
“Clinical forms of IHD include angina pectoris, acute 
myocardial infarction (AMI), sudden cardiac death 
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diomiopatiju” (2). Nestabilna angina pektoris, in-
farkt miokarda bez elevacije ST segmenta, infarkt 
miokarda sa elevacijom ST segmenta i iznenadna 
srčana smrt grupišu se pod zajedničkim nazivom 
akutni koronarni sindrom (AKS) (3,4). 

AIM predstavlja jedan od najznačajnijih 
kliničkih i javnozdravstvenih problema unutar AKS, 
sa visokim udelom u ukupnom morbiditetu i mor-
talitetu od KVB, kako u razvijenim zemljama, tako 
i u zemljama u razvoju (1). Uprkos značajnom na-
pretku u dijagnostici, terapiji i organizaciji zdravst-
vene zaštite, AIM i dalje ima izražen epidemiološki 
i socioekonomski značaj, kako zbog visokog mor-
taliteta, tako i zbog dugoročnih posledica po funk-
cionalni status i kvalitet života obolelih (5).

Faktori rizika za nastanak KVB tradicionalno se 
dele na nepromenljive i promenljive. Nepromen-
ljivi faktori rizika uključuju starost, pol, genetsku 
predispoziciju i pripadnost određenim etničkim 
grupama, iako se na njih ne može direktno uticati, 
oni značajno doprinose ukupnom kardiovaskular-
nom riziku.  Rizik od nastanka AIM raste sa godina-
ma života, viši je kod muškaraca u ranijim životnim 
dekadama, dok se kod žena značajno povećava 
nakon menopauze (6). Pozitivna porodična an-
amneza, naročito rana pojava KVB kod srodnika 
prvog stepena, dodatno povećava verovatnoću 
obolevanja (7).

Promenljivi faktori rizika obuhvataju ponaša-
jne i metaboličke determinante, uključujući pušen-
je duvana, nezdravu ishranu, fizičku neaktivnost, 
prekomernu konzumaciju alkohola, hronični psi-
hosocijalni stres i poremećaje mentalnog zdravlja 
(6). Metabolički faktori rizika uključuju arterijsku 
hipertenziju, dislipidemiju, poremećaje metaboliz-
ma glukoze (uključujući dijabetes melitus), gojaz-
nost, naročito abdominalnog tipa, kao i hroničnu 
bubrežnu bolest. Upravo ovi promenjivi faktori 
rizika predstavljaju osnovu savremenih strategija 
prevencije KVB na globalnom i regionalnom nivou 
(1,8,9).

Prema dostupnim epidemiološkim podacima, 
Republika Srbija se ubraja među zemlje sa nepovo-
ljnim kardiometaboličkim profilom (10,11). U pop-
ulaciji se beleži visoka prevalencija ključnih faktora 
rizika za nastanak akutnog infarkta miokarda, uk-
ljučujući pušenje (oko 35%), arterijsku hiperten-
ziju (približno 40%), dijabetes mellitus (oko 10%), 
gojaznost (tj. indeks telesne mase ≥ 30 kg/m² je 
bio oko 25%) i fizičku neaktivnost (oko 40%), uz 
značajan uticaj psihosocijalnih i socioekonomskih 
faktora, procenjenih na približno 30% (10-15). U 

poređenju sa prosekom većine evropskih zemal-
ja, u Srbiji se registruje viši udeo pušača i osoba sa 
povišenim krvnim pritiskom, kao i izraženija fizička 
neaktivnost, dok su globalno prevalencije pušenja 
i gojaznosti niže (14,15).  

Ovakav nepovoljan profil rizika doprinosi vi-
sokom opterećenju AIM u populaciji i ukazuje na 
potrebu za kontinuiranim praćenjem trendova i cil-
janim preventivnim intervencijama.

Uprkos napretku u dijagnostici, terapiji i orga-
nizaciji zdravstvene zaštite, visok nivo izloženosti 
navedenim faktorima rizika održava značajan ter-
et AIM i drugih KVB (1,5,9). Analiza prevalencije i 
raspodele faktora rizika, kako u opštoj populaciji, 
tako i među hospitalizovanim pacijentima sa AKS 
lečenim u koronarnim jedinicama, od ključnog je 
značaja za planiranje, evaluaciju i optimizaciju na-
cionalnih preventivnih strategija (5,8).

Cilj rada je da se analizira prevalencija ključnih 
faktora rizika za AIM među pacijentima sa AKS 
lečenim u koronarnim jedinicama u Republici Sr-
biji (2006–2011), kao i u opštoj populaciji Srbije 
(2012–2022), uz poređenje sa evropskim i global-
nim prosekom radi boljeg sagledavanja opterećen-
ja faktorima rizika i dodatnog uvida u potrebu za 
unapređenjem preventivnih intervencija na nacio-
nalnom nivou. 

Metode
U okviru ove studije sprovedena je deskrip-

tivna epidemiološka analiza sekundarnih podata-
ka o prevalenciji faktora rizika povezanih sa AIM. 
S obzirom na to da u posmatranom periodu nisu 
postojali jedinstveni, kontinuirani podaci koji na 
istovetan način prate faktore rizika specifične za 
AIM u opštoj populaciji, primenjen je pristup an-
alize podataka kroz dva komplementarna izvora: 
kliničku populaciju pacijenata sa AKS i opštu popu-
laciju Republike Srbije.

Podaci o prevalenciji faktora rizika kod paci-
jenata hospitalizovanih zbog AKS u koronarnim 
jedinicama preuzeti su iz godišnjih publikacija In-
stituta za javno zdravlje Srbije „Dr Milan Jovanović 
Batut“- Registra za akutni koronarni sindrom za 
period 2006-2011. godine (16). AKS je u ovom 
kontekstu klasifikovan na infarkt miokarda (IM) sa 
elevacijom ST segmenta (STEMI), IM bez elevacije 
ST segmenta (NSTEMI) i nestabilnu anginu pecto-
ris, na osnovu elektrokardiografskih nalaza i labo-
ratorijskih parametara (srčanih markera) (3,4,17).

Analiza trendova faktora rizika u opštoj pop-
ulaciji Republike Srbije sprovedena je korišćen-
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Discussion
The results of this study confirm that the Re-

public of Serbia maintains an unfavorable car-
diometabolic profile, which has transitioned from 
the general population to coronary care units for 
decades. Arterial hypertension, dyslipidemia and 
smoking are dominant in patients with ACS, which 
is completely in accordance with the global data 
that identify these factors as the carriers of the 
largest part of the preventable cardiovascular bur-
den (24,25). 

Findings concerning the persistence of risk 
factors in the general population during the ob-
served ten-year period (2012-2022) are particular-
ly worrying. While developed European countries 
record a decline in the prevalence of smoking and 
better control of arterial hypertension, data for 
Serbia indicate stagnation or even an increase in 
these parameters. The fact that the prevalence of 
smoking in the general population (about 37%) is 
higher than in patients who have already experi-
enced ACS (about 35%) suggests serious omissions 
in the primary prevention and control of tobacco 
use. This pattern requires a radical change in pub-
lic health policies, with the introduction of stricter 
fiscal measures (tobacco and sugar taxes) and the 

creation of environment that actively encourages 
physical activity (26,27).

The comparative analysis of the European av-
erage places Serbia at the very top of countries 
with a high risk. A higher rate of obesity (BMI ≥ 25 
kg/m2 in about 60% of the population) and phys-
ical inactivity (about 40%) compared to the EU 
average numbers creates a “reservoir” of future 
patients in coronary care units. These findings di-
rectly support the need to introduce the SCORE2 
risk assessment model, which is specifically adjust-
ed to populations with a very high cardiovascular 
risk such as ours (37).

Risk assessment in clinical practice must not 
be reduced to the observation of isolated factors. 
It is emphasized in our analysis that the synergis-
tic effect of smoking, hypertension and diabetes 
is not merely additive, but multiplicative, which 
is the basic principle of Framingham’s and SCORE 
model of risk stratification (32,39). Table 3 shows 
that the integrated approach to cardiovascular risk 
assessment enables a more efficient and rational 
use of health resources, through timely recogni-
tion and targeting of persons belonging to the cat-
egory of high and very high risk, before the onset 
of irreversible myocardial damage.

Table 2. Reference prevalence of key cardiovascular risk factors  
in the general population of the Republic of Serbia 2012–2022 (10,11,14,20,21)

Risk factor Prevalence (%) Data source

Smoking ≈35–37 (10,14,18,19)

Arterial hypertension ≈30–33 (10,18,19,21)

Diabetes mellitus ≈8–10 (10,18,19)

BMI ≥25 kg/m² ≈57–60 (10,18,19,22)

Physical inactivity ≈35–40 (10,18,19,21)

Dyslipidaemia ≈12–15 (10,18,19)
The data represent approximate reference prevalence estimates, derived primarily from self-reported (survey-based) data 

from national health surveys, using the methodological frameworks of GATS and EHIS. Due to differences in indicator defini-
tions and source design, the values should be interpreted as a reference framework and are not directly comparable across 

all sources. Annual data are not available for all risk factors; therefore, the table does not present time trends.

Table 3. Illustrative presentation of risk factor categorization according to the SCORE  
and Framingham models (adapted from Conroy et al., 2003; Wilson et al., 1998) (32,37,39)

Risk factor Low risk Moderate risk High risk

Age <45 years 45–60 years >60 years

Smoking status Non-smoker Occasional smoker Active smoker

Systolic blood pressure <130 mmHg 130–139 mmHg ≥140 mmHg

Cholesterol (total) <130 mg/dL 130–159 mg/dL ≥160 mg/dL

Diabetes mellitus(risk modifier; outside SCORE) No Prediabetes Yes

The diabetes category is provided for illustrative purposes as a risk modifier. Diabetes mellitus is not part of the original 
SCORE algorithm, whereas it is incorporated in Framingham-based models, including the general cardiovascular risk profile 

(D’Agostino et al., 2008) (32).
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Konačno, visoka prevalencija psihosocijalnog 
stresa (oko 31%) kod pacijenata sa AKS ukazuje 
na to da savremeni preventivni protokoli u Srbi-
ji moraju uključiti i aspekte mentalnog zdravlja i 
socioekonomskog statusa, koji se u našoj sredini 
često zanemaruju u korist isključivo metaboličkih 
parametara (12,38).

Sveobuhvatni pristup kontroli kardiovaskular-
nog opterećenja u Srbiji zahteva precizno defini-
sane nivoe intervencija. Primarna prevencija 
mora ostati prioritet javnog zdravlja, s fokusom 
na modifikaciju životnog stila. Prestanak pušen-
ja, prelazak na mediteranski tip ishrane i redovna 
fizička aktivnost, uz ranu identifikaciju dijabetesa 
i adekvatnu kontrolu arterijskog krvnog pritiska, 
čine temelj smanjenja incidencije AIM (6,28,40). 
Podatak o visokom BMI u opštoj populaciji Srbije 
(60%) dodatno naglašava potrebu za intervencija-
ma koje prevazilaze samo savetovanje i prelaze u 
domen nacionalnih politika kontrole hrane i fizičk-
og okruženja (29,30).

Za pacijente koji su već razvili koronarnu 
bolest, sekundarna prevencija predstavlja impera-
tiv u sprečavanju fatalnih ishoda. Ona se oslanja na 
“zlatni standard” farmakoterapije (antitrombocit-
na terapija, beta-blokatori, ACE inhibitori i statini) 
i rano uključivanje u programe kardiološke reha-

bilitacije. Ovi programi nisu samo medicinska po-
drška, već strukturirani procesi koji dokazano re-
dukuju ukupni mortalitet i rizik od recidiva infarkta 
(28,41,42).

Iako se u praksi često poistovećuje sa sekund-
arnom, tercijarna prevencija (dugoročno postin-
farktno zbrinjavanje) ima specifičan cilj: očuvanje 
preostalog funkcionalnog kapaciteta miokarda i 
prevenciju razvoja hronične srčane insuficijencije. 
Ona podrazumeva kontinuiranu edukaciju i rein-
tegraciju pacijenta, uz stalnu optimizaciju terapije 
kako bi se izbegle teške aritmije i druge kasne kom-
plikacije AIM (28,43).

Uporedna analiza efekata ovih mera (Tabe-
la 4) jasno pokazuje da nepušački status i fizička 
aktivnost ostvaruju najveću relativnu redukciju 
rizika, često nadmašujući efekte pojedinačnih far-
makoloških agenasa. Međutim, ključni zaključak 
kliničkih i epidemioloških studija jeste da preven-
tivne intervencije deluju sinergijski. Kombinovana 
primena nefarmakoloških mera i savremene tera-
pije (statina i antihipertenziva) pruža zaštitu koja 
je značajno veća od zbira njihovih pojedinačnih 
efekata (6,28,44). Ovakav integrisani pristup, usk-
lađen sa evropskim smernicama, jedini je održiv 
model za smanjenje visokog kardiovaskularnog 
mortaliteta u Republici Srbiji.

Tabela 4. Ilustrativni prikaz relativnog smanjenja kardiovaskularnog rizika  
povezanog sa odabranim preventivnim intervencijama kod akutnog infarkta miokarda

Intervencija Relativno smanjenje rizika Ciljna populacija

Prestanak pušenja Smanjenje kardiovaskularnog rizika za 36%
Opšta populacija, pacijenti posle AIM 
(28,29)

Smanjenje krvnog pritiska (za 10 mmHg 
sistolnog)

Smanjenje rizika od nastanka AIM za 20–25% Osobe sa hipertenzijom (24,34)

Statini (na 1 mmol/L smanjenja LDL)
Smanjenje velikih kardiovaskularnih događaja 
za 20–25%

Primarna i sekundarna prevencija 
(9,36)

ACE inhibitori (posle AIM) Smanjenje mortaliteta za 20–22% Sekundarna prevencija (41)

Kardiološka rehabilitacija
Smanjenje ukupnog rizika i rizika reinfarkta za 
13–26%

Pacijenti posle AIM (28,42)

Fizička aktivnost ≥150 min/ nedeljno Smanjenje kardiovaskularnog rizika za 20–30% Opšta populacija (27,28)

Napomena: Prikazane vrednosti predstavljaju približne procene relativnog smanjenja kardiovaskularnog rizika zasnovane 
na različitim kliničkim i epidemiološkim studijama i odnose se na specifične ciljne populacije. Prikazani efekti nisu direktno 
uporedivi između intervencija, već služe za ilustraciju potencijalnog doprinosa pojedinačnih preventivnih mera u smanjenju 

rizika od akutnog infarkta miokarda.

Prednosti ove studije ogledaju se pre svega u 
dugoročnom vremenskom obuhvatu od šesnaest 
godina, što je omogućilo detaljno praćenje tren-
dova faktora rizika kako u opštoj populaciji tako i 
među osobama sa AKS lečenim u koronarnim jed-
inicama. Iako se deo podataka odnosi na širi spek-

tar AKS, oni pružaju pouzdanu sliku o opterećen-
ju faktorima rizika koji su direktno povezani sa 
patogenezom AIM. Sa druge strane, studija ima 
određena ograničenja, prvenstveno zbog heterog-
enosti izvora podataka. Dok su podaci za pacijente 
sa AKS bazirani na objektivnim kliničkim nalazima, 
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Finally, the high prevalence of psychosocial stress 
(about 31%) in patients with ACS indicates that mod-
ern prevention protocols in Serbia must also include 
aspects of mental health and socioeconomic status, 
which are often neglected in our environment in fa-
vor of solely metabolic parameters (12,38).

A comprehensive approach to the control of 
cardiovascular burden in Serbia requires precise-
ly defined levels of interventions. Primary preven-
tion must remain the priority of public health with 
a focus on lifestyle modification. Quitting smoking, 
switching to the Mediterranean diet, and regular 
physical activity, along with the early identification 
of diabetes and adequate control of arterial blood 
pressure, make the basis for reducing the incidence 
of AMI (6,28,40). The data on the high BMI in the 
general population in Serbia (60%) additionally em-
phasizes the need for interventions that go beyond 
counseling and go into the domain of national poli-
cies relating to the control of food and physical envi-
ronment (29,30).

For patients who have already developed cor-
onary disease, secondary prevention is imperative 
in preventing fatal outcomes. It relies on the “gold 
standard” of pharmacotherapy (antiplatelet thera-
py, beta-blockers, ACE inhibitors and statins) and the 
early inclusion in cardiac rehabilitation programs. 
These programs do not imply only medical support, 

but structured processes that have been proven to 
reduce overall mortality and the risk of recurrent 
myocardial infarction (28,41,42).

Although it is often equated with secondary pre-
vention in practice, tertiary prevention (long-term 
post-infarction care) has a specific goal: preserving 
the remaining functional capacity of the myocar-
dium and preventing the development of chronic 
heart failure. It implies the continuous integration 
and reintegration of the patient, with the constant 
optimization of therapy in order to avoid severe 
arrhythmias and other late complications of AMI 
(28,43).

The comparative analysis of effects of these 
measures (Table 4) clearly shows that non-smoking 
status and physical activity achieve the greatest rel-
ative risk reduction, often surpassing the effects of 
individual pharmacological agents. However, a key 
conclusion of clinical and epidemiological studies 
is that preventive interventions act synergistically. 
The combined application of non-pharmacological 
measures and modern therapy (statins and antihy-
pertensives) provides the protection which is signifi-
cantly greater than the sum of their individual effects 
(6,28,44). This integrated approach, which is aligned 
with the European guidelines, is the only sustainable 
model for reducing high cardiovascular mortality in 
the Republic of Serbia.

Table 4. Illustrative overview of relative risk reduction associated with  
selected preventive interventions for acute myocardial infarction

Intervention Relative risk reduction Target population

Smoking cessation 36% reduction in cardiovascular risk General population, post-AMI (28,29)

Blood pressure reduction (10 mmHg sys-

tolic)

20–25% reduction in incident AMI Hypertensive patients (24,34)

Statins (per 1 mmol/L LDL reduction) 20–25% reduction in major cardiovascular 

events

Primary and secondary prevention 

(9,36)
ACE inhibitors (post-AMI) 20–22% reduction in mortality Secondary prevention (41)
Cardiac rehabilitation 13–26% reduction in overall and reinfarc-

tion risk

Post-AMI patients (28,42)

Physical activity ≥150 min/week 20–30% reduction in cardiovascular risk General population (27,28)

Note: The presented values represent approximate estimates of relative cardiovascular risk reduction derived from different 
clinical and epidemiological studies and refer to specific target populations. The effects are not directly comparable across 

interventions and are intended to illustrate the potential contribution of individual preventive measures to reducing the risk 
of acute myocardial infarction.

The advantages of this study are reflected, first 
of all, in the long-term time span of 16 years, which 
enabled a detailed monitoring of trends in risk fac-
tors, both in the general population and in persons 
with ACS treated in coronary care units. Although 
some of the data refer to the wider spectrum of 

ACS, they provide a reliable picture of the burden 
related to risk factors that are directly associated 
with the pathogenesis of AMI. On the other hand, 
the study has certain limitations, primarily due to 
the heterogeneity of data sources. Although data 
relating to patients with ACS are based on objec-
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podaci za opštu populaciju se velikim delom oslan-
jaju na ankete i samoprocenu, što nosi rizik od pot-
cenjivanja prevalencije određenih stanja, naročito 
dislipidemije. Takođe, oslanjanje na sekundarne 
izvore podataka onemogućilo je dublju analizu 
specifičnih laboratorijskih biomarkera u opštoj 
populaciji, dok deskriptivna studija omogućava 
da se uoči korelacija i prate trendovi, ali ne i doka-
zivanje uzročno-posledičnih veza.

Zaključak
Rezultati studije ukazuju na perzistentno vi-

soku prevalenciju modifikabilnih faktora rizika u 
Republici Srbiji, koja se iz populacije pacijenata sa 
AKS u periodu 2006–2011. godine preslikala i na 
opštu populaciju u narednoj deceniji, od 2012. 
do 2022. godine. Ovakvi trendovi, nepovoljniji u 
odnosu na evropski prosek, ukazuju na potrebu za 
integrisanim preventivnim strategijama usmeren-
im na modifikabilne faktore rizika, sa ciljem sman-
jenja ukupnog kardiovaskularnog opterećenja u 
Republici Srbiji.
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tive clinical findings, data for the general popula-
tion are, to a large extent, based on questionnaires 
and self-assessment, which carries the risk of un-
derestimating the prevalence of certain conditions, 
especially dyslipidemia. Also, relying on second-
ary data sources did not allow a deeper analysis 
of specific laboratory biomarkers in the general 
population, while a descriptive study allows one to 
observe correlations and follow trends, but not to 
prove the causal connection. 

Conclusion
The findings of this study indicate a persistent-

ly high prevalence of modifiable risk factors in the 
Republic of Serbia, which transitioned from the 
ACS patient population (2006–2011) to the gen-
eral population over the following decade (2012–
2022). These trends, which are more unfavorable 
than the European average, highlight the need for 
integrated preventive strategies targeting modifi-
able risk factors to reduce the overall cardiovascu-
lar burden in the Republic of Serbia.
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SAŽETAK

Uvod/cilj: Afektivni poremećaji raspoloženja (APR) spadaju u najčešća psihijatrijska oboljenja savremenog 
doba, sa rastućom prevalencijom među mlađom populacijom. Unipolarna depresija, kao najčešći oblik, 
predstavlja jedan od vodećih globalnih uzroka opterećenja bolestima i mortaliteta usled suicida. Cilj ovog 
rada je analiza specifičnosti zdravstvene nege i uloge medicinske sestre u terapijskom tretmanu pacijenata 
sa APR.
Metode: U radu je primenjena metoda analize stručne i naučne literature dostupne u elektronskim baza-
ma (PubMed, NCBI, SCIndex, Google Scholar). Korišćene su ključne reči: „afektivni poremećaji raspolože-
nja”, „zdravstvena nega”, „sestrinske intervencije”, „medicinska sestra”. Pretražena je literatura objavljena 
u periodu od 2014. do 2024. godine.
Rezultati: Najzastupljeniji oblici APR su depresivni i bipolarni poremećaj. Etiologija je kompleksna, a značaj-
nu ulogu igraju psihosocijalni stresori i trauma. Medicinske sestre, kroz terapijsku komunikaciju i kontinui-
rano praćenje, ključno doprinose stabilizaciji pacijenta i sprovođenju terapijskog plana.
Zaključak: APR karakteriše visoka učestalost i predominacija ženskog pola. Unapređenje procesa nege kroz 
holistički pristup i standardizaciju intervencija značajno doprinosi kvalitetu lečenja i smanjenju rizika od 
komplikacija.
Ključne reči: Afektivni poremećaj raspoloženja, medicinske sestre, zdravstvena nega

Uvod
Afektivni poremećaj raspoloženja (APR) se 

ubraja u jedno od najčešćih psihijatrijskih oboljenja 
sa sve većom prevalencijom kod mlađe populacije. 
Prema podacima Svetske zdravstvene organizacije 
(SZO) ovi poremećaji se nalaze među prvih deset 
uzroka smrtnosti u svetu (1). APR karakterišu nagle 
varijacije raspoloženja uz odsustvo eutimije – stanja 
koje podrazumeva umerena osećanja sreće i tuge u 
skladu sa životnim okolnostima.

Pacijenti sa APR često imaju i udružene bolesti 
(anksiozni poremećaj, alkoholizam, oboljenja kar-
diovaskularnog sistema i metaboličke poremećaje). 
U APR ubrajamo: depresivni poremećaj, bipolarni 
afektivni poremećaj (BAP), distimija i ciklotimija. Na-
vedeni poremećaji značajno mogu smanjiti kvalitet 
života i svakodnevno funkcionisanje u porodičnom, 

društvenom i poslovnom životu (2-4). Unipolarna 
depresija predstavlja najčešći oblik APR i pogađa 15 
do 20% celokupne populacije obolelih i može se ja-
viti u bilo kom periodu života (najčešće je prisutan 
u periodu adolescencije pa do 45. godine života). 
Žene su dva do tri puta češće izložene oboljevaju od 
ovog poremećaja i to bipolarnog poremećaja tip II. 

Uzroci koji mogu doprineti razvoju ovog pore-
mećaja i uticati na emotivnu komponentu pacije-
nata su mnogobrojni. Smatra se da najveći učinak 
imaju sociodemografski faktori (pol, starost, me-
sto stanovanja, obrazovanje, bračni status i drugi), 
velike životne promene (promena posla, promena 
mesta stanovanja) i životne tragedije - smrt bližnje 
osobe, bolest, razvod braka i sl. (5-7). 

Zdravstvena nega i aktivnosti medicinskih sesta-
ra u radu sa pacijentima koji boluju od APR obuhva-
taju kontinuirani nadzor pacijenata, mere prevenci-
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SUMMARY

Introduction/Aim: Affective mood disorders (AMD) are among the most common psychiatric illnesses of 
the modern era, with a growing prevalence among the younger population. Unipolar depression, as the 
most frequent form, represents one of the leading global causes of disease burden and suicide mortality. 
The aim of this paper is to analyze the specific aspects of nursing care and the role of the nurse in the ther-
apeutic treatment of patients with AMD.
Methods: The study applied the method of analyzing professional and scientific literature available in elec-
tronic databases (PubMed, NCBI, SCIndex, Google Scholar). The following keywords were used: “affective 
mood disorders”, “nursing care”, “nursing interventions”, “nurse”. The literature that was published in the 
period 2014-2024 was searched
Results: The most prevalent forms of AMD are depressive and bipolar disorders. The etiology is complex, 
with psychosocial stressors and trauma playing a significant role. Nurses, through therapeutic communi-
cation and continuous monitoring, contribute crucially to patient stabilization and the implementation of 
the therapeutic plan.
Conclusion: AMD is characterized by high prevalence and predominance of female gender. Improving the 
care process through a holistic approach and the standardization of interventions significantly contributes 
to the quality of treatment and the reduction of the risk of complications.
Keywords: affective mood disorder, nurses, nursing care

Introduction
An affective mood disorder (AMD) is one of 

the most common psychiatric diseases with an in-
creasing prevalence in the younger population. Ac-
cording to the data of the World Health Organiza-
tion (WHO), these disorders are among the top ten 
causes of death at the global level (1). AMD is char-
acterized by sudden mood swings with the absence 
of euthymia – a mood state that implies moderate 
feelings of happiness and sadness in accordance 
with life circumstances.

Patients with AMD often have associated dis-
eases (anxiety disorder, alcoholism, cardiovascular 
diseases and metabolic disorders). AMD includes: 
depressive disorder, bipolar affective disorder 
(BAD), dysthymia and cyclothymia. The above men-
tioned disorders can significantly reduce the quali-

ty of life and daily functioning in family, social and 
business life (2-4). Unipolar depression is the most 
common form of AMD, which affects 15 to 20% of 
the entire population of patients and can occur at 
any point of life (it is most often present in the pe-
riod of adolescence up to the age of 45). Women 
are two to three times more likely to develop this 
disorder, namely bipolar disorder type II.

There are many causes that can contribute to 
the development of this disorder and affect the 
emotional component of patients. It is considered 
that socio-demographic factors (gender, age, place 
of residence, education, marital status, etc.), major 
life changes (change of job, change of place of res-
idence) and life tragedies – death of a loved one, 
disease, divorce, have the greatest influence. 

Health care and activities of nurses that work 
with patients affected by AMD include the contin-
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je samopovređivanja i pokušaja samoubistva, kao i 
aktivno učestvovanje u psihoterapiji i socioterapiji. 
S obzirom da medicinske sestre najviše vremena 
provode u radu sa ovim pacijentima, primena holi-
stičkog pristupa uz poštovanje individualnosti i pri-
vatnosti zauzima značajno mesto u prevenciji kom-
plikacija i prevazilaženju problema. Imajući u vidu 
kompleksnost zdravstvene nege i psihoterapijskog 
tretmana ovih pacijenata, primena Procesa zdrav-
stvene nege omogućava individualan pristup i pra-
ćenje svakog pacijenta ponaosob, uz dokumentova-
nje svih aktivnosti i sestrinskih procedura. Time se 
značajno postiže kvalitetniji rad, preveniraju kompli-
kacije a nega je prilagođena potrebama pacijenta. 
Značajnu ulogu u ostvarivanju dobre komunikacije 
i saradnje između medicinske sestre i pacijenta ima 
odnos zasnovan na međusobnom poverenju, iskre-
nosti, empatiji, bez postojanja stigmatizacije i osu-
đivanja (8).

Cilj ovog istraživanja je sagledavanje specifično-
sti zdravstvene nege pacijenata sa afektivnim pore-
mećajem raspoloženja i uloga medicinske sestre u 
terapijskom tretmanu pacijenata.

Metode
Ovaj pregledni rad  ima za cilj da rezimira rele-

vantnu literaturu i istraživanja koja su se odnosila 
na specifičnosti i značaj zdravstvene nege pacijena-
ta sa afektivnim poremećajem raspoloženja (APR) 
kao i na pojedine aktivnosti, pristup i intervencije 
medicinskih sestara u radu sa ovim pacijentima. 
Takođe, sumirani su i rezultati istraživanja vezanih 
za pojavu različitih oblika ovog poremećaja, njiho-
voj rasprostranjenosti, posledicama i perspektivi 
za njihovo prevazilaženje. Pregled i analiza radova 
sprovedeni su u elektronskim bazama podataka 
(PubMed, NCBI, SCIndex, Google Scholar). Ključne 
reči za pretraživanje na srpskom i engleskom jeziku 
bile su: „afektivni poremećaji raspoloženja”, „zdrav-
stvena nega”, „sestrinske intervencije”, „medicinska 
sestra”. Pretražena je literatura objavljena u periodu 
od 2014. do 2024. godine.

Faktori rizika za nastanak afektivnog 
poremećaja raspoloženja

Prema istraživanju najčešćih poremećaja men-
talnog zdravlja u Srbiji sprovedenom 2022. godine 
na uzorku od 1000 građana (uzrasta 18–65 godina), 
kao značajni prediktori za nastanak APR izdvojili su 
se: ženski pol, mlađi uzrast, život u gradskoj sredini i 
nizak socioekonomski status (9). Rowland i Marwa-
ha (2017) faktore rizika za APR klasifikuju u tri grupe: 

biološke, individualno-psihološke i faktore sredine 
(10).

Biološki faktori 
Kao najčešći biološki faktori navode se genetska 

predispozicija (40% do 70% veći rizik ukoliko je krvni 
srodnik oboleo od APR-a) i poremećaj neurotran-
smitera. Isto istraživanje dovodi u korelaciju para-
zitarnu infekciju toksoplazmozu sa poremećajima 
mentalnog zdravlja; navodi se da uzročnik Toxopla-
sma gondii može poremetiti produkciju dopami-
na, što se povezuje sa nastankom manije i depre-
sije (10). Takođe, istraživanje u Bosni i Hercegovini 
(2008) ukazuje na ulogu endokrinoloških poreme-
ćaja, konkretno pojačanog lučenja kortizola kao od-
govora na stresne situacije (13).

Individualno-psihološki faktori 
Istraživanje koje su sproveli Di Giacomo i sa-

radnici (2023) u Švajcarskoj ističe ličnost i tempe-
rament kao ključne faktore. Utvrđeno je da način 
na koji osobe reaguju na životne situacije značajno 
doprinosi razvoju APR-a. Poremećaj se češće javlja 
kod pasivnih, povučenih i introvertnih osoba sa ni-
skim samopoštovanjem koje izbegavaju konflikte 
(14). Gostiljac i saradnici (2022) takođe potvrđuju 
da afektivni temperamenti čine osnovu ličnosti koja, 
u interakciji sa drugim faktorima, može dovesti do 
nastanka poremećaja (16).

Faktori sredine i savremeni izazovi 
Traume iz detinjstva (emocionalno, fizičko ili 

seksualno zlostavljanje) značajno doprinose nastan-
ku APR-a i visokoj stopi suicida u odraslom dobu. 
Stres na poslu, gubitak voljene osobe ili somatske 
bolesti predstavljaju jake stresore, često praćene 
komorbiditetima poput alkoholizma i zavisnosti od 
psihoaktivnih supstanci ili lekova (10).

U Srbiji je vršnjačko nasilje posebno izražen fak-
tor; istraživanje Stanimirovića (2019) pokazuje da 
je 65% dece doživelo neki vid zlostavljanja, a kod 
50% žrtava se kasnije razvija APR, najčešće depresi-
ja (15). Na radnom mestu, faktori poput “burnout” 
sindroma (sindroma sagorevanja) i hroničnog umo-
ra takođe narušavaju mentalno zdravlje (17).

Naposletku, pandemija COVID-19 globalno 
je pogoršala statistiku. Seyed Alinaghi i saradnici 
(2021) navode da su izolacija, strah od smrti i preko-
merno korišćenje društvenih mreža doveli do pora-
sta anksioznosti i depresije, naročito kod populacije 
uzrasta 21–40 godina, dok su zdravstveni radnici bili 
u najvišem stepenu rizika (18).
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uous monitoring of patients, measures to prevent 
self-harm and suicide attempts, as well as active 
participation in psychotherapy and sociotherapy. 
Given that nurses spend most of their time work-
ing with these patients, the implementation of a 
holistic approach, while respecting individuality 
and privacy plays a significant role in preventing 
complications and overcoming problems. Having in 
mind the complexity of health care and psychother-
apy of these patients, the application of the health 
care process enables an individual approach and 
follow-up of each patient individually, while docu-
menting all activities and nursing procedures. This 
significantly improves the quality of work, prevents 
complications, while patient-centered care focuses 
on the patient’s needs. The relationship, which is 
based on mutual trust, honesty, empathy, without 
stigmatization and judgment, has a significant role 
in achieving good communication and between 
nurses and patients.

The aim of this study is to analyze specific as-
pects of health care in patients with affective mood 
disorder and the role of nurses in the therapeutic 
treatment of patients.

Methods
The aim of this review article was to summarize 

the relevant literature and studies that dealt with 
the specifics and significance of health care in pa-
tients with affective mood disorder (AMD), as well 
as with certain activities, approaches and interven-
tions of nurses in working with these patients. Also, 
the results of studies that dealt with the develop-
ment of different forms of this disorder, their prev-
alence, consequences and perspectives for over-
coming them were summarized. The review and 
analysis of studies were conducted using the elec-
tronic databases (PubMed, NCBI, SCIndex, Google 
Scholar). The following key words in English and 
Serbian were used for literature search: “affective 
mood disorders”, “health care”, “nursing interven-
tions”, “nurse”. The literature published between 
2014 and 2024 was searched. 

Risk factors for the development of affective 
mood disorder

According to the study of the most common 
mental health disorders in Serbia that was conduct-
ed in 2022 on the sample of 1,000 citizens (aged 
18-65 years), the following predictors were signifi-
cant for the development of AMD: female gender, 
younger age, living in the urban environment and 

low socioeconomic status (9). Rowland and Marwa-
ha (2017) classified risk factors into three groups: 
biological, individual-psychological and environ-
mental factors (10).

Biological factors
The most common biological factors include 

genetic predisposition (40% to 70% higher risk if a 
blood-relative has AMD) and a neurotransmitter 
disorder. The same study correlates the parasitic in-
fection toxoplasmosis with mental health disorders; 
it is stated that the causative agent Toxoplasma gon-
dii can disrupt the production of dopamine, which 
is associated with the onset of mania and depres-
sion (10). Also, one study, which was conducted in 
Bosnia and Herzegovina in 2008, pointed to the role 
of endocrinological disorders, specifically to the in-
creased secretion of cortisol as a response to stress-
ful situations (13).

Individual-psychological factors
It is emphasized in the study that was con-

ducted by Di Giacomo et al. (2023) in Switzerland 
that personality and temperament are key factors. 
It is observed that the way people react to life sit-
uations significantly contributes to the develop-
ment of AMD. The disorder occurs more often in 
passive, withdrawn and introverted persons with 
low self-esteem who avoid conflicts (14). Gostiljac 
and associates (2022) also confirm that affective 
temperament types form the basis of personality 
which, in interaction with other factors, can lead to 
the occurrence of disorders (16). 

Environmental factors and contemporary chal-
lenges

Childhood traumas (emotional, physical or sex-
ual abuse) significantly contribute to the develop-
ment of AMD and the high rate of suicide in adult 
age. Stress at work, loss of a loved one or somatic 
diseases are strong stressors, often accompanied by 
comorbidities such as alcoholism and addiction to 
psychoactive substances or drugs (10). 

In Serbia, peer violence is a particularly promi-
nent factor. The study by Stanimirović (2019) shows 
that 65% of children experienced some form of 
abuse, and 50% of victims later experienced AMD, 
most often depression (15). In the workplace, fac-
tors such as burnout and chronic fatigue also impair 
mental health (17).

Finally, the COVID-19 pandemic has worsened 
the statistics globally. Seyed Alinaghi et al. (2021) 



Zdravstvena zaštita 54(4), 2025

60

Specifičnost intervencija iz oblasti 
zdravstvene nege u nezi i lečenju 
pacijenata sa afektivnim poremećajima 
raspoloženja

Prema istraživanju koje su sproveli Papathana-
siou i saradnici (2013) u Grčkoj, u cilju izučavanja 
načela holizma i empatskog pristupa medicinskih 
sestara na odeljenjima psihijatrije, odnos prema pa-
cijentu ne podrazumeva samo učestvovanje u ne-
govanju i lečenju bolesti, već uspostavljanje harmo-
nije svih aspekata zdravlja i njihovog unapređenja. 
Pacijent je aktivan učesnik u zdravstvenoj nezi, koji 
snosi odgovornost za svoje zdravlje. Uloga sestre je 
ključna za sprovođenje edukacije i zdravstveno-vas-
pitnog rada sa ovim pacijentima kroz podsticanje 
individualnih promena i eliminisanje loših navika. 
Takođe, primena Procesа zdravstvene nege omo-
gućava individualizaciju nege, čime se daje znača-
jan doprinos njenom kvalitetu, a medicinska sestra 
kontinuirano motiviše pacijente za obavljanje sva-
kodnevnih aktivnosti (19).

Prema istraživanju koje su sproveli Ventura i sa-
radnici (2020) u Brazilu, u cilju ispitivanja poštovanja 
ljudskih prava i etičkih normi pri pružanju zdravstve-
ne nege na odeljenjima psihijatrije, navodi se neop-
hodnost poštovanja prava pacijenta na dostojan-
stvo i autonomiju. Medicinska sestra u svom radu 
poštuje načelo privatnosti i informisanog pristanka, 
čime se ističe pacijentova sloboda u odlučivanju o 
terapijskim i dijagnostičkim procedurama (20).

U istraživanju koje su sproveli Happell i saradni-
ci (2013) u Engleskoj, sa ciljem da se sagledaju ulo-
ge medicinske sestre na psihijatrijskom odeljenju 
i terapijska komunikacija sa pacijentima, ističu se 
učestale aktivnosti medicinskih sestara u komunika-
ciji sa pacijentom od momenta prijema na odelje-
nje, tokom hospitalizacije i po otpustu (21). Ključne 
komponente terapijske komunikacije kod pacijena-
ta sa poremećajima mentalnog zdravlja su sticanje 
međusobnog poverenja, prihvatanje pacijenta i nje-
govih problema, poštovanje i razumevanje.

Uspešnost terapijske komunikacije umnogome 
zavisi od znanja i komunikacionih veština medicin-
ske sestre, ali i od kolaboracije sa pacijentom i nje-
gove angažovanosti u procesu lečenja. Zdravstvena 
nega pacijenata sa afektivnim poremećajem raspo-
loženja zahteva pristup sa empatskim stavom, od-
nosno razumevanjem njihovih osećanja i potreba. 
Medicinska sestra treba da bude dostupna za raz-
govor u cilju oslobađanja pacijenta od negativnih 
misli, edukovanja o njegovom stanju i pružanja po-
drške (21).

Prema istraživanju koje je sprovela Ferguson 
(2023) u Njujorku, sa aspekta izučavanja bezbedne 
zdravstvene nege na odeljenjima psihijatrije, paci-
jentima je potrebno omogućiti bezbednu hospita-
lizaciju. To obuhvata eliminisanje mogućnosti za 
nastanak opasnosti koje mogu dovesti do samopo-
vređivanja ili povređivanja drugih. Intervencije po-
drazumevaju uklanjanje predmeta kojima pacijent 
može nauditi sebi ili okolini, obezbeđivanje sigurnog 
prostora, kontinuirano i intenzivno praćenje pacije-
nata sa suicidalnim idejama i namerama, kao i stro-
gu kontrolu prilikom aplikacije medikamentozne 
terapije (22).

Prema istraživanju koje su sproveli Cusack i sa-
radnici (2016) u Irskoj, na uzorku od 1249 medicin-
skih sestara, kao najvažnija komunikaciona veština 
na odeljenjima psihijatrije izdvojilo se aktivno sluša-
nje pacijenta, njegovih misli i osećanja. Hospitalizo-
vani pacijenti se uključuju u aktivnosti na odeljenju, 
socijalizuju sa drugima i aktivno učestvuju u progra-
mu zdravstvene nege. Takođe, medicinska sestra 
ostvaruje kontakt sa članovima porodice pacijenta, 
obaveštava ih o njegovom stanju i pruža savete o 
daljem postupanju i podršci nakon hospitalizacije 
(23).

Predlog mera i aktivnosti medicinskih 
sestara

APR ubrajaju se u najčešća psihijatrijska obo-
ljenja i predstavljaju jedan od deset vodećih uzro-
ka smrti u svetu, sa trendom rasta prevalencije kod 
mlađe populacije (1). Poremećaj je često udružen 
sa drugim mentalnim i somatskim oboljenjima koja 
značajno narušavaju kvalitet života, kao i svakod-
nevno funkcionisanje pacijenta u porodičnom, druš-
tvenom i poslovnom okruženju (2-4). Navedene 
činjenice ukazuju na veliki javnozdravstveni značaj 
i kompleksnost problema koji ovi poremećaji pred-
stavljaju na globalnom nivou.

Medicinske sestre, kao ravnopravni članovi psi-
hijatrijskog tima, značajno doprinose svim aspek-
tima nege i lečenja pacijenata. Njihove aktivnosti 
zasnovane su na primeni holističkog pristupa koji 
se implementira kroz vođenje dokumentacije Pro-
cesa zdravstvene nege kao standardne metode u 
sestrinskom radu (8, 19). Pored neposredne nege, 
sestrinske aktivnosti obuhvataju sprovođenje istra-
živanja u ovoj oblasti, podizanje nivoa informisano-
sti pacijenata i šire javnosti, kao i isticanje ključne 
uloge medicinske sestre u destigmatizaciji obolelih 
(20, 23). Kontinuirana promocija mentalnog zdrav-
lja i razvoj interdisciplinarnog pristupa u negovanju 
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stated that isolation, fear of death and excessive 
use of social networks led to an increase in anxiety 
and depression, especially among persons aged 21 
to 40 years, while health workers were at the high-
est risk (18).

The specifics of interventions in the field 
of health care related to the treatment of 
patients with affective mood disorders

According to the study which was conducted 
by Papathanasiou and associates in Greece in 2013, 
whose aim was to study the principles of holism and 
emphatic approach of nurses in psychiatry depart-
ments, the relationship towards patients does not 
imply participating in the care and treatment of the 
disease, but establishing harmony of all aspects of 
health and their improvement. The patient is an ac-
tive participant in health care, who bears responsi-
bility for his own health. The nurse’s role is crucial 
for patient health education and their interventions 
improve patient health education competence by 
encouraging individual changes and eliminating bad 
habits. Also, the application of health care process 
enables the individualization of care, thus contrib-
uting to its quality, while the nurse continuously 
motivates patients to perform daily activities (19).

According to the study that was conducted by 
Ventura and associates in Brazil in 2020, whose aim 
was to examine the respect of human rights and 
ethical norms when providing health care in psychi-
atry departments, the necessity of respecting pa-
tients’ rights to dignity and autonomy was stated. 
The nurse in her work respects the principle of pri-
vacy and informed consent, thus emphasizing the 
patient’s freedom to decide about therapeutic and 
diagnostic procedures (20).

In the study conducted by Happell and asso-
ciates in England in 2013, whose aim was to ana-
lyze the nurse’s roles in the psychiatric department 
and therapeutic communication with patients, the 
frequent nursing activities while communicating 
with the patient from the moment of admission 
to the department, during hospitalization and af-
ter discharge were emphasized (21). The key com-
ponents of therapeutic communication in patients 
with mental health disorders are mutual trust, ac-
ceptance of the patient and his problems, respect 
and understanding. The success of therapeutic 
communication, to a large extent, depends on the 
knowledge and communication skills of the nurse, 
but also on the patient’s collaboration and his in-
volvement in the treatment process. Health care of 

patients with affective mood disorders requires an 
approach with an emphatic attitude, which implies 
understanding their feelings and needs. The nurse 
should be available for conversation in order to free 
the patient from negative thoughts, to educate him 
about his condition and to provide support (21).

According to the study conducted by Ferguson 
in New York in 2023, which included the aspect of 
studying safe health care in psychiatry departments, 
safe hospitalization should be provided to patients. 
This includes eliminating the possibility of hazards 
that could lead to self-injury or hurting others. The 
interventions include removing the objects which 
the patient can use to harm himself or persons in 
his surroundings, providing safe space, monitoring 
continuously and intensively patients with suicidal 
ideas and intentions, as well as strict control during 
the application of drug therapy (22).

According to the study conducted by Cusack et 
al. in Ireland in 2016, on the sample of 1249 nurses, 
active listening to the patient, his thoughts and feel-
ings was the most important communication skill in 
psychiatry departments. Hospitalized patients are 
involved in the activities in the ward, they socialize 
with others and actively participate in the health 
care program. Also, the nurse contacts the patient’s 
family members, she informs them about the pa-
tient’s condition and provides advice on further 
treatment and support after hospitalization (23).

Proposal of measures and  
nursing activities

Affective mood disorder is one of the most 
common psychiatric diseases and one of ten lead-
ing causes of death globally, with an increasing 
trend of prevalence in the younger population (1). 
This disorder is often associated with other mental 
and somatic diseases that significantly impair the 
quality of life, as well as the patient’s daily function-
ing in the family, social and business environment 
(2-4). The above mentioned facts point to the great 
public health importance and complexity of these 
disorders at the global level.

Nurses, as equal members of the psychiatric 
team, contribute significantly to all aspects of pa-
tient care and treatment. Their activities are based 
on the holistic approach that is implemented by 
keeping records of the health care process as a 
standard method in nursing work (8,19). In addi-
tion to immediate care, nursing activities include 
conducting research in this field, raising the level of 
awareness among patients and wider public, as well 
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i tretmanu predstavljaju imperativ za unapređenje 
kvaliteta života pacijenata sa afektivnim poremeća-
jima raspoloženja (21, 22).

Prednosti i nedostaci istraživanja
Ovaj pregledni rad se temelji na relevantnim i 

savremenim izvorima, obuhvatajući period od po-
slednjih deset godina, što osigurava aktuelnost 
podataka. Jasno su definisani faktori rizika kroz bio-
lošku, psihološku i socijalnu sferu, čime se dobija ce-
lovita slika o kompleksnosti APR. Posebna vrednost 
rada ogleda se u povezivanju globalnih statistika sa 
specifičnim istraživanjima sprovedenim u Srbiji i re-
gionu, što rad čini primenljivim u lokalnom kontek-
stu. Takođe, rad detaljno analizira ulogu medicinske 
sestre kroz prizmu holističkog pristupa i procesa 
zdravstvene nege, naglašavajući važnost komunika-
cije i bezbednosti pacijenta.

Kao glavni nedostatak ovog preglednog rada 
može se izdvojiti fokus na teorijski pregled literature 
bez uključivanja sopstvenog primarnog istraživanja 
ili analize studija slučaja iz kliničke prakse. Iako su 
navedeni opšti faktori rizika, u radu nedostaje du-
blja analiza specifičnih farmakoloških intervencija i 
načina na koji sestre upravljaju neželjenim efektima 
savremene terapije. Takođe, veći broj istraživanja 
koja se bave isključivo muškom populacijom do-
prineo bi objektivnijem poređenju polnih razlika u 
oboljevanju.

Zaključak
APR predstavljaju jedan od najznačajnijih iza-

zova za savremene sisteme mentalnog zdravlja, s 
obzirom na visok rizik od suicida i narušavanje kva-
liteta života obolelih. Rezultati ovog preglednog 
rada ukazuju na to da je etiologija ovih poremećaja 
uslovljena kompleksnim međudejstvom genetike, 
individualnih psiholoških karakteristika i faktora sre-
dine, među kojima se posebno izdvajaju stresori na 
radnom mestu, traume i društvene krize poput pan-
demija.

Uloga medicinske sestre u lečenju ovih pacije-
nata je nezamenljiva i prevazilazi okvire puke teh-
ničke pomoći. Kroz primenu Procesa zdravstvene 
nege, sestra obezbeđuje individualizovan pristup, 
dok holistička perspektiva omogućava sagledavanje 
pacijenta kao ljudskog bića sa specifičnim emocio-
nalnim i etičkim potrebama. Terapijska komunika-
cija, aktivno slušanje i empatija ključni su alati za 
izgradnju poverenja i motivaciju pacijenta za opo-
ravak.

Unapređenje nege pacijenata sa afektivnim po-

remećajima zahteva stalnu edukaciju sestrinskog 
kadra, razvoj komunikacionih veština i aktivno uče-
šće u programima destigmatizacije. Standardizaci-
ja sestrinskih intervencija i jačanje bezbednosnih 
protokola u psihijatrijskim ustanovama predstav-
ljaju neophodne korake ka smanjenju komplikacija 
i uspešnijoj reintegraciji pacijenata u društvenu za-
jednicu.
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as emphasizing the crucial role of nurses in destig-
matizing patients (20,23). The continuous promo-
tion of mental health and the development of an 
interdisciplinary approach to care and treatment 
are key to improving the quality of life of patients 
with affective mood disorders (21,22). 

Advantages and disadvantages of the study
This review article is based on relevant and 

contemporary literature sources, encompassing the 
period of the last ten years, which ensures that the 
data are up-to-date. Risk factors are clearly defined 
through biological, psychological and social spheres, 
thus providing a complete picture of the complexity 
of AMD. The special value of this study is reflect-
ed in the fact that it connects global statistics with 
specific studies conducted in Serbia and the region, 
which makes the study applicable in the local con-
text. Also, the study analyzes in detail the role of the 
nurse through the prism of a holistic approach and 
health care process, emphasizing the importance of 
communication and patient safety.

The main shortcoming of this review may be the 
focus on the theoretical review of literature without 
including primary research and case studies from 
clinical practice. Although general risk factors are 
listed, a deeper analysis of specific pharmacological 
interventions and nurses’ management of side ef-
fects of modern therapy lacks. Also, a larger number 
of studies dealing solely with the male population 
would contribute to a more objective comparison 
of gender differences in the incidence of this dis-
ease.

Conclusion
AMD represents one of the most significant 

challenges for modern mental health systems, con-
sidering the high risk of suicide and impairment of 
the patients’ quality of life. The results of this re-
view indicate that the etiology of these disorders 
is conditioned by the complex interaction between 
genetics, individual psychological characteristics 
and environmental factors, among which stressors 
at the workplace, trauma and social crises such as 
pandemics are highlighted.

The nurse’s role in the treatment of these pa-
tients is irreplaceable and goes beyond mere tech-
nical assistance. Through the implementation of the 
health care process, the nurse provides an individu-
alized approach, while a holistic perspective allows 
seeing the patient as a human being with specific 
emotional and ethical needs. The therapeutic com-

munication, active listening and empathy are key 
tools for building trust and motivating the patient 
recovery.

     Improving the care of patients with affec-
tive disorders requires the continuous education of 
nursing staff, development of communication skills, 
and active participation in destigmatization pro-
grams. The standardization of nursing interventions 
and strengthening of safety protocols in psychiatric 
institutions represent necessary steps towards re-
ducing complications and more successful reinte-
gration of patients into the social community.
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SAŽETAK

Hronične rane predstavljaju značajan klinički i javnozdravstveni problem, sa rastućom 
učestalošću kod starije populacije i pacijenata sa dijabetesom i vaskularnim oboljenjima. 
Pravovremeno planiranje rekonstruktivnog lečenja zahteva razumevanje mikrobiološ-
kih procesa i inflamatornih biomarkera koji odražavaju stanje rane. Cilj ovog preglednog 
rada je analizirati savremene pristupe u dijagnostici i planiranju rekonstruktivnog leče-
nja hroničnih rana posebno kroz sagledavanje značaja uloge mikrobiologije i inflama-
tornih biomarkera. U radu prikazan je pregled 18 relevantnih radova objavljenih u peri-
odu 2010–2025. godine, sa fokusom na mikrobiološki profil, inflamatorne biomarkere i 
rekonstruktivne modalitete lečenja.Dominantni mikroorganizmi u hroničnim ranama su 
Staphylococcus aureus, Pseudomonas aeruginosa i Acinetobacter baumannii. Povišeni 
CRP i IL-6 koreliraju sa infekcijom i lošim ishodom graftova, dok normalizacija ovih vred-
nosti označava spremnost rane za rekonstrukciju. Epidemiološki podaci pokazuju porast 
prevalencije hroničnih rana od 8–10% godišnje u Evropi, uz rast rezistencije bakterija. 
Mikrobiološka kontrola i praćenje inflamatornih biomarkera treba da postanu sastavni 
deo algoritma planiranja rekonstruktivnih procedura kod hroničnih rana. Ovakav pristup 
doprinosi boljoj predikciji ishoda, smanjenju komplikacija i racionalizaciji terapije.

Ključne reči: hronične rane, bakterijska flora, rekonstruktivna hirurgija, inflamatorni 
markeri

Uvod
Hronične rane predstavljaju značajan zdrav-

stveni i socio-ekonomski problem širom sveta. One 
uključuju ulkuse stopala kod dijabetesa, dekubi-
tusne ulkuse i rane nakon opekotina, koje ne zace-
ljuju u očekivanom vremenskom okviru i zahtevaju 
multidisciplinarni pristup (1,2). Procene pokazuju 
da 1–2% opšte populacije razvija hroničnu ranu to-
kom života, dok kod starijih od 65 godina, prevalen-

cija može dostići i do 5% (3). Kliničko lečenje hronič-
nih rana postaje sve efikasnije zahvaljujući razvoju 
tehnologija za procenu površine rane, razumevanju 
biofilma i bakterijske kolonizacije, kao i praćenju in-
flamatornih biomarkera (4–9,10–16).

Cilj ovog preglednog rada je analizirati savremene 
pristupe u dijagnostici i planiranju rekonstruktivnog 
lečenja hroničnih rana posebno kroz sagledavanje 
značaja mikrobiologije i inflamatornih biomarkera.
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SUMMERY

Chronic wounds represent a significant clinical and public health burden, with increas-
ing prevalence among elderly and patients with diabetes and vascular diseases. Proper 
planning of reconstructive treatment requires a comprehensive understanding of mi-
crobiological processes and inflammatory biomarkers reflecting wound status. The aim 
of this study was to analyze contemporary approaches to the diagnosis and planning of 
reconstructive treatment of chronic wounds, emphasizing the role of microbiology and 
inflammatory biomarkers. Review of 18 studies published between 2010 and 2025 was 
presented in the paper, focusing on microbial profiles, inflammatory markers, and recon-
structive treatment modalities. The most common microorganisms are Staphylococcus 
aureus, Pseudomonas aeruginosa, and Acinetobacter baumannii. Elevated CRP and IL-6 
levels correlate with infection and poor graft outcomes, while normalization indicates 
readiness for reconstruction. Epidemiological data show an 8–10% annual increase in 
chronic wound prevalence in Europe, alongside rising bacterial resistance. Microbiologi-
cal evaluation and biomarker monitoring should be integral to reconstructive planning 
protocols in chronic wounds. This approach improves outcome prediction, reduces post-
operative complications, and promotes rational therapy use.

Keywords: chronic wounds, microbiology, reconstructive surgery, inflammatory bio-
markers

Introduction
Chronic wounds are a significant global health 

and socio-economic problem. They include diabetic 
foot ulcers, pressure ulcers and post-burn wounds, 
which fail to heal within the expected time frame and 
require a multidisciplinary approach (1,2). Estimates 
suggest that 1-2% of the general population experi-
ence a chronic wound in their lifetime, while in per-
sons over 65 years of age, the prevalence may reach 
up to 5% (3). The clinical treatment of chronic wounds 

is becoming more effective thanks to the develop-
ment of technologies for evaluating surface areas of 
chronic wounds, understanding of biofilm and bacte-
rial colonization, as well as monitoring of inflammato-
ry biomarkers (4-9, 10-16).

The aim of this review article was to analyze con-
temporary approaches to diagnosis and planning of 
reconstructive treatment of chronic wounds, empha-
sizing the significance of microbiology and inflamma-
tory biomarkers.
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Metode
U okviru ovog preglednog rada uključeni su svi 

radovi koji su objavljeni u periodu 2010-2025. go-
dine, a koji su se bavili ispitivanjem značaja bakte-
rijske flore i inflamatornih biomarkera za planira-
nje rekonstruktivnog lečenja hroničnih rana. Ovim 
radom obuhvaćeni su rezultati 18 relevantnih ra-
dova objavljenih na engleskom u navedenom še-
snaestogodišnjem periodu. Pretraživanje radova je 
sprovedeno korišćenjem PUBMED baze podataka, 
a ključne reči koje su korišćene su: hronična rana, 
bakterijska flora, inflamatorni markeri, dijagnostika, 
lečenje, epidemiologija i rekonstruktivna hirurgija.

Epidemiologija hroničnih rana
Hronične rane predstavljaju složen medicinski 

problem čija učestalost raste sa starenjem popula-
cije i povećanom prevalencijom hroničnih bolesti. 
Najčešći tipovi hroničnih rana su dijabetički ulkusi 
koji su pak česti kod pacijenata sa dijabetesom tipa 
1 i 2, a javljaju se uglavnom na stopalima. Istraživa-
nja pokazuju da su dominantni patogeni Staphylo-
coccus aureus i gram-negativne bakterije, koje su 
često multirezistentni (6,8). Zatim dekubitusne rane 
(engl. Pressure ulcers). Ove rane nastaju usled pro-
duženog pritiska na kožu, posebno kod nepokretnih 
i hospitalizovanih pacijenata. Prevalencija u bolnič-
kim ustanovama dekubitusnih rana kreće se od 5 do 
15% pacijenata (3,5). Opekotine i rane nakon trau-
me. Duboke opekotine ili postoperativne rane koje 
ne zarastaju očekivano, zahtevaju poseban hirurški 
pristup i monitoring inflamatornih biomarkera (7). 
Hronične postoperativne rane i infekcije. One su če-
sto povezane sa polimikrobnom kolonizacijom bak-
terija i rizikom od biofilma, što produžava trajanje 
lečenja i povećava stopu komplikacija (4,9).

Faktori koji značajno utiču na razvoj i hronicitet 
su hronične bolesti (dijabetes, vaskularne bolesti, 
imunodeficijencije), stariji uzrast i fiziologija (sma-
njena regenerativna sposobnost kože i dugotrajna 
imobilizacija), infekcije i biofilm (prisustvo zrelog 
biofilma produžava upalu i odlaže zarastanje) i so-
cio-ekonomski faktori (otežan pristup zdravstvenoj 
zaštiti i nedostatak edukacije o samonezi rana (4,5).

Epidemiološki značaj mikrobiologije i 
inflamatornih biomarkera

Mikrobiološki nadzor i praćenje inflamatornih 
biomarkera predstavljaju neophodne alate za pre-
venciju komplikacija i optimizaciju lečenja hroničnih 
rana. Identifikacija bakterijske flore i ispitivanje ose-
ljivosti omogućava selektivnu primenu antibiotika 

i smanjuje rizik od širenja multirezistentnih sojeva 
(6,8). Praćenje inflamatornihbiomarkera (CRP, IL-6, 
TNF-α) pomaže u proceni stepena upale, predviđa-
nju razvoja hroniciteta rane i određivanju optimal-
nog vremena za rekonstruktivne intervencije (7,9). 
Studije pokazuju da kombinovanjemikrobiološke 
analize i praćenje inflamatornih biomarkera može 
doprineti proceni ishoda zarastanja rane, što ima 
direktan uticaj na smanjenje morbiditeta i dužine 
trajanja hospitalizacije (7,9).

Ključni bakterijski patogeni za nastanak 
hronične rane

Biofilm je organizovani mikrobiološki sloj koji se 
formira na površini rane i sastoji se od bakterija ugra-
đenih u sloj polisaharidne komponente ćelije. Ovaj 
sloj štiti mikroorganizme od antibiotika i imunološ-
kog odgovora domaćina (4,5). Wolcott i saradnici 
(4) su pokazali da zrelost biofilma direktno utiče na 
terapijski prozor, odnosnorano uklanjanje biofilma 
(mehaničkim ili oštrim debridmanom) povećava efi-
kasnost antibiotske terapije. Najčešće bakterije koje 
se identifikuju u biofilmu hroničnih rana su: Stap-
hylococcus aureus (uključujući MRSA sojeve), Pseu-
domonas aeruginosa, Proteus mirabilis, Escherichia 
coli i Klebsiella pneumoniae (5–8). Harika i saradnici 
(5), kao i kasniji epidemiološki i sistematski pregledi 
(6–8), ukazuju da infekcije hroničnih rana uzrokova-
ne biofilm-producentima često ne reaguju adekvat-
no na monoterapiju. Na osnovu profila rezistencije, 
u kliničkoj praksi se najčešće primenjuju kombina-
cije antipseudomonasnih β-laktama sa aminogli-
kozidima ili fluorohinolonima kod gram-negativnih 
patogena, dok se kod MRSA infekcija koriste gliko-
peptidi ili linezolid, često u sklopu kombinovanog 
režima kod polimikrobnih rana. Ovakav pristup, uz 
obavezno mehaničko uklanjanje biofilma, povezan 
je sa boljim terapijskim odgovorom. (5–8) 

Chelkeba i Melaku (8) su u sistematskoj revi-
ziji u Etiopiji pokazali da gram-negativne bakterije 
čine više od 60% izolatahroničnih rana, sa visokom 
stopom rezistencije na β-laktamske antibiotike, 
fluorohinolone i aminoglikozide. Ovakvi podaci su 
zabrinjavajući jer direktno utiču na mortalitet i mor-
biditet, posebno u niskoresursnim sredinama gde su 
mogućnosti za mikrobiološko testiranje ograničene. 
Shimekaw i Tigabu (6) su potvrdili sličan obrazac, pri 
čemu je Pseudomonas aeruginosa najčešći uzročnik 
hronične rane kod pacijenata sa dijabetičkim ulku-
sima i dekubitusom, dok je S. aureus dominantan u 
ranama nakon hirurških intervencija.

Liu i saradnici (9) naglašavaju da prisustvo multi-
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Methods
This review article includes the studies pub-

lished between 2010 and 2025, which examined 
the significance of bacterial flora and inflammatory 
biomarkers for planning the reconstructive treat-
ment of chronic wounds. This study encompasses 
the results of 18 relevant articles published in Eng-
lish in the aforementioned sixteen-year period. The 
literature search was conducted using the PubMed 
database, while the following key words were used: 
chronic wound, bacterial flora, inflammatory bio-
markers, diagnosis, treatment, epidemiology, and 
reconstructive surgery.

Epidemiology of chronic wounds
Chronic wounds are a complex health problem, 

whose incidence increases with the aging of the pop-
ulation and the increased prevalence of chronic dis-
eases. The most common types of chronic wounds 
are diabetic ulcers, which are common in patients 
with type 1 and 2 diabetes, and occur mainly on 
feet. Research has shown that the dominant path-
ogens are Staphylococcus aureus and gram-negative 
bacteria which are often multidrug-resistant (6,8).

Pressure ulcers. These wounds occur due to the 
prolonged pressure on the skin, especially in immo-
bile and hospitalized patients. The prevalence of 
pressure ulcers in hospitals ranges from 5 to 15% of 
patients (3,5).

Burns and wounds after trauma. Deep burns or 
postoperative wounds that fail to heal as expected 
require a special surgical approach and monitoring 
of inflammatory biomarkers (7).

Chronic postoperative wounds and infections. 
They are often associated with polymicrobial colo-
nization and the risk of biofilm, which prolongs the 
duration of treatment and increases the rate of com-
plications (4,9).

Factors that significantly affect the development 
and chronicity are chronic diseases (diabetes, vas-
cular diseases, immunodeficiencies), older age and 
physiology (reduced regenerative capacity of the 
skin and long-lasting immobilization), infections and 
biofilm (the presence of a mature biofilm prolongs 
inflammation and delays healing) and socio-eco-
nomic factors (difficult access to health care and lack 
of education on self-care) (4,5).

Epidemiological significance of microbiolo-
gy and inflammatory biomarkers

Microbiological surveillance and monitoring of 
inflammatory biomarkers are necessary tools for 
the prevention of complications and optimization 
of chronic wound treatment. The identification 
of bacterial flora and susceptibility testing enable 
the selective application of antibiotics and reduce 

the risk of the spread of multidrug-resistant strains 
(6,8). Monitoring inflammatory biomarkers (CRP, 
IL-6, TNF-α) helps in assessing the degree of in-
flammation, predicting the development of wound 
chronicity and determining the optimal time for re-
constructive interventions (7,9). Studies have shown 
that combining microbiological analysis and moni-
toring of inflammatory biomarkers can contribute to 
the assessment of wound healing outcomes, which 
directly affects the reduction in morbidity and the 
length of hospitalization (7,9).

Key bacterial pathogens for the occurrence 
of chronic wounds

A biofilm is an organized microbiological layer 
that is formed on the surface of the wound and it 
consists of bacteria embedded in the layer of the 
polysaccharide component of the cell. This layer 
protects microorganisms from antibiotics and the 
host’s immune response (4,5). Wolcott et al. (4) 
showed that the biofilm maturity directly affects the 
efficiency of the therapeutic window, that is, early 
removal of the biofilm (by mechanical or sharp de-
bridement) increases the effectiveness of antibiot-
ic therapy. The most common bacteria identified 
in the biofilm of chronic wounds are: Staphylococ-
cus aureus (including MRSA strains), Pseudomonas 
aeruginosa, Proteus mirabilis, Escherichia coli and 
Klebsiella pneumoniae (5–8). Harika et al. (5), as 
well as subsequent epidemiological and systematic 
reviews (6-8) indicate that biofilm-related infections 
of chronic wounds often do not respond adequately 
to monotherapy. Based on the resistance profile, in 
clinical practice combinations of anti-pseudomonal 
ß-lactams with aminoglycosides and fluoroquinolo-
nes are most frequently used for gram-negative 
pathogens, while in MRSA infections, glycopeptides 
or linezolid are used often as part of a combined reg-
imen for polymicrobial wounds. This approach, with 
mandatory mechanical removal of the biofilm, is as-
sociated with a better therapeutic approach (5-8).

Chelkeba and Melaku (8) in their systematic re-
view in Ethiopia showed that gram-negative bacte-
ria account for more than 60% of isolates of chronic 
wounds, with a high rate of resistance to ß-lactam 
antibiotics, fluoroquinolones and aminoglycosides. 
Such data are worrying because they directly af-
fect mortality and morbidity, especially in low-re-
source settings where opportunities for microbi-
ological testing are limited. Shimekaw and Tigabu 
(6) confirmed a similar pattern, while Pseudomonas 
aeruginosa was the most common causative agent 
of chronic wounds in patients with diabetic ulcers 
and pressure ulcers, and S. aureus was dominant in 
wounds after surgical interventions.

Liu and associates (9) emphasize that the pres-
ence of multidrug-resistant bacteria in chronic 
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rezistentnih bakterija u hroničnim ranama pojačava 
lokalnu i sistemsku inflamatornu reakciju, aktivirajući 
mrežu citokina koja vodi u perzistentnu upalu i inhibi-
ciju regeneracije tkiva. Ovaj “začarani krug” infekcije 
i inflamacije često je razlog neuspeha konzervativne 
terapije i potrebe za rekonstruktivnim zahvatima.

Inflamatornibiomarkeri
Inflamatorni biomarkeri su biološki pokazatelji 

koji odražavaju stepen upalnog odgovora organiz-
ma i mogu pomoći u proceni težine infekcije i efika-
snosti terapije. Njihova klinička primena u lečenju 
hroničnih rana postaje sve važnija jer omogućava 
objektivno praćenje stanja rane, pored klasičnih mi-
krobioloških analiza (7,9). Ključni biomarkeri uhro-
ničnim ranama su:C-reaktivni protein (CRP), interle-
ukini, tumorski nekrozni faktor alfa (TNF- α)itd.

CRP je najčešće korišćen biomarker u kliničkoj 
praksi. Povećane vrednosti CRP-a ukazuju na sistem-
sku upalu i često koreliraju sa bakterijskom infekci-
jom. Kod postojanja hronične rane, CRP se koristi za 
praćenje odgovora na terapiju i odluku o trenutku 
za rekonstruktivni zahvat.

Interleukin-6 (IL-6) je proinflamatorni citokin 

koji ima direktnu ulogu u aktivaciji neutrofila i sti-
mulaciji akutne faze inflamacije. Liang i saradni-
ci (7) su pokazali da je koncentracija IL-6 značajno 
povećana kod pacijenata sa dubokim opekotinama 
ekstremiteta i da njeno smanjenje tokom terapi-
je korelira sa boljim ishodom zarastanja. TNF-α je 
važan indikator aktivne upale i prediktor nastanka 
hronične rane. Povećane vrednosti TNF-α povezane 
su sa usporenim epitelizacijama i češćom potrebom 
za hirurškim rekonstrukcijama. Interleukin-8 (IL-8) 
je marker hronične inflamacije, posebno kod rana 
sa perzistentnim biofilmom i multirezistentnim bak-
terijama (9).

Integracija biomarkera inflamacije sa mikrobi-
ološkim podacima omogućava personalizovani pri-
stup lečenju. U praksi, povećane vrednosti CRP-a 
i IL-6 signaliziraju da rana još nije spremna za re-
konstruktivnu intervenciju. Stabilizacija biomarke-
ra i smanjenje inflamatorne aktivnosti smatraju se 
ključnim preduslovom za uspeh transplantacije tki-
va, grafta ili flapa (7,9).

Integracija mikrobioloških nalaza, inflamatornih 
biomarkera i rekonstruktivnih strategija za različite 
tipove hroničnih rana prikazana je u Tabeli 1.“

Tabela 1. Patogeni, biomarkeri i hirurški pristup po vrstama hroničnih rana

Vrsta hronične 
rane

Dominantni 
mikroorganizmi

Inflamatorni 
biomarkeri 
(serumski i 

lokalni)

Hirurški pristup / 
rekonstruktivne mere

Klinički 
kriterijumi za 
rekonstrukciju

Reference

Dijabetični ulkus Staphylococcus aureus, 
Pseudomonas aeruginosa; 
česta multirezistencija i 
biofilm formacija

CRP, IL-6, TNF-α 
— značajno 
povišeni kod 
infekcija i nekroze

Serijski debridman, VAC 
terapija, split-thickness 
skin graft (STSG) nakon 
mikrobiološke kontrole

CRP <10 mg/L, 
sterilna kultura, 
IL-6 u padu

[5], [8], 
[9], [18]

Venski ulkus 
potkolenice

Enterococcus spp., E. coli, 
ponekad Proteus mirabilis 
u sekundarnoj infekciji

CRP, IL-6 — 
umereno 
povišeni, 
korelacija sa 
površinom rane

Lokalni debridman 
i kožni graft, 
rekonstrukcija nakon 
eradikacije bakterijske 
kolonizacije

Smanjenje CRP 
i IL-6 ≥ 30% pre 
grafta

[6], [8], 
[11]

Arterijski 
(ishemijski) 
ulkus

Klebsiella pneumoniae, 
P. aeruginosa — 
visoka otpornost 
na cefalosporine i 
fluorohinolone

CRP, TNF-α, IL-8 
— visoki nivoi kod 
nekroze i infekcije

Rekonstruktivni flap 
(lokalni ili slobodni) 
nakon revaskularizacije i 
antibiotske terapije

CRP <15 mg/L, 
negativna 
kultura

[7], [8], [9]

Dekubitalne 
(pritisne) rane

Proteus mirabilis, 
Enterobacter spp., 
Pseudomonas spp., S. 
aureus

IL-6, TNF-α — 
povišeni kod 
dubokih infekcija

Rotacioni mišićni flap ili 
fasciokutani flap nakon 
potpunog uklanjanja 
nekroze

Stabilizovani 
inflamatorni 
markeri i 
sterilna rana

[6], [7], [9]

Posttraumatske 
hronične rane

Polimikrobne infekcije 
(mešovita flora 
uključujući Enterobacter, 
Acinetobacter, S. aureus)

CRP, IL-6 — 
povišeni kod 
reinfekcije; pad u 
fazi granulacije

Sekvencijalni debridman 
i mikrovaskularni free 
flap

CRP 
normalizovan, 
IL-6 u padu ≥ 
40%

[5], [9], 
[13], [16]

Hronične rane 
nakon opekotina

Staphylococcus spp., 
Pseudomonas spp., 
Klebsiella spp. — 
dominantni uzročnici 
infekcija

IL-6 i TNF-α 
— korelacija 
sa dubinom 
opekotine i 
ishodom

Višefazna rekonstrukcija 
(autotransplantati i 
lokalni flapovi)

IL-6 <40 pg/mL, 
CRP u trendu 
pada

[7], [9]
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wounds enhances the local and systemic inflamma-
tory reaction, thus activating a cytokine network 
which leads to persistent inflammation and inhibi-
tion of tissue regeneration. This “vicious circle” of 
inflammation and inhibition is often the reason for 
the failure of conservative therapy and the need for 
reconstructive procedures.

Inflammatory biomarkers
Inflammatory biomarkers are biological indi-

cators that reflect the degree of inflammatory re-
sponse of the body and they can help assess the 
severity of the infection and the effectiveness of 
therapy. Their clinical application in the treatment 
of chronic wounds is becoming more and more im-
portant because it enables objective monitoring of 
the condition of the wound, in addition to classical 
microbiological analyses (7,9). Key biomarkers for 
chronic wounds are: C-reactive protein (CRP), inter-
leukins, tumor necrosis factor alpha (TNF-α) etc. 

CRP is the most commonly used biomarker in 
clinical practice. Elevated CRP values indicate systemic 
inflammation and often correlate with bacterial infec-
tion. In chronic wounds, CRP is used to monitor the 
response to therapy and to make a decision on the 
appropriate moment for reconstructive surgery.

Interleukin-6 (IL-6) is a pro-inflammatory cy-

tokine that directly affects the activation of neu-
trophils and stimulation of the acute phase of 
inflammation. Liang et al. (7) showed that the con-
centration of IL-6 was significantly elevated in pa-
tients with deep burns of the extremities and that 
its decrease during therapy correlated with a better 
healing outcome. TNF-α is an important indicator 
of active inflammation and a predictor of chron-
ic wound formation. The elevated values of TNF-α 
are associated with slow epithelialization and more 
frequent need for surgical reconstructions. Interleu-
kin-8 (IL-8) is a marker of chronic inflammation, es-
pecially in wounds with persistent biofilm and multi-
drug-resistant bacteria (9).

The integration of inflammatory biomarkers 
with microbiological data enables a personalized 
treatment approach. In practice, the elevated val-
ues of CRP and IL-6 are markers that signal that the 
wound is not ready for reconstructive surgery. The 
stabilization of biomarkers and reduction of inflam-
matory activity are considered to be the key prereq-
uisite for the success of tissue transplantation, graft 
or flap (7,9). 

The integration of microbiological findings, in-
flammatory biomarkers and reconstructive strate-
gies for different types of chronic wounds is shown 
in Table 1.

Table 1. Pathogens, biomarkers and surgical approach according to types of chronic wounds

Type of chronic 
wound

Dominant microorgan-
isms

Inflammatory 
biomarkers (se-
rum and local)

Surgical approach / 
reconstructive measures

Clinical criteria 
for reconstruc-

tion
Reference

Diabetic ulcus Staphylococcus aureus, 
Pseudomonas aerugino-
sa; frequent multidrug 
resistance and biofilm 
formation

CRP, IL-6, TNF-α 
— significantly 
elevated in infec-
tions and necrosis

Serial debridement, VAC 
therapy, split-thickness 
skin graft (STSG) after 
microbiological control

CRP <10 mg/L, 
sterile culture, 
IL-6 decreasing

[5], [8], 
[9], [18]

Venous leg ulcer Enterococcus spp., E. coli, 
sometimes Proteus mira-
bilis in secondary infection

CRP, IL-6 — mod-
erately elevated, 
correlation with 
wound surface 
area

Local debridement and 
skin graft, reconstruc-
tion after eradication of 
bacterial colonization

Decrease in CRP 
and IL-6 ≥ 30% 
before graft

[6], [8], 
[11]

Arterial (isch-
emic) ulcus

Klebsiella pneumoniae, P. 
aeruginosa — high resis-
tance to cephalosporins 
and fluoroquinolones

CRP, TNF-α, IL-8 
— high levels 
in necrosis and 
infection

Reconstructive flap (local 
or free) after revascu-
larization and antibiotic 
therapy

CRP <15 mg/L, 
negative culture

[7], [8], [9]

Pressure 
wounds

Proteus mirabilis, Entero-
bacter spp., Pseudomonas 
spp., S. aureus

IL-6, TNF-α — 
elevated in deep 
infections

Rotation muscle flap or 
fasciocutaneous flap 
after complete removal 
of necrosis

Stabilized 
inflammatory 
markers and 
sterile wound

[6], [7], [9]

Posttraumatic 
chronic wounds

Polymicrobial infections 
(mixed flora including En-
terobacter, Acinetobacter, 
S. aureus)

CRP, IL-6 — ele-
vated in reinfec-
tion; decrease in 
granulation phase

Sequential debridement 
and microvascular free 
flap

CRP normalized, 
IL-6 decreasing 
≥ 40%

[5], [9], 
[13], [16]

Chronic wounds 
after burns

Staphylococcus spp., Pseu-
domonas spp., Klebsiella 
spp. — dominant causes 
of infections

IL-6 and TNF-α — 
correlation with 
the depth of the 
burn and out-
come

Multistage reconstruc-
tion (autotransplanta-
tion and local flaps)

IL-6 <40 pg/mL, 
a CRP decrease 
trend

[7], [9]
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Dinamika inflamacije i ishod lečenja
Liu i saradnici (9) ističu da kontinuirana inflama-

cija izazvana multirezistentnim bakterijama dovodi 
do tzv. “zapaljenskog zarobljavanja rane” — stanja u 
kojem je proces zarastanja blokiran. U takvim sluča-
jevima, cilj terapijeje da prekine upalne spirale kroz:

mehaničko uklanjanje biofilma, precizno ciljanu 
antibiotsku terapiju, imunomodulatorne tretmane i 
praćenje biomarkera u realnom vremenu.

Uporna bakterijska infekcija aktivira transkrip-
cijske faktore (NF-κB i STAT3) koji stimulišu produk-
ciju IL-6 i TNF-α, čime se pokreće samoodržavaju-
ća inflamacija (9). Ova interakcija objašnjava zašto 
standardne terapije često ne daju rezultate i zašto 
praćenje biomarkera ima sve veću kliničku vrednost.

Najnovije studije ističu potrebu za integrisanim 
modelima praćenja hroničnih rana koji kombinuju 
mikrobiološku kulturu, analizu biofilma i serumske 
biomarkere. Takav pristup omogućava: objektivnu 
procenu težine rane, pravovremenu odluku o re-
konstruktivnoj intervenciji, smanjenje nepotrebne 
antibiotske upotrebe i kraće vreme hospitalizacije 
(6–9).

U praksi, to znači da mikrobiološki i imunološki 
podaci treba da budu deo standardnog evaluacio-
nog protokola svake hronične rane, jednako kao i 
digitalna merenja površine rane(13–16,18).

Ključni rezultati radova uključenih u ovaj pre-
gled, grupisani prema tematskim celinama i njiho-
vom kliničkom značaju, sumirani su u Tabeli 2.

Tabela 2. Komparativna analiza radova po tematskim celinama

Autori Godina Fokus istraživanja Ključni nalazi Klinički značaj

Bovis et al. 2023 Procena površine rana Vizuelna procena varira 
>25%

Potreba za digitalnim 
merenjem

Yao et al. 2021 Površina rana - pravilo 
palca

Praktičan metod za 
kliničku procenu

Jednostavna klinička 
primena

Wolcott et al. 2010 Biofilm i terapijski prozor Debridman otvara „win-
dow of opportunity“

Bolje vreme za antibiotsku 
terapiju

Harika et al. 2020 Biofilm i rezistencija Biofilm povezan s višom 
rezistencijom

Potreba za agresivnijom 
terapijom

Chelkeba & 
Melaku 2021 Gram-negativne infekcije Visoka prevalencija u 

Africi
Regionalni antibiotik 
protokoli

Liang et al. 2022 Biomarkeri kod opekotina IL-6 i TNF-α kao prognos-
tički faktori Individualizacija terapije

Liu et al. 2025 Multirezistencija u 
hroničnim ranama

Inflammacija + rezistenci-
ja = loš ishod Integrisana dijagnostika

Zaključak
Hronične rane predstavljaju složen klinički 

problem u kojem se mikrobiološki status, inflama-
torni odgovor i pravovremeno planiranje rekon-
struktivnog lečenja međusobno prožimaju i odre-
đuju krajnji ishod terapije. Dominantna prisutnost 
multirezistentnih bakterijskih sojeva i formiranje 
biofilma produžavaju inflamatornu fazu i otežava-
ju epitelizaciju, dok praćenje biomarkera kao što 
su CRP, IL-6 i TNF-α omogućava objektivnu proce-
nu aktivnosti infekcije i spremnosti tkiva za rekon-
strukciju. Uvođenje savremenih digitalnih metoda 
za merenje površine rana i doprinosi standardizaciji 
procene zarastanja i racionalnijem planiranju tera-
pijskih intervencija. Integrisan pristup koji povezuje 
mikrobiološku dijagnostiku, praćenje biomarkera 
i rekonstruktivne tehnike omogućava personalizo-
vano lečenje, smanjenje broja komplikacija, kraće 
trajanje hospitalizacije i bolji funkcionalni ishod. Ta-
kav multidisciplinarni model predstavlja savremeni 

okvir za efikasno zbrinjavanje hroničnih rana i opti-
mizaciju resursa u kliničkoj praksi.
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Dynamics of inflammation and treatment 
outcomes

Liu and associates (9) emphasize that the con-
tinuous inflammation caused by the multidrug-re-
sistant bacteria leads to the so-called “inflammato-
ry wound entrapment” – a condition in which the 
healing process is blocked. In such cases, the goal 
of the therapy is to break the inflammatory spiral 
through: mechanical biofilm removal, precisely tar-
geted antibiotic therapy, immunomodulatory treat-
ments and real-time monitoring of biomarkers.

A persistent bacterial infection activates tran-
scription factors (NF-kB and STAT3) that stimulate 
the production of IL-6 and TNF-α, thus initiating the 
self-perpetuating cycle of inflammation (9). This in-
teraction explains why standard therapies do not 
give results and monitoring biomarkers have rapidly 
increasing clinical significance. 

The latest studies emphasize the need for inte-
grated models of monitoring chronic wounds that 
combine microbiological culture, biofilm analy-
sis and serum biomarkers. This approach enables: 
objective assessment of wound severity, making a 
timely decision on reconstructive intervention, re-
duction of unnecessary use of antibiotics and short-
er hospitalization time (6-9).

In practice, this means that microbiological and 
immunological data should be part of the standard 
evaluation protocol of all chronic wounds, as well 
as digital measurements of the wound surface area 
(13-16,18).  

The key results of studies included in this re-
view, which were grouped according to thematic 
units and their clinical significance, are summarized 
in Table 2.

Table 2. Comparative analysis of studies according to thematic units

Authors Year Research focus Key findings Clinical significance

Bovis et al. 2023 Evaluating wound sur-
face area

Visual assessment varies 
>25%

Need for digital measure-
ment

Yao et al. 2021 Surface area of wounds – 
rule of thumb

Practical method for clinical 
evaluation

Simple clinical implemen-
tation

Wolcott et al. 2010 Biofilm and therapeutic 
window

Debridement opens „win-
dow of opportunity“

Better time for antibiotic 
therapy

Harika et al. 2020 Biofilm and resistance Biofilm associated with high-
er resistance

Need for more aggressive 
therapy

Chelkeba & 
Melaku

2021 Gram-negative infec-
tions

High prevalence in Africa Regional antibiotic proto-
cols

Liang et al. 2022 Biomarkers in burns IL-6 and TNF-α as prognostic 
factors

Individualization of therapy

Liu et al. 2025 Multidrug resistance in 
chronic wounds

Inflammation + resistance = 
poor outcome

Integrated diagnostics

Conclusion
Chronic wounds are a complex clinical problem, 

in which the microbiological status, inflammato-
ry response and timely planning of reconstructive 
treatment are correlated and determine the final 
treatment outcome. The dominant presence of 
multidrug-resistant bacterial strains and biofilm 
formation prolong the inflammatory phase and 
make the epithelialization difficult, while the mon-
itoring of biomarkers, such as CRP, IL-6 and TNF-α 
enables the objective assessment of infection ac-
tivity and the tissue readiness for reconstruction. 
The introduction of modern digital methods for the 
measurement of surface areas of chronic wounds 
contributes to the standardization of the evalua-
tion of healing and more rational planning of ther-

apeutic interventions. An integrated approach that 
connects microbiological diagnostics, monitoring of 
biomarkers and reconstructive techniques enables 
the personalized treatment, reduction in the num-
ber of complications, shorter hospitalization and 
better functional outcome. Such a multidisciplinary 
model represents a modern framework for the effi-
cient management of chronic wounds and optimi-
zation of resources in clinical practice. 
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SAŽETAK

Teška trauma pokreće složen i dinamičan odgovor organizma koji obuhvata istovremene endokrine, imu-
nološke i metaboličke promene, sa direktnim uticajem na klinički tok i ishod lečenja. Aktivacija hipotala-
mo–hipofizno–adrenalne ose, promene u lučenju kateholamina, poremećaji tireoidne funkcije i disbalans 
inflamatornog odgovora predstavljaju ključne komponente sistemskog odgovora na traumatski stres. Cilj 
ovog preglednog rada bio je da se, na osnovu savremene literature, sistematizuju endokrini i imunološki 
biomarkeri koji imaju prognostički značaj kod pacijenata sa teškom traumom, kao i da se sagledaju njihove 
kliničke implikacije u intenzivnoj medicini. Pregledom relevantnih radova objavljenih u periodu od 2014. 
do 2025. godine analizirane su promene koncentracija kortizola i kateholamina, sindrom insuficijencije 
kortikosteroida povezan sa kritičnom bolešću (CIRCI), ne-tiroidni sindrom bolesti (NTIS), kao i inflamatorni 
biomarkeri poput interleukina-6 i C-reaktivnog proteina. Posebna pažnja posvećena je njihovoj ulozi u pre-
dikciji mortaliteta, razvoja multiple organske disfunkcije, respiratornog pogoršanja i septičkih komplikacija. 
Dostupni podaci ukazuju da rani poremećaji endokrinih osa, naročito abnormalni obrasci kortizolne i tire-
oidne reakcije, imaju značajnu prognostičku vrednost, dok inflamatorni i transkriptomski biomarkeri omo-
gućavaju precizniju stratifikaciju rizika u ranim fazama kritične bolesti. Integracija endokrinih, imunoloških 
i metaboličkih biomarkera sa kliničkim parametrima i demografskim karakteristikama pacijenata predstav-
lja osnovu savremenog, personalizovanog pristupa u lečenju teške traume. Dalja istraživanja treba da budu 
usmerena ka standardizaciji dijagnostičkih kriterijuma, optimalnom vremenu uzorkovanja i evaluaciji tera-
pijskih intervencija, sa ciljem unapređenja ishoda i smanjenja mortaliteta kod kritično obolelih pacijenata.

Ključne reči: trauma, rendokrini biomarkeri, imunološki biomarkeri, prognoza, kritično stanje

Uvod
Trauma je vodeći uzrok smrtnosti kod mladih 

odraslih, a komplikacije kritičnih stanja nakon teš-
ke traume predstavljaju izazov u akutnoj medicini 
(1,2). Teška trauma izaziva složenu kaskadu endokri-
nih, metaboličkih i imunoloških odgovora, koji ima-
ju direktan uticaj na klinički ishod (3-6). Hormonske 
promene uključuju povećanu sekreciju kortizola, 
kateholamina i poremećaje tireoidnog sistema, dok 
imunološki odgovor obuhvata proinflamatorne i an-
tiinflamatorne mehanizme koji moduliraju rizik od 

multiple organske disfunkcije i sepse (7-9).
Razumevanje ovih biomarkera i njihove predik-

tivne vrednosti može unaprediti ranu identifikaciju 
pacijenata sa visokim rizikom od komplikacija, op-
timizovati terapijske strategije i poboljšati ishod pa-
cijenata (3,10,11). Cilj ovog preglednog rada je bio 
da na osnovu dostupne literature sumira trenutna 
saznanja o endokrinim i imunološkim promenama 
kod teške traume, njihovoj prognostičkoj vrednosti i 
kliničkim implikacijama.
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SUMMARY

Severe trauma triggers a complex and dynamic response of the organism that includes simultaneous endo-
crine, immunological and metabolic alterations with a direct impact on the clinical course and treatment 
outcome. Hypothalamic-Pituitary-Adrenal (HPA) axis activation, changes in the secretion of catecholami-
ne, disorders of the thyroid function and imbalance of the inflammatory response are key components 
of the systemic response to traumatic stress. The aim of this review article was to systematize endocrine 
and immunological biomarkers that have prognostic relevance in patients with severe trauma based on 
contemporary literature, as well as to review their clinical implications in intensive care medicine. Rele-
vant papers published in the period 2014 to 2025 were reviewed in order to analyze changes in cortisol 
and catecholamine concentrations, Critical Illness-related Corticosteroid Insufficiency (CIRCI) Syndrome, 
Non-Thyroid Illness Syndrome (NTIS), as well as inflammatory biomarkers such as Interleukin-6 and C-re-
active protein. Special attention was paid to their role in predicting mortality, development of multiple 
organ dysfunction, respiratory deterioration and septic complications. Available data indicate that early 
disorders of endocrine axes, especially abnormal patterns of cortisol and thyroid reactions have a signifi-
cant prognostic values, while inflammatory and transcriptomic biomarkers allow more precise risk strati-
fication in the early stages of critical disease. The integration of endocrine, immunological and metabolic 
biomarkers with clinical parameters and demographic characteristics of patients is the basis of a modern, 
personalized approach in the treatment of severe trauma. Further research should be directed towards 
standardization of diagnostic criteria, optimal sampling time and evaluation of therapeutic interventions, 
with the aim of improving outcomes and reducing mortality in critically ill patients.
Key words: trauma, endocrine biomarkers, immunological biomarkers, prognosis, critical condition  

Introduction
Trauma is the leading cause of mortality in yo-

ung adults, and complications of critical conditions 
after severe trauma are a challenge in acute medi-
cine (1,2). Severe trauma triggers a complex casca-
de of endocrine, metabolic and immune responses, 
which have a direct impact on clinical outcome (3-
6). Hormonal changes include the increased secre-
tion of cortisol, catecholamine, and disorders of the 
thyroid system, while the immune response inclu-

des pro-inflammatory and anti-inflammatory me-
chanisms that modulate the risk of multiple organ 
dysfunction and sepsis (7-9).

Understanding these biomarkers and their pre-
dictive value can improve the early identification 
of patients at high risk of complications, optimize 
therapeutic strategies, and improve patient outco-
mes (3,10,11). The aim of this review article was 
to summarize current knowledge about endocrine 
and immunological changes in severe trauma, their 
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Metode
U okviru ovog preglednog rada pretražene su 

baze podataka kao što su PubMed, Web of Scien-
ce i Scopus, a za pretraživanje korišćene su sledeć  
ključne reči: trauma, critical illness, cortisol, catec-
holamines, thyroid hormones, CIRCI, NTIS, immune 
response, biomarkers, prognosis. Uključeni su ra-
dovi objavljeni između 2014. i 2025. godine, na en-
gleskom jeziku, koji se bave hormonalnim i imuno-
loškim odgovorom na traumu, predikcijom ishoda i 
kliničkim implikacijama. Radovi su kategorisani po 
temama: hormonski odgovor, tireoidni poremećaji, 
CIRCI, imunološki biomarkeri i predikcija ishoda. Pri-
kazani su originalni istraživački radovi, sistematski 
pregledi, meta-analize i narativni pregledi.

Diskusija
Teška trauma izaziva kompleksnu mrežu hor-

monskih i imunoloških promena, koje su usko po-
vezane sa kliničkim ishodom kod pacijenta. Anali-
zom 23 relevantna rada identifikovano je nekoliko 
ključnih oblasti: hormonski stresni odgovor (korti-
zol i kateholamini), poremećaji tireoidnog sistema 
(NTIS), insuficijencija kortikosteroida povezana sa 
kritičnom bolešću (CIRCI), inflamatorni i imunološ-
ki biomarkeri, kao i prediktivni faktori mortaliteta i 
komplikacija.

Kortizol i hormonski stresni odgovor
Kortizol predstavlja jedan od ključnih hormona u 

akutnom endokrinom odgovoru na traumatski stres, 
reflektujući aktivaciju hipotalamo-hipofizno-adre-
nalne (HHA) osovine i intenzitet sistemskog fizio-
loškog opterećenja organizma. Njegova dinamika u 
prvih nekoliko sati do dana nakon povrede pokazala 
se klinički relevantnom u više istraživanja različitih 
populacija traume i hirurških pacijenata. Kwok i sa-
radnici (3) sproveli su prospektivnu evaluaciju kon-
centracija kortizola pri prijemu kod pacijenata sa 
traumom i pokazali da je rani hormonski odgovor 
snažan marker inicijalnog fiziološkog stresa. U njiho-
voj kohorti, pacijenti sa povišenim početnim nivoi-
ma kortizola imali su izraženije poremećaje hemodi-
namske stabilnosti, veću verovatnoću razvoja rane 
posttraumatske insuficijencije organa i duži boravak 
u jedinici intenzivne nege. Njihovi nalazi sugerišu 
da kortizol na prijemu ima ulogu ranog “biološkog 
barometra” težine traume, te može doprineti ranoj 
stratifikaciji rizika.

S druge strane, Goder i saradnici (10) analizirali 
su cirkulatorni kortizol tokom prvog dana hospitali-
zacije kod hirurški kritično obolelih pacijenata. Nji-

hovi rezultati ukazuju da ne samo apsolutni nivoi, 
već i obrazac promena kortizola unutar prvih 24h 
nose prognostičku vrednost – pacijenti sa perzisten-
tno povišenim ili neadekvatno niskim odgovorom 
hormona imali su nepovoljnije ishode, uključujući 
produženu mehaničku ventilaciju, višu učestalost 
komplikacija i lošiju ukupnu prognozu. Ova studija 
naglašava važnost praćenja hormonske reaktivnosti 
u akutnoj fazi, budući da ona odražava efikasnost 
adaptacionih mehanizama i funkcionalni integritet 
HHA-ose kod teško obolelih pacijenata.

Meta-analiza koju su sproveli Engel i saradnici 
(4) dodatno osvetljava ulogu kortizola kao predik-
tora psiholoških posledica traume. Analizirajući 
eksperimentalne modele traume i praćenje psiho-
loških ishoda, autori pokazuju da intenzitet i vreme 
kada nivo kortizola dostigne svoj maksimum mogu 
imati prediktivni značaj za kasniji razvoj simptoma 
posttraumatskog stresnog poremećaja (PTSP). Ipak, 
ova meta-analiza ukazuje na značajnu heterogenost 
usled razlika u dizajnu studija, metodologiji indukci-
je stresa, tipu biološkog materijala (serum, pljuvač-
ka) i različitim referentnim vremenskim tačkama, 
što dovodi do varijabilnosti nalaza među radovima.

Dodatne informacije o tome kako telo luči kor-
tizol dobijamo iz pregleda studija koje su se bavile 
stresom organizma tokom operacija. Prete i sarad-
nici (6), kroz obimnu sistematsku analizu, opisuju 
da hirurška intervencija predstavlja snažan stresor 
koji aktivira predvidivu, ali individualno varijabilnu 
korzizolsku. Njihov pregled ukazuje da obim i tip 
operacije, prethodno zdravstveno stanje pacijenta, 
zapaljenski status i anesteziološke strategije značaj-
no utiču na visinu i tok postoperativnog kortizolskog 
odgovora. Slično tome, narativni pregled Menger 
i saradnika (11) fokusiran na muskuloskeletnu hi-
rurgiju potvrđuje da nivo kortizola pouzdano prati 
intenzitet operativnog stresa i postoperativnog me-
taboličkog opterećenja, pri čemu autori navode da 
individualne razlike u neuroendokrinom odgovoru 
mogu biti od kliničke važnosti za planiranje perio-
perativne brige i identifikaciju pacijenata sa visokim 
rizikom.

Integracijom svih ovih nalaza postaje jasno da 
kortizol predstavlja dinamičan, multifunkcionalan 
marker koji može reflektovati i somatske i psihološ-
ke aspekte traumatskog odgovora. Iako više pregle-
da i meta-analiza (4,6,11) potvrđuju njegov progno-
stički potencijal u predviđanju razvoja PTSP-a, kao 
i perioperativnih i posttraumatskih ishoda, postoje 
metodološka ograničenja koja utiču na konzisten-
tnost rezultata, razlike u vremenu uzorkovanja, ma-



Health Care 54(4), 2025

79

prognostic value and clinical implications based on 
the available literature.

Methods
Within this review article, databases such as 

PubMed, Web of Science and Scopus were searched 
and the following key words were used for the sear-
ch: trauma, critical illness, cortisol, catecholamine, 
thyroid hormones, CIRCI, NTIS, immune response, 
biomarkers, prognosis. Papers published between 
2014 and 2025 in the English language that dealt 
with the hormonal and immunological response to 
trauma, outcome prediction and clinical implicati-
ons were included in the study. Papers were cate-
gorized according to themes: hormonal response, 
thyroid disorders, CIRCI, immunological biomarkers, 
and outcome prediction. Original research papers, 
systematic reviews, meta-analyses and narrative re-
views were presented.

Discussion
Severe trauma causes a complex network of 

hormonal and immunological changes, which are 
closely related to the clinical outcome of the pa-
tient. The analysis of 23 relevant studies indentified 
several key areas: the hormonal stress response 
(cortisol and catecholamine), disorders of the thyro-
id system (NTIS), Critical Illness-related Corticoste-
roid Insufficiency (CIRCI), inflammatory and immu-
nological biomarkers, as well as predictive factors of 
mortality and complications.

Cortisol and the hormonal stress response
Cortisol is one of the key hormones in the acute 

endocrine response to traumatic stress, reflecting 
the hypothalamic-Pituitary-Adrenal (HPA) axis acti-
vation, and the intensity of the systemic physiolo-
gical load. Its dynamics in the first few hours to one 
day after injury have been shown to be clinically re-
levant in multiple studies of different populations of 
patients after trauma and surgical patients. Kwok et 
al. (3) conducted a prospective evaluation of corti-
sol concentrations in trauma patients upon hospital 
entry and demonstrated that the early hormonal 
response is a strong indicator of initial physiological 
stress. In their cohort, patients with elevated base-
line cortisol levels had more pronounced disorders 
of hemodynamic stability, a higher likelihood of de-
veloping early post-traumatic organ failure, and a 
longer stay in the intensive care unit. Their findings 
suggest that admission cortisol has the role of the 
early “biological barometer” of trauma severity, 

and may contribute to early risk stratification.
On the other hand, Goder et al. (10) analyzed 

circulating cortisol during the first day of hospitali-
zation in critically ill surgical patients. Their results 
indicate that that not only the absolute levels, but 
also the pattern of cortisol changes within the first 
24h have a prognostic value – patients with a persi-
stently elevated or inadequately low hormone res-
ponse had less favorable outcomes, including pro-
longed mechanical ventilation, a higher frequency 
of complications and a worse overall prognosis. This 
study emphasizes the importance of monitoring 
hormonal reactivity in the acute phase, as it refle-
cts the efficiency of adaptive mechanisms and the 
functional integrity of the HPA axis in critically ill pa-
tients.

A meta-analysis by Engel et al. (4) further cla-
rifies the role of cortisol as a predictor of the psy-
chological consequences of trauma. By analyzing 
the experimental models of traumas and monito-
ring psychological outcomes, the authors show that 
the intensity and time when cortisol levels reach 
their maximum may have predictive significance 
for later development of post-traumatic stress di-
sorder (PTSD). However, this meta-analysis indica-
tes significant heterogeneity due to differences in 
study design, methodology of stress induction, type 
of biological material (serum, saliva) and different 
reference time points, which leads to variability of 
findings between different studies.

Additional information about how the body se-
cretes cortisol is obtained from a review of studies 
that dealt with the cortisol stress response induced 
by surgery. Prete et al. (6), through an extensive sys-
tematic analysis, describe that surgical intervention 
is a strong stressor that activates predictable, but 
individually variable cortisol response. Their review 
indicates that the extent and type of surgery, the 
patient’s previous medical condition, inflammatory 
status, and anesthetic strategies significantly affect 
the levels and course of the postoperative cortisol 
response. Similarly, a narrative review by Menger 
et al. (11) that focused on musculoskeletal surgery 
confirms that cortisol levels reliably follow the in-
tensity of surgical stress and postoperative meta-
bolic load, while the authors state that individual 
differences in neuroendocrine response may be of 
clinical importance for planning perioperative care 
and identifying high-risk patients.

By integrating all these findings, it becomes cle-
ar that cortisol is a dynamic, multifunctional mar-
ker that can reflect both somatic and psychological 
aspects of the traumatic response. Although seve-
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trici uzorka, definicijama ishoda i karakteristikama 
populacije. Uprkos ovim varijacijama, ukupna lite-
ratura dosledno ukazuje na to da je kortizol jedan 
od najpouzdanijih endokrinih pokazatelja akutnog 
stresa, sa značajnim kliničkim potencijalom u ranoj 
stratifikaciji rizika, praćenju adaptacionog odgovora 
i identifikovanju pacijenata sa povećanom verovat-
noćom nepovoljnih ishoda, kako fizioloških, tako i 
psiholoških.

Sažeti prikaz ključnih endokrinih biomarkera, 
njihove patofiziološke uloge i prognostičkog značaja 
u teškoj traumi prikazan je u Tabeli 1.

Kateholamini i terapijske implikacije
Kateholamini, pre svega adrenalin i noradrena-

lin, predstavljaju ključne medijatore neuroendokri-
ne adaptacije na hemoragijski šok, omogućavajući 
kratkoročno održavanje perfuzije vitalnih organa 
kroz povećanje srčane frekvencije, kontraktilnosti 
miokarda i sistemskog vaskularnog otpora. Me-
đutim, ovaj kompenzatorni odgovor ima izraže-
nu dvostruku fiziološku prirodu: iako je inicijalno 
zaštitni, prekomerno i prolongirano oslobađanje 
kateholamina povezano je sa pogoršanjem tkivne 
oksigenacije, metaboličkom acidozom i proinflama-
tornim odgovorom. Suh i saradnici (12) su pokazali 
da povišene koncentracije kateholamina kod hitno 
operisanih pacijenata snažno koreliraju sa mortali-
tetom, pri čemu povećane vrednosti noradrenalina 
predstavljaju nezavisan prediktor lošeg ishoda. Ovi 
nalazi podvlače činjenicu da kateholaminski odgo-
vor, iako inicijalno adaptivan, postaje marker težine 
patofiziološkog poremećaja i insuficijentne hemodi-
namske stabilizacije.

Uvođenje vazopresora u terapijski algoritam 
hemoragijskog šoka ostaje jedno od najkontrover-
znijih pitanja u urgentnoj medicini i traumatologiji. 
Kako pokazuju Voelckel (13) i Nesek Adam i saradni-
ci (14), upotreba noradrenalina i vazopresina može 
biti klinički korisna u situacijama kada agresivna teč-
na resuscitacija i kontrolisano krvarenje ne dovode 
do održive hemodinamske stabilnosti. Noradrena-
lin, kao primarni alfa-adrenergički agonist, poveća-
va vaskularni tonus i krvni pritisak, dok vazopresin 
deluje preko V1 receptora, obnavljajući vaskularni 
odgovor kod pacijenata sa kateholaminskom re-
fraktornošću, što se često javlja u kasnijim fazama 
šoka. Međutim, oba leka nose rizik od pogoršanja 
mikroperfuzije usled perifernog i splahničnog va-
zospazma, posebno kada se primenjuju u visokim 
dozama ili pre adekvatne kontrole izvora krvarenja. 
Ova dilema – balansiranje koristi u makrocirkulaciji 

i potencijalne štete u mikrocirkulaciji – čini odluku o 
upotrebi vazopresora izrazito kompleksnom i zahte-
vom za individualizovan pristup.

Značajan doprinos razumevanju optimalnog 
tajminga primene noradrenalina dali su Gauss i sa-
radnici (15), koji su analizom velike kohorte ispitani-
ka pomoću propensity-score metodologije ustano-
vili da rana primena noradrenalina kod pacijenata 
sa teškim traumatskim hemoragijskim šokom može 
smanjiti bolnički mortalitet. Ovaj rezultat sugeriše 
da strategija ranog farmakološkog potpomaganja 
perfuzije, ukoliko je pažljivo titrirana i praćena – 
može biti korisna u specifično definisanim kliničkim 
kontekstima, posebno u situacijama kada postoji 
rizik od preopterećenja tečnostima ili kada se hi-
potenzija ne može držati pod kontrolom isključivo 
nadoknadom tečnosti. Ipak, uprkos ovim ohrabru-
jućim rezultatima, konsenzus o preciznim protokoli-
ma, uključujući optimalni trenutak primene, dozira-
nje, ciljane parametre i kriterijume za smanjenje ili 
ukidanje terapije i dalje nedostaje, što zahteva dalja 
klinička istraživanja.

Insuficijencija kortikosteroida povezana 
sa kritičnom bolešću (engl. Critical Illness-
Related Corticosteroid Insufficiency - CIRCI)

CIRCI predstavlja kompleksan i često potcenjen 
endokrini poremećaj koji se javlja kod kritično obole-
lih i traumatizovanih pacijenata. Prema Sobolewska 
i saradnicima (5), CIRCI nastaje usled poremećaja 
funkcionisanja hipotalamo-hipofizno-adrenalne 
(HPA) ose tokom sistemskog stresnog odgovora. U 
uslovima teške infekcije, sepse, politraume, masiv-
nog operativnog stresa ili akutnog respiratornog 
distres sindroma, fiziološki stresni odgovor može 
biti nedovoljan ili neadekvatan, što dovodi do disba-
lansa između potrebe organizma za kortizolom i 
njegove stvarne dostupnosti.

Sobolewska i saradnici (5) ističu da disfunkcija 
može biti posledica više mehanizama: smanjenog lu-
čenja kortikotropin-oslobađajućeg hormona (CRH) i 
adrenokortikotropnog hormona (ACTH), smanjene 
osetljivosti nadbubrežne žlezde, poremećaja u sin-
tezi i metabolizmu kortizola, smanjenih koncentra-
cija transportnih proteina (kortikosteroid-vezajući 
globulin – CBG i albumin) ili smanjene ekspresije i 
funkcionalnosti glukokortikoidnih receptora u peri-
fernim tkivima. Ovaj poremećaj doprinosi razvoju 
tzv. „relativne adrenalne insuficijencije“, gde ukupni 
kortizol može biti normalan ili čak povišen, dok je 
biološki stresni odgovor neadekvatan. Posledično, 
hemodinamska stabilnost je narušena, inflamatorni 
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ral review articles and meta-analyses (4,6,11) have 
confirmed its prognostic potential in predicting the 
development of PTSD, as well as perioperative and 
post-traumatic outcomes, there are methodological 
limitations that affect the consistency of results, di-
fferences in sampling time, sample matrix, definiti-
ons of outcome and characteristics of population. 
Despite these variations, the overall literature con-
sistently indicates that cortisol is one of the most 
reliable endocrine indicators of acute stress, with si-
gnificant clinical potential in early risk stratification, 
monitoring the adaptive response and identifying 
patients with an increased likelihood of adverse 
outcomes, both physiological and psychological. 

The summary of key endocrine biomarkers, 
their pathophysiological role and prognostic signifi-
cance in severe trauma is shown in Table 1.

Catecholamines and therapeutic implica-
tions

Catecholamines, primarily adrenaline and no-
radrenaline, are key mediators of neuroendocrine 
adaptation to hemorrhagic shock, enabling short-
term maintenance of perfusion of vital organs thro-
ugh an increase in heart rate, myocardial contracti-
lity and systemic vascular resistance. However, this 
compensatory response has a pronounced dual 
physiological nature: although initially protective, 
excessive and prolonged release of catecholamines 
is associated with worsening of tissue oxygenation, 
metabolic acidosis, and a proinflammatory respon-
se. Suh et al. (12) showed that elevated catechola-
mine concentrations in emergency surgical patients 
had a strong correlation with mortality, while eleva-
ted noradrenaline values were an independent pre-
dictor of poor outcome. These findings underline 
the fact that the catecholamine response, although 
initially adaptive, becomes a marker of the severity 
of pathophysiological disorder and insufficient he-
modynamic stabilization.

The introduction of vasopressors into the thera-
peutic algorithm of hemorrhagic shock remains one 
of the most controversial issues in emergency me-
dicine and traumatology. According to Voelckel (13) 
and Nesek Adam et al. (14), the use of noradrenaline 
and vasopressin can be clinically useful in situations 
where aggressive fluid resuscitation and controlled 
bleeding do not lead to sustainable hemodynamic 
stability. Noradrenaline, as a primary alpha-adre-
nergic agonist, increases vascular tone and blood 
pressure, while vasopressin acts through V1 recep-
tor, restoring the vascular response in patients with 
catecholamine refractoriness, which often occurs 

in the later stages of shock. However, both drugs 
carry the risk of worsening of microperfusion due 
to peripheral and splanchnic vasospasm, especially 
when they are administered in high doses or before 
the adequate control of the bleeding source. This 
dilemma – balancing the benefits in microcirculati-
on and potential harm in microcirculation – makes 
the decision to use vasopressors extremely complex 
and requires an individualized approach.

A significant contribution to the understan-
ding of optimal timing of administration of nora-
drenaline was made by Gauss and associates (15), 
who analyzed a great cohort of participants using 
the propensity-score methodology and found that 
that the early administration of noradrenaline in 
patients with severe traumatic hemorrhagic shock 
could reduce hospital mortality. This result suggests 
that the strategy of early pharmacologic perfusion 
support, if titrated and monitored carefully, may be 
useful in specifically defined clinical contexts, espe-
cially in situations when there is a risk of fluid over-
load or when hypotension cannot be controlled by 
fluid replacement alone. However, despite these 
encouraging results, consensus on precise proto-
cols, including optimal timing of administration, do-
sing, target parameters, and criteria for reducing or 
withdrawing therapy, is still lacking, which requires 
further clinical research.

Critical Illness-related Corticosteroid 
Insufficiency – CIRCI

CIRCI is a complex and often underestimated 
endocrine disorder that occurs in critically ill and 
traumatized patients. According to Sobolewska and 
associates (5), CIRCI occurs due to the dysfunction 
of the Hypothalamic-Pituitary-Adrenal (HPA) axis 
activation during the systemic stress response. In 
conditions of severe infection, sepsis, polytrauma, 
massive surgical stress or acute respiratory distress 
syndrome, the physiological stress response may be 
insufficient or inadequate, leading to the imbalance 
between the body’s need for cortisol and its actual 
availability.

Sobolewska et al. (5) point out that this dysfun-
ction can be the result of several mechanisms: redu-
ced secretion of corticotrophin-releasing hormone 
(CRH) and adrenocorticotropic hormone (ACTH), re-
duced sensitivity of the adrenal gland, disturbances 
in the synthesis and metabolism of cortisol, reduced 
concentrations of transport proteins (corticostero-
id-binding globulin – CBG and albumin) or the redu-
ced expression and functionality of glucocorticoid 
receptors in peripheral tissues. This disorder contri-
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odgovor je disbalansiran, a organizam gubi moguć-
nost da održi homeostazu.

Klinički značaj CIRCI je izuzetno visok. Sobo-
lewska i saradnici (5) navode da se stanje najčešće 
manifestuje refraktarnom hipotenzijom, lošim od-
govorom na vazopresore, metaboličkim poremeća-
jima (hiponatremija, hipoglikemija) i progresivnom 
organskom disfunkcijom. Uprkos savremenim dija-
gnostičkim pristupima, CIRCI često ostaje neprepo-
znat zbog svoje heterogene kliničke slike i nedostat-
ka standardizovanih dijagnostičkih kriterijuma. Ovi 
pacijenti mogu imati produžen tok lečenja na jedini-
ci intenzivne nege, sporiju stabilizaciju, veću stopu 
komplikacija i povećan mortalitet.

Posebno značajan doprinos daje rad Morabito 
i saradnika (16), koji naglašava da CIRCI nije ogra-
ničen samo na odrasle pacijente. Kod pedijatrijske 
populacije CIRCI predstavlja dodatni dijagnostički i 
terapijski izazov. Morabito i kolege (16) ukazuju na 
to da se kod dece odgovori HPA-ose na stres razliku-
ju u odnosu na odrasle, a referentne vrednosti, re-
aktivnost kortizola i testovi stimulacije još uvek nisu 
jasno definisani. Stoga, CIRCI u pedijatriji može biti 
još teže prepoznat, a posledice kašnjenja u dijagno-
stici mogu biti teže, naročito kod septičkih stanja i 
multiorganske disfunkcije. Kod dece se takođe ističe 
da varijabilnost u nivou kortizola zavisi od uzrasta, 
pubertetskog statusa, prethodne terapije glukokor-
tikoidima i etilogije kritične bolesti.

Oba rada (5,16) naglašavaju da dijagnostički te-
stovi uključujući adrenokortikotropnog hormonskog 
(ACTH) stimulacionog testa, imaju ograničenu pouz-
danost u kritičnim stanjima. Promenjena koncentra-
cija transportnih proteina, varijabilan metabolizam 
kortizola i fluktuacije stresnog odgovora dovode do 
poteškoća u tumačenju ukupnog kortizola. Sobo-
lewska i saradnici (5) ukazuju na to da se sve više 
govori o važnosti slobodnog kortizola (engl. free 
cortisol) i alternativnih biomarkera, ali da još uvek 
nema jedinstvene preporuke koja bi precizno defi-
nisala kriterijume CIRCI. U pedijatriji je ovaj problem 
dodatno izražen zbog nedostatka validiranih prago-
va i odsustva široko prihvaćenih smernica (16).

Terapijski, CIRCI predstavlja oblast kontinui-
ranih kontroverzi. Hidrokortizon u niskim dozama 
predstavlja najčešće korišćenu terapijsku opciju, 
posebno kod pacijenata sa septičkim šokom refrak-
tarnim na vazopresore. Sobolewska i saradnici (5) 
ističu da primena glukokortikoida može poboljšati 
hemodinamsku stabilnost, skratiti trajanje šoka i 
smanjiti potrebu za vazopresorskom podrškom, ali 
da nema jedinstvenog dokaza da terapija smanjuje 

ukupni mortalitet. U pedijatriji, Morabito i saradnici 
(16) posebno naglašavaju potrebu oprezne, indivi-
dualizovane primene terapije, budući da dugoročni 
efekti steroidne terapije na HPA osu dece nisu do-
voljnom istraženi i da postoji značajan rizik od su-
presije endogenog lučenja hormona.

Zajednički zaključak oba rada (5,16) jeste da 
CIRCI predstavlja složen, multifaktorski poremećaj 
koji ima veliki uticaj na ishod kritičnih stanja, ali da 
dijagnostički i terapijski pristupi ostaju nedovoljno 
standardizovani. Prepoznavanje ovog entiteta, pra-
vovremena klinička procena i adekvatna terapijska 
intervencija od ključne su važnosti, budući da pravil-
no upravljanje CIRCI može poboljšati hemodinam-
sku stabilnost, smanjiti komplikacije i doprineti bo-
ljem preživljavanju kod kritično obolelih pacijenata.

Tireoidne promene i ne-tiroidni sindrom 
bolesti

Ne-tireoidni sindrom bolesti (NTIS) predstavlja 
specifičan endokrini odgovor na akutnu kritičnu bo-
lest, traumu ili sistemsku inflamaciju i obuhvata niz 
biokemijskih poremećaja u osi hipotalamus–hipofi-
za–štitasta žlezda, najčešće izraženih kroz spuštene 
nivoe trijodtironina (T3), povišene vrednosti rever-
znog T3 (rT3) i relativno normalne ili smanjene kon-
centracije tiroksina (T4), uz odsustvo primarnog po-
remećaja štitaste žlezde. Prevalencija NTIS-a među 
kritično bolesnima izuzetno je visoka, a prema sa-
vremenim sistematskim pregledima i meta-anali-
zama (17-19) sindrom nosi jasne prognostičke im-
plikacije, potvrđujući svoju ulogu markera težine 
bolesti i potencijalnog modulatora patofiziološkog 
toka kritičnih stanja.

Meta-analiza Vidarta i saradnika (17) ističe da 
su sniženi T3 i poremećaji konverzije T4 u T3 snažno 
povezani sa mortalitetom, produženim boravkom u 
intenzivnoj nezi i većim rizikom od razvoja multior-
ganske disfunkcije. Ovaj rad obuhvatio je veliki broj 
heterogenih kohorti odraslih kritično bolesnih paci-
jenata i zaključio da NTIS nije samo epifenomen teš-
ke bolesti, već da predstavlja robustan i nezavisan 
prediktor lošeg ishoda. Rezultati upućuju na to da 
je intenzitet hormonske disfunkcije proporcionalan 
težini kliničkog stanja i stepenu sistemskog inflama-
tornog odgovora.

Studija Elmas i Kizilarslanoglua (18) dodatno 
proširuje klinički značaj NTIS-a, demonstrirajući da 
pacijenti sa ovim sindromom imaju značajno veći 
rizik od neuspeha neuspjeha neinvazivne ventilaci-
je (NIV), što implicira da hormonalni status utiče na 
respiratornu rezervu, odgovor na terapijski pritisak 
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butes to the development of the so-called “relative 
adrenal insufficiency”, where total cortisol may be 
normal or even elevated, while the biological stress 
response is inadequate. Consequently, hemodyna-
mic stability is impaired, the inflammatory response 
is imbalanced, while the organism loses the ability 
to maintain homeostasis.

The clinical significance of CIRCI is extremely 
high. Sobolewska et al. (5) claim that the condition 
is most often manifested by refractory hypotension, 
poor response to vasopressors, metabolic disorders 
(hyponatremia, hypoglycemia) and progressive or-
gan dysfunction. Despite modern diagnostic appro-
aches, CIRCI often remains unrecognized due to its 
heterogeneous clinical picture and lack of standar-
dized diagnostic criteria. These patients may have a 
prolonged course of treatment in the intensive care 
unit, slower stabilization, higher rate of complicati-
ons and increased mortality.

A particularly significant contribution is made 
by the work of Morabito et al. (16), who emphasi-
ze that CIRCI is not limited only to adult patients. 
In the pediatric population, CIRCI is an additional 
diagnostic and therapeutic challenge. Morabito and 
associates (16) indicate that responses of HPA axis 
to stress are different in children in comparison to 
adults, while reference values, cortisol reactivity 
and stimulation tests are still not clearly defined. 
Therefore, CIRCI in pediatrics can be even more 
difficult to recognize in conditions of sepsis and 
multiple organ dysfunction. In children, it has also 
been noted that the variability in the cortisol level 
depends on age, pubertal status, previous glucocor-
ticoid therapy and the etiology of the critical illness. 

Both studies (5,16) emphasize that diagnostic 
tests including the adrenocorticotropic hormone 
(ACTH) stimulation test have the limited reliability 
in critical conditions. The altered concentration of 
transport proteins, variable cortisol metabolism, 
and fluctuations in the stress response lead to di-
fficulties in interpreting total cortisol. Sobolewska 
et al. (5) point out the growing importance of free 
cortisol and alternative biomarkers, but that there 
is still no single recommendation that would preci-
sely define the CIRCI criteria. In pediatrics, this pro-
blem is further expressed due to the lack of valida-
ted thresholds and the absence of widely accepted 
guidelines (16).

Therapeutically, CIRCI represents a field of con-
tinuing controversy. Low-dose hydrocortisone is the 
most commonly used therapeutic option, especially 
in patients with refractory septic shock. Sobolewska 
et al. (5) point out that the administration of gluco-

corticosteroids can improve the hemodynamic sta-
bility, shorten the duration of shock and reduce the 
need for vasopressor support, but that there is no 
unique evidence that the therapy reduces overall 
mortality. In pediatrics, Morabito et al. (16) particu-
larly emphasize the need for careful, individualized 
administration of therapy, since the long-term effe-
cts of steroid therapy on the HPA axis of children 
have not been sufficiently examined and there is a 
significant risk of suppression of endogenous hor-
mone secretion.

The common conclusion of both studies (5,16) 
is that CIRCI represents  a complex, multifactorial 
problem that has a great impact on the outcome of 
critical conditions, but that diagnostic and therape-
utic approaches remain insufficiently standardized. 
The recognition of this entity, timely clinical evalu-
ation and adequate therapeutic intervention are of 
great importance because the proper management 
of CIRCI can improve hemodynamic stability, redu-
ce complications and contribute to better survival in 
critically ill patients.

Thyroidal alterations and Non-Thyroidal 
Illness Syndrome

Non-Thyroidal Illness Syndrome (NTIS) is a spe-
cific endocrine response to an acute critical illness, 
trauma, or systemic inflammation and it includes a 
series of biochemical disorders in the Hypothala-
mic-Pituitary-Thyroid (HPT) Axis, most frequently 
expressed through lowered levels of triiodothyro-
nine (T3), elevated levels of reverse T3 (rT3) and 
relatively normal or reduced concentrations of 
thyroxine (T4), with the absence of a primary thyro-
id disorder. The prevalence of NTIS among the criti-
cally ill is extremely high, and according to modern 
systematic reviews and meta-analyses (17-19), the 
syndrome has clear prognostic implications, confir-
ming its role as a marker of disease severity and a 
potential modulator of the pathophysiological cour-
se of critical conditions.

It has been stated in the meta-analysis by Vi-
dart et al. (17) that low T3 and T4-to-T3 conversi-
on disorders are strongly associated with mortality, 
prolonged intensive care stay, and a higher risk of 
developing multiple organ dysfunction. This study 
included a large number of heterogeneous cohorts 
of adult critically ill patients and it was concluded 
that NTIS is not just an epiphenomenon of severe 
disease, but that it is a robust and independent pre-
dictor of poor outcome. The findings suggest that 
the intensity of hormonal dysfunction is proportio-
nal to the severity of clinical condition and degree 
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i celokupnu ventilatornu dinamiku. Autori su poka-
zali da su niske vrednosti T3 i poremećaji tiroksinske 
homeostaze povezani s ranijim prelaskom na inva-
zivnu ventilaciju i povećavaju smrtnost, čime NTIS 
dobija ulogu prediktivnog biomarkera za stratifikaci-
ju rizika kod respiratorno ugroženih bolesnika.

Širi patofiziološki okvir sindroma dodatno je 
razmatran u preglednom radu Sciacchitana i sarad-
nika (9), koji su analizirali više meta-analiza i siste-
matskih pregleda kako bi procenili da li intervencije 
– uključujući hormonsku nadoknadu – mogu uticati 
na ishod NTIS-a. Autori zaključuju da, uprkos dobro 
dokumentovanom prognostičkom značaju NTIS-a, 
dokazi o terapijskoj koristi supstitucije T3 ili T4 osta-
ju nedovoljni i kontroverzni. Iako postoji teorijska ra-
cionalnost da hormonska korekcija može poboljšati 
metaboličku efikasnost i mitohondrijsku funkciju, ni 
jedna dosadašnja velika studija nije pružila dovoljno 
jakih dokaza da NTIS treba rutinski tretirati. Ovo do-
datno potvrđuje shvatanje NTIS-a kao kompleksnog 
adaptivnog odgovora koji može biti koristan u ranoj 
fazi bolesti, ali maladaptivan u kasnijim stadijumima 
teškog kritičnog stanja.

U kontekstu imunoloških mehanizama, Wu i sa-
radnici (20) pokazuju da NTIS utiče na imunofenotip 
i imunološku reaktivnost kod pacijenata sa teškim 
virusnim febrilnim sindromom praćenim tromboci-
topenijom. Posebno je istaknuto smanjenje T3 po-
vezano sa modulacijom citokinske mreže, uključuju-
ći povećanu produkciju proinflamatornih citokina i 
izraženu limfocitnu disfunkciju. Ovaj rad sugeriše da 
NTIS ne predstavlja samo metabolički marker, već i 
da je aktivni aktivni učesnik u dinamici inflamacije, 
imunometabolizma i virusne patogeneze. Time se 
dodatno potvrđuje da su endokrini i imuni sistemi 
međusobno funkcionalno integrisani i da promene 
u hormonskim osama utiču na progresiju bolesti.

Specifičan doprinos fenotipu NTIS-a u traumat-
skim stanjima pruža studija Hifumija i saradnika 
(21), koja analizira promene tiroidnih hormona kod 
pacijenata sa teškom traumom koji zahtevaju ma-
sivnu transfuziju. Rezultati ukazuju da je kod ove po-
pulacije prisutna izražena supresija T3 i T4 zajedno 
sa povišenjem rT3, što korelira sa obimom tkivnog 
oštećenja, intenzitetom hemodinamske nestabilno-
sti i potrebom za agresivnim resuscitacionim me-
rama. Autori zaključuju da se hormonske promene 
javljaju rano u toku trauma-šoka i predstavljaju vali-
dan indikator težine biološkog stresa i rizika od mul-
tiplih komplikacija.

Prema literaturi (17-21) NTIS predstavlja mul-
tidimenzionalni sindrom sa značajnim dijagnostič-

kim, prognostičkim i potencijalno terapijskim impli-
kacijama. On je ujedno marker težine bolesti, odraz 
metaboličkog i imunološkog disbalansa i indikator 
povećanog rizika od respiratornog pogoršanja, he-
modinamske nestabilnosti, multiorganske disfunk-
cije i mortaliteta. Razumevanje njegove patofiziolo-
gije, uloge u inflamaciji i uticaja na kliničke ishode 
od ključnog je značaja za optimalno upravljanje pa-
cijentima u intenzivnoj nezi, osobito u kontekstima 
teške traume, sepsije i respiratorne insuficijencije.

Imunološki biomarkeri i predikcija ishoda
Inflamatorni biomarkeri, posebno interleukin-6 

(IL-6) i C-reaktivni protein (CRP), predstavljaju cen-
tralne elemente u proceni rizika od razvoja sistem-
skog inflamatornog odgovora, sepse i multiple or-
ganske disfunkcije nakon teške traume. Njihova 
dinamika odražava intenzitet citokinske aktivacije, 
stepen tkivnog oštećenja i progresiju imunopatološ-
kog odgovora.Dosadašnja istraživanja potvrđuju da 
su povišeni nivoi IL-6 i CRP-a u snažnoj korelaciji sa 
rizikom od razvoja rane i kasne multiorganske insu-
ficijencije. Zbog toga su ovi biomarkeri nezaobilazni 
u početnoj, kao i u serijskoj kliničkoj proceni pacije-
nata (8).

U tom kontekstu, studija Durana i saradnika (7) 
donosi značajan doprinos razvoju personalizovanog 
pristupa u traumatologiji. Autori su, koristeći sveo-
buhvatnu analizu transkriptoma krvi, identifikova-
li specifične genske potpise koji se pojavljuju vrlo 
rano nakon povrede i dosledno predviđaju rizik od 
razvoja multiple organske disfunkcije (MODS). Ovaj 
prediktivni model zasnovan na molekularnom pro-
filu omogućava ne samo ranu diferencijaciju pacije-
nata visokog rizika, već i precizno praćenje dinami-
ke inflamacije i imunosupresije. Posebna vrednost 
studije leži u činjenici da transkriptomski biomarkeri 
mogu otkriti patofiziološka odstupanja pre nego što 
se ona manifestuju na klasičnim biohemijskim para-
metrima, što ih čini izuzetno pogodnim za naprednu 
stratifikaciju trauma populacije.

Pregled Trancă i saradnika (8) dodatno nagla-
šava kompleksnost uloge inflamatornih biomarkera 
kod politraumatizovanih pacijenata. Autori zaklju-
čuju da se nakon teške traume razvija dvostruka 
imunološka disfunkcija: hiperinflamatorna faza (po-
znata kao SIRS), koju prati kompenzatorni antiinfla-
matorni odgovor (CARS). U tom procesu, biomar-
keri poput IL-6, CRP-a, presepsina i prokalcitonina 
predstavljaju ključne alate za praćenje ove dinami-
ke. Istaknuto je da je IL-6 najosetljiviji rani marker 
teškog SIRS-a, dok povišeni CRP u kasnijim fazama 
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of systemic inflammatory response.
A study by Elmas and Kizilarslanoglu (18) furt-

her expands the clinical significance of NTIS, de-
monstrating that patients with this syndrome have 
a significantly higher risk of noninvasive ventilation 
(NIV) failure implying that hormonal status affects 
respiratory reserve, therapeutic pressure respon-
se, and overall ventilator dynamics. The authors 
showed that low T3 levels and disorders of thyroxi-
ne homeostasis are associated with an earlier tran-
sition to invasive ventilation and that they increase 
mortality, thus giving NTIS the role of a predictive 
biomarker for risk stratification in respiratory com-
promised patients.

The wider pathophysiological framework of 
this syndrome was additionally discussed in a re-
view by Sciacchitano et al. (9), who analyzed seve-
ral meta-analyses and systematic reviews in order 
to assess whether interventions – including hor-
mone replacement – might influence the outcome 
of NTIS. The authors conclude that, despite the 
well-documented prognostic significance of NTIS, 
the evidence of the therapeutic benefit of T3 or T4 
substitution remains insufficient and controversial. 
Although there is a theoretical rationality that hor-
monal correction may improve metabolic efficiency 
and mitochondrial function, there is no large study 
to this day that has provided sufficiently strong evi-
dence that NTIS should be routinely treated. This 
is further supported by the fact that NTIS is under-
stood as a complex adaptive response that may be 
beneficial in the early stages of the disease, but 
maladaptive in the later stages of a severe critical 
condition.

In the context of immunological mechanisms, 
Wu et al. (20) have shown that NTIS affects the im-
munophenotype and immune reactivity in patients 
with severe viral febrile syndrome accompanied 
by thrombocytopenia. In particular, the reduction 
in T3 is associated with the modulation of cytoki-
ne network, including the increased production of 
pro-inflammatory cytokines and pronounced lymp-
hocyte dysfunction. This study indicates that NTIS 
is not only a metabolic marker, but also an active 
participant in the dynamics of inflammation, immu-
nometabolism and viral pathogenesis. This further 
confirms that endocrine and immune systems are 
functionally correlated and that alterations in hor-
monal axes affect the progression of disease.

A specific contribution to the phenotype of 
NTIS in traumatic conditions is provided by the 
study conducted by Hifumi et al. (21), who analyze 
the alterations of thyroid hormones in patients with 

severe trauma that require massive transfusion. The 
findings suggest that in this population there is a 
pronounced suppression of T3 and T4 together with 
an increase in rT3, which correlates with the extent 
of tissue damage, the intensity of hemodynamic 
instability and the need for aggressive resuscitati-
on measures. The authors conclude that hormonal 
changes occur early in the course of trauma-shock 
and are a valid indicator of the severity of biological 
stress and the risk of multiple complications.

According to the literature (17-21), NTIS is a 
multidimensional syndrome with significant dia-
gnostic, prognostic and potentially therapeutic im-
plications. It is also a marker of disease severity, a 
reflection of metabolic and immune imbalance and 
an indicator of increased risk of respiratory deteri-
oration, hemodynamic instability, multiple organ 
dysfunction and mortality. Understanding its pat-
hophysiology, its role in inflammation, and impact 
on clinical outcomes is of great importance for the 
optimal management of patients in intensive care, 
especially in the context of severe trauma, sepsis 
and respiratory failure.

Immunological biomarkers and prediction 
of outcomes

Inflammatory biomarkers, especially interleu-
kin-6 (IL-6) and C-reactive protein (CRP), are central 
elements in assessing the risk of developing a syste-
mic inflammatory response, sepsis and multiple or-
gan dysfunctions after severe trauma. Their dyna-
mics reflect the intensity of cytokine activation, the 
degree of tissue damage and the progression of the 
immunopathological response. Previous research 
confirms that elevated levels of Il-6 and CRP are 
strongly correlated with the risk of developing ear-
ly and late multiple organ failure. Therefore, these 
biomarkers are indispensable in the initial, as well 
as in the serial clinical assessment of patients (8).

In this context, the study by Duran et al. (7) ma-
kes a significant contribution to the development 
of a personalized approach in traumatology. The 
authors, using a comprehensive blood transcrip-
tome analysis, identified specific gene signatures 
that appear very early after injury and consistently 
predict the risk of developing multiple organ dys-
function (MODS). This predictive model based on 
a molecular profile allows not only the early diffe-
rentiation of high-risk patients, but also the precise 
monitoring of the dynamics of inflammation and 
immunosupression. The special value of the study 
lies in the fact that transcriptomic biomarkers can 
detect pathophysiological deviations before they 
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reflektuje održavanje inflamatornog stanja i rizik od 
sekundarne sepse. Analiza pokazuje da se pouzdana 
klinička odluka ne može doneti na osnovu samo jed-
nog markera, već je neophodan integrisani pristup.

U specifičnom kontekstu neurotraume, Marta 
i saradnici (9) identifikuju dodatne prediktore mor-
taliteta kod pacijenata sa teškim traumatskim po-
vredama mozga. Studija pokazuje da inflamatorni 
biomarkeri, zajedno sa fiziološkim parametrima i 
neurološkim skorovima, značajno unapređuju pro-
cenu prognoze. IL-6 se ističe kao marker povezan 
sa intrakranijalnom hipertenzijom, cerebralnom is-
hemijom i povećanim rizikom od ranih neuroloških 
komplikacija. Autori navode da integracija biomar-
kera sa postojećim prognostičkim modelima (npr. 
International Mission for Prognosis and Analysis of 
Clinical Trials in TBI – IMPACT, Corticosteroid Ran-
domisation After Significant Head Injury – CRASH) 
može poboljšati prediktivnu tačnost, posebno u po-
pulaciji s ekstremno teškim povredama.

Pored inflamatornih markera, sve je više dokaza 
da demografske i biološke varijable doprinose razli-
kama u ishodima nakon teške traume. Brauckmann i 
saradnici (1) sproveli su obimnu epidemiološku ana-
lizu u politraumi i utvrdili jasne razlike u mortalitetu, 
komplikacijama i oporavku u odnosu na pol. Prema 
njihovim nalazima, žene reproduktivnog doba imaju 
povoljniju prognozu, što autori pripisuju zaštitnom 
efektu estrogena, boljim antiinflamatornim meha-
nizmima i povoljnijoj hemostatskoj regulaciji. Nasu-
prot tome, muškarci imaju veću incidenciju kompli-
kacija, izraženiju inflamatornu reaktivnost i viši rizik 
od MODS-a. Ovi podaci sugerišu da razlike po polu 
predstavljaju važne biološke determinante koje bi 
trebalo uzeti u obzir u kliničkoj proceni.

Drugi značajan prediktorski parametar pome-
nut u literaturi odnosi se na metabolički odgovor na 
stres, posebno glikemiju pri prijemu u bolnicu. Ar-
manious i saradnici (22) pokazali su da nivo glukoze 
≥15 mmol/L predstavlja snažan i nezavisan predik-
tor mortaliteta kod politraumatizovanih pacijenata. 
Hiperglikemija u ranoj fazi traume odražava inten-
zitet neuroendokrinog stresa, oslobađanje kateho-
lamina, povećanu hepatičnu glukoneogenezu i rezi-
stenciju na insulin. Studija je pokazala da je povišena 
glikemija pri prijemu direktno povezana sa većom 
učestalošću septičkih komplikacija, prolongiranom 
ventilatornom podrškom i produženim boravkom u 
jedinici intenzivne nege. Ovaj parametar je jedno-
stavan, dostupan i klinički veoma upotrebljiv, što ga 
čini važnim dodatkom sistemima rane procene.

Na osnovu svega, literaturni podaci (1,7-9,22) 
potvrđuju da je procena rizika kod pacijenata sa 

teškom traumom višeslojna i zahteva integraciju 
inflamatornih biomarkera, molekularnih signatura, 
metaboličkih parametara i bioloških varijabli. IL-6 i 
CRP ostaju osnovni indikatori inflamatorne aktiva-
cije, dok transkriptomski modeli predstavljaju novu 
generaciju prediktivnih alata koji omogućavaju pre-
cizno prepoznavanje pacijenata sklonih komplika-
cijama. Polne razlike, kao i jednostavni metabolički 
parametri poput glikemije pri prijemu, doprinose 
dodatnoj diferencijaciji rizika i unapređuju persona-
lizaciju tretmana u akutnoj traumatologiji. Najzna-
čajniji imunološki i metabolički biomarkeri, njihova 
prognostička uloga i klinička primena sistematizova-
ni su u Tabeli 2.

Komparacija prediktivnih biomarkera
Sveobuhvatna komparacija endokrinih, imu-

noloških, metaboličkih i demografskih biomarkera 
prikazana je u Tabeli 3. Integracija različitih endokri-
nih i imunoloških biomarkera omogućava detaljniju 
stratifikaciju rizika kod kritično obolelih i traumati-
zovanih pacijenata. Kortizol, kao klasičan indikator 
hormonskog stresa, pruža brzu informaciju o akti-
vaciji HHA-ose i adaptacionoj sposobnosti organiz-
ma, ali njegova prognostička vrednost može biti 
ograničena individualnom varijabilnošću i uticajem 
terapijskih intervencija. Kateholamini, pre svega no-
radrenalin i adrenalin, predstavljaju rani marker he-
modinamskog stresa i korelaciju sa mortalitetom, ali 
su njihovi nivoi podložni fluktuacijama u zavisnosti 
od primene vazopresora i resuscitacije tečnostima. 
CIRCI i NTIS, sa druge strane, reflektuju relativne 
insuficijencije endokrinih osa i metaboličku adapta-
ciju, pri čemu njihova identifikacija zahteva kombi-
naciju laboratorijskih analiza i kliničkih kriterijuma.

Inflamatorni biomarkeri, poput IL-6 i CRP, pru-
žaju dodatnu dimenziju procene, oni odražavaju 
intenzitet sistemskog inflamatornog odgovora i ri-
zik od MODS-a, dok transkriptomski profili omogu-
ćavaju predikciju komplikacija pre nego što klinički 
manifestni parametri postanu abnormalni. Analiza 
ovih markera ukazuje na to da nijedan pojedinačni 
pokazatelj nije dovoljan za precizno predviđanje is-
hoda. Najbolja strategija podrazumeva sveobuhva-
tan pristup koji kombinuje endokrine, imunološke 
i metaboličke parametre, uz uvažavanje demograf-
skih i individualnih karakteristika pacijenta.

Sveobuhvatna analiza literature pokazuje da 
kombinacija kortizola, IL-6 i transkriptomskih mar-
kera može povećati prognostičku tačnost, dok ka-
teholamini i glikemija pri prijemu služe kao dodatni 
indikatori akutne ozbiljnosti stanja.
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manifest on classical biochemical parameters, whi-
ch makes them extremely suitable for advanced 
stratification of the trauma population. 

The review by Tranca and associates (8) further 
emphasizes the complexity of the role of inflamma-
tory biomarkers in polytraumatized patients. The 
authors conclude that a dual immune dysfunction 
develops after severe trauma: a hyperinflammatory 
phase (known as SIRS), followed by a compensatory 
anti-inflammatory response (CARS). In this process, 
biomarkers, such as IL-6, CRP, presepsin and proca-
lcitonin are key tools for monitoring these dynami-
cs. It was pointed out that IL-6 is the most sensitive 
early marker of severe SIRS, while elevated CRP in 
the later stages reflects the maintenance of the in-
flammatory state and the risk of secondary sepsis. 
The analysis shows that a reliable clinical decision 
cannot be made on the basis of only one marker, 
but an integrated approach is necessary. 

In the specific context of neurotrauma, Marta 
et al. (9) identify additional predictors of mortality 
in patients with severe traumatic brain injuries. The 
study shows that inflammatory biomarkers, toget-
her with physiological parameters and neurological 
scores, significantly improve prognosis assessment. 
IL-6 stands out as a marker that is associated with 
intracranial hypertension, cerebral ischemia and 
increased risk of early neurological complications. 
The authors state that the integration of biomar-
kers with existing prognostic models (International 
Mission for Prognosis and Analysis of Clinical Trials 
in TBI – IMPACT, Corticosteroid Randomization after 
Significant Head Injury – CRASH) can improve pre-
dictive accuracy, especially in the population with 
extremely severe injuries.

In addition to inflammatory markers, there is 
increasing evidence that demographic and biologi-
cal variables contribute to differences in outcomes 
after severe trauma. Brauckmann et al. (1) condu-
cted a comprehensive epidemiological analysis in 
polytrauma and found clear differences in mortali-
ty, complications and recovery in relation to gender. 
According to their findings, women of reproductive 
age have a more favorable prognosis, which the au-
thors attribute to the protective effect of estrogen, 
better anti-inflammatory mechanisms and more 
favorable hemostatic regulation. In contrast, men 
have a higher incidence of complications, more pro-
nounced inflammatory reactivity, and a higher risk 
of MODS. These data suggest that gender differen-
ces represent important biological determinants 
that should be considered in clinical evaluation.

Another significant predictor parameter menti-
oned in the literature relates to the metabolic res-
ponse to stress, especially glycemia at admission to 
the hospital. Armanius et al. (22) showed that glu-
cose levels ≥15 mmol/L is a strong and independent 
predictor of mortality in polytraumatized patients. 
Hyperglycemia in the early phase of trauma reflects 
the intensity of neuroendocrine stress, release of 
catecholamine, increased hepatic gluconeogenesis, 
and insulin resistance. The study showed that eleva-
ted glycemia at admission is directly associated with 
a higher frequency of septic complications, prolon-
ged ventilator support and prolonged stay in the 
intensive care unit. This parameter is simple, acce-
ssible and clinically very usable, making it an impor-
tant addition to the systems of early assessment.

Based on the literature data (1,7-9,22), it has 
been confirmed that the risk assessment in patients 
with severe trauma is multifaceted and requires the 
integration of inflammatory biomarkers, molecular 
signatures, metabolic parameters and biological 
variables. IL-6 and CRP remain the basic indicators 
of inflammatory activation, while transcriptomic 
models represent a new generation of tools that 
enable accurate recognition of patients prone to 
complications. Gender differences, as well as simple 
metabolic parameters, such as glycemia at admissi-
on, contribute to additional risk differentiation and 
improve the personalization of treatment in acute 
traumatology. The most important immunological 
and metabolic biomarkers, their prognostic role and 
clinical application are systematized in Table 2.

Comparison of predictive biomarkers
A comprehensive comparison of endocrine, im-

munological, metabolic and demographic biomar-
kers is shown in Table 3. The integration of different 
endocrine and immunological biomarkers enables 
more detailed risk stratification in critically ill and 
traumatized patients. Cortisol, as a classic indicator 
of hormonal stress, provides quick information on 
the HPA-Axis activation and the adaptive capacity 
of the organism, but its prognostic value can be li-
mited by individual variability and the influence of 
therapeutic interventions. Catecholamines, first of 
all noradrenaline and adrenaline, represent an early 
marker of hemodynamic stress and correlate with 
mortality, but their levels are subject to fluctuations 
depending on the administration of vasopressors 
and fluid resuscitation. CIRCI and NTIS, on the other 
hand, reflect relative insufficiency of endocrine axes 
and metabolic adaptation, while their identification 
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Kliničke implikacije i buduće perspektive
Razumevanje složene interakcije između en-

dokrinog, imunološkog i metaboličkog odgovora 
kod kritično obolelih ima direktan značaj za kliničku 
praksu. Rano prepoznavanje pacijenata sa disfunk-
cijom HHA-ose, CIRCI ili NTIS omogućava pravovre-
menu intervenciju, uključujući ciljanu primenu glu-
kokortikoida, optimizaciju hemodinamske podrške i 
individualizovano praćenje inflamatornog odgovo-
ra. Povezivanje biomarkera sa kliničkim skorovima i 
hemodinamskim parametrima može unaprediti od-
luke o intenzitetu nadzora, tipu resuscitacije i even-
tualnoj farmakološkoj intervenciji.

Buduće perspektive uključuju razvoj integrisa-
nih prediktivnih modela zasnovanih na veštačkoj 
inteligenciji i algoritmu mašinskog učenja (engl. 
machine learning algoritmima), koji bi kombinovali 
kliničke parametre, endokrine i inflamatorne bio-
markere, genetske i transkriptomske profile, kao i 
demografske faktore. Takvi modeli imaju potencijal 
da unaprede personalizovanu medicinu u kritičnoj 
nezi, smanje broj komplikacija i optimizuju korišće-
nje resursa.

Buduća istraživanja treba da se fokusiraju na 
standardizaciju vremenskih intervala uzorkovanja, 
definisanje referentnih vrednosti i evaluaciju tera-
pijskih intervencija za NTIS i CIRCI, kako bi se smanji-
le varijacije u interpretaciji i omogućila ujednačena 
primena u kliničkoj praksi. Perspektiva obuhvata i 
razvoj novih biomarkera, uključujući slobodni korti-
zol, kombinovane citokinske indekse i molekularne 
profile koji mogu predvideti individualnu adaptaciju 
i rizik od nepovoljnih ishoda već u ranim fazama kri-
tične bolesti.

Sveobuhvatno, integracija prediktivnih bio-
markera u rutinsku kliničku praksu obećava unap-
ređenje stratifikacije rizika, razvoj personalizovanih 
terapijskih strategija i smanjenje mortaliteta i kom-
plikacija kod kritično obolelih pacijenata.

Zaključak
Kritično oboleli i traumatizovani pacijenti poka-

zuju složen i dinamičan odgovor endokrinog, imu-
nološkog i metaboličkog sistema, pri čemu kortizol, 
kateholamini, CIRCI, NTIS i inflamatorni biomarkeri 
igraju centralnu ulogu u reflektovanju težine stresa, 
adaptacionih sposobnosti i rizika od komplikacija. 
Rani hormonski i inflamatorni odgovori, uključujući 
koncentracije IL-6, CRP i nivo glikemije pri prijemu, 
zajedno sa transkriptomskim i genetičkim profilima, 
omogućavaju precizniju stratifikaciju pacijenata i 
identifikaciju onih sa povećanim rizikom od multi-

organske disfunkcije, septičkih komplikacija i ne-
povoljnih neuroloških ishoda. Individualne razlike, 
uključujući pol, prethodne terapije i tip traume, 
dodatno naglašavaju potrebu za personalizovanim 
pristupom u praćenju i terapiji kritičnih stanja.

Integracija prediktivnih biomarkera u klinič-
ku praksu otvara mogućnosti za unapređenje rane 
dijagnostike, optimizaciju perioperativne i intenzi-
vističke strategije i ciljanu farmakološku interven-
ciju. Buduća istraživanja treba da se fokusiraju na 
standardizaciju dijagnostičkih protokola, evaluaciju 
terapijskih intervencija i razvoj inovativnih modela 
predikcije rizika zasnovanih na veštačkoj inteligenci-
ji i kombinaciji molekularnih, imunoloških i kliničkih 
parametara. Takav multidimenzionalni pristup ima 
potencijal da unapredi personalizovanu medicinu, 
smanji komplikacije i mortalitet, te poveća efika-
snost i bezbednost lečenja kritično obolelih pacije-
nata.
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requires a combination of laboratory analysis and 
clinical criteria.

Inflammatory biomarkers, such as IL-6 and CRP, 
provide the additional dimension of assessment, 
they reflect the intensity of systemic inflammatory 
response, and the risk of MODS, while transcripto-
mic profiles enable the prediction of complications 
before parameters that are reflected clinically beco-
me abnormal. The analysis of these markers indica-
tes that no single indicator is sufficient to accurately 
predict the outcome. The best strategy involves a 
comprehensive approach that combines endocrine, 
immunological and metabolic parameters, while 
taking into account the patient’s demographic and 
individual characteristics.

A comprehensive analysis of the literature 
shows that the combination of cortisol, IL-6 and 
transcriptomic markers can increase the prognostic 
accuracy, while catecholamines and glycemia at ad-
mission serve as additional indicators of acute seve-
rity of the condition.

Clinical implications and future 
perspectives

Understanding the complex interaction 
between endocrine, immune and metabolic res-
ponses in the critically ill patients has direct impli-
cations for clinical practice. The early recognition of 
patients with HPA- Axis dysfunction, CIRCI or NTIS 
allows for timely intervention, including targeted 
administration of glucocorticoids, optimization of 
hemodynamic support and individualized moni-
toring of inflammatory response. Integrating the 
biomarkers with clinical scores and hemodynamic 
parameters can improve decisions about intensity 
of monitoring, type of resuscitation and possible 
pharmacological intervention.

Future perspectives include the development 
of integrated predictive models based on artificial 
intelligence and machine learning algorithms, which 
would combine clinical parameters, endocrine and 
inflammatory biomarkers, genetic and transcripto-
mic profiles, as well as demographic factors. Such 
models have the potential to improve personalized 
medicine in intense care, reduce complications and 
optimize the use of resources. 

Future research should focus on standardizing 
the time intervals of sampling, defining reference 
values and evaluating therapeutic interventions for 
the NTIS and CIRCI, in order to reduce variations in 
interpretation and enable uniform application in 
clinical practice. The perspective also includes the 

development of new biomarkers, including free 
cortisol, combined cytokine indices and molecular 
profiles that can predict individual adaptation and 
risk of adverse outcomes even in the early stages of 
critical illness.

Overall, the integration of predictive biomarkers 
into routine clinical practice promises to improve 
risk stratification, develop personalized therapeutic 
strategies and reduce mortality and complications 
in critically ill patients.

Conclusion
Critically ill and traumatized patients show a 

complex and dynamic response of endocrine, im-
mune and metabolic systems, where cortisol, cate-
cholamines, CIRCI, NTIS and inflammatory biomar-
kers play a central role in reflecting the severity of 
stress, adaptive abilities and risk of complications. 
Early hormonal and inflammatory responses, inclu-
ding the concentration of IL-6, CRP and the levels 
of glycemia at admission, along with transcriptomic 
and genetic profiles, enable more accurate stratifi-
cation of patients and identification of those at in-
creased risk of multiple organ dysfunction, septic 
complications and adverse neurological outcomes. 
Individual differences, including gender, previous 
therapies and type of trauma, further emphasize 
the need for a personalized approach in monitoring 
and treating critical conditions.

The integration of predictive biomarkers into 
clinical practice opens up the opportunities for im-
proving early diagnosis, optimizing perioperative 
and intensive care strategies, and targeted pharma-
cological intervention. Future research should focus 
on the standardization of diagnostic protocols, eva-
luation of therapeutic interventions, and develop-
ment of innovative risk prediction models based on 
artificial intelligence and combination of molecu-
lar, immunological and clinical parameters. Such a 
multidimensional approach has the potential to im-
prove personalized medicine, reduce complications 
and mortality and increase the efficiency and safety 
of treatment of critically ill patients. 
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Tabela 1. Endokrini biomarkeri i predikcija ishoda

Biomarker Predikcija ishoda Klinička primena Reference

Kortizol Mortalitet, komplikacije, PTSP Procena težine stanja, praćenje terapijsk-
og odgovora

1,2,7,10,15

Kateholamini Mortalitet, hemoragijski šok Rano upravljanje šokom, indikacija za 
vazopresore

4,5,14,16

CIRCI Povećan mortalitet, komplikacije Hormonalna supstitucija kod insuficijenci-
je

6,12

NTIS Neuspeeh ventilacije, produženi 
boravak, mortalitet

Praćenje tireoidnog statusa, modulacija 
imunološkog odgovora

3,8,9,11,17

Tabela 2. Imunološki biomarkeri i predikcija komplikacija

Biomarker Predikcija ishoda Klinička primena Reference

IL-6, CRP Sepsa, MODS (multiple organ dysfunc-
tion syndrome)

Rano prepoznavanje inflamatornih 
komplikacija

18,19,20

Transkriptom krvi Post-trauma MODS/POF Razvoj preciznih prediktivnih modela 18
Glikemija Mortalitet kod politraumatskih pacije-

nata
Procena rizika pri prijemu 23

Polne razlike Različit rizik od komplikacija i mortalite-
ta

Demografska stratifikacija 21

Tabela 3. Komparacija endokrinih i imunoloških biomarkera

Biomarker Tip Predikcija ishoda Klinička primena Reference

Kortizol Endokrinološki Mortalitet, PTSP, 
komplikacije

Praćenje kritično bolesnih 1,2,7,10,15

Kateholamini Endokrinološki Mortalitet, šok Upravljanje šokom 4,5,14,16
CIRCI Endokrinološki Mortalitet, produžene 

komplikacije
Hormonalna supstitucija 6,12

NTIS Endokrinološki Ventilacija, mortalitet Praćenje tireoidnog statusa 3,8,9,11,17
IL-6, CRP Imunološki Sepsa, MODS Praćenje inflamatornog 

odgovora
18,19,20

Transkriptom krvi Imunološki MODS/POF Razvoj prediktivnih modela 18
Glikemija Metabolički Mortalitet Procena rizika pri prijemu 23
Polne razlike Demografski faktor Mortalitet i komplikacije Stratifikacija populacije 21
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Table 1. Endocrine biomarkers and outcome prediction

Biomarker Outcome Prediction Clinical Application References

Cortisol Mortality, complications, 
PTSD

Severity assessment, monitoring 
therapeutic response

1,2,7,10,15

Catecholamines Mortality, hemorrhagic shock Early shock management, indica-
tion for vasopressors

4,5,14,16

CIRCI (Critical illness–related 
corticosteroid insufficiency)

Increased mortality, compli-
cations

Hormonal substitution in insuffi-
ciency

6,12

NTIS (Non-thyroidal illness 
syndrome)

Ventilation failure, prolonged 
stay, mortality

Monitoring thyroid status, modu-
lation of immune response

3,8,9,11,17

Table 2. Immunological biomarkers and complication prediction

Biomarker Outcome Prediction Clinical Application References

IL-6, CRP Sepsis, MODS (multiple organ dysfunc-
tion syndrome)

Early recognition of inflammatory 
complications

18,19,20

Blood transcriptome Post-trauma MODS/POF Development of precise predictive 
models

18

Glycemia Mortality in polytrauma patients Risk assessment at admission 23
Sex differences Differential risk of complications and 

mortality
Demographic stratification 21

Table 3. Comparison of endocrine and immunological biomarkers

Biomarker Type Outcome Prediction Clinical Application References

Cortisol Endocrine Mortality, PTSD, 
complications

Monitoring critically ill 
patients

1,2,7,10,15

Catecholamines Endocrine Mortality, shock Shock management 4,5,14,16
CIRCI Endocrine Mortality, prolonged 

complications
Hormonal substitution 6,12

NTIS Endocrine Ventilation, mortality Monitoring thyroid status 3,8,9,11,17
IL-6, CRP Immunological Sepsis, MODS Monitoring inflammatory 

response
18,19,20

Blood transcriptome Immunological MODS/POF Development of 
predictive models

18

Glycemia Metabolic Mortality Risk assessment at 
admission

23

Sex differences Demographic factor Mortality and 
complications

Population stratification 21
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SAŽETAK

Uvod/ciljevi: Adenokarcinomi gastrointestinalnog porekla retko metastaziraju u kraniofacijalnu regiju. 
Ovakve manifestacije, naročito uz sumnju na leptomeningealno širenje, odlikuju se visokom agresivnošću 
i lošom prognozom. Cilj rada je prikaz slučaja masivne kraniofacijalne metastaze adenokarcinoma atipične 
prezentacije i fulminantnog toka.
Prikaz bolesnika: Sprovedena je retrospektivna analiza medicinske dokumentacije 74-godišnje pacijentki-
nje. Pacijentkinja je primljena u Urgentni centar zbog naglog poremećaja stanja svesti. Radiološki je utvrđe-
na masivna frontoparijetalna lezija sa destrukcijom kraniofacijalnih kostiju i invazijom orbite, sfenoidalne i 
temporalne kosti, te infratemporalne jame. Nisu uočene intraparenhimske lezije mozga, ali je postavljena 
sumnja na leptomeningealno zahvatanje. Otkrivene su i metastaze u jetri i kičmenim pršljenovima (Th1, L1, 
L3). Patohistološkom i imunohistohemijskom analizom biopsijskog uzorka kraniofacijalne mase potvrđen 
je adenokarcinom imunofenotipa koji ukazuje na gastrointestinalno poreklo. Uprkos intenzivnom multi-
disciplinarnom lečenju, klinički tok je bio fulminantan, sa letalnim ishodom četvrtog dana hospitalizacije.
Zaključak: Kraniofacijalne metastaze adenokarcinoma mogu biti prva manifestacija okultnog gastrointesti-
nalnog maligniteta. Ekstenzivna koštana destrukcija i leptomeningealna diseminacija uslovljavaju izrazito 
nepovoljan ishod. Ovaj slučaj naglašava važnost brze dijagnostike i visokog stepena kliničke sumnje kod 
pacijenata sa atipičnim koštanim lezijama lobanje i akutnim neurološkim pogoršanjem.
Ključne reči: adenokarcinom, gastrointestinalni trakt, kraniofacijalne metastaze, leptomeningealna karci-
nomatoza, imunohistohemija, fulminantni tok

Uvod 
Adenokarcinomi gastrointestinalnog (GI) pore-

kla, prvenstveno kolorektalni karcinomi, predstavljaju 
značajan javnozdravstveni problem i treći su najčešći 
uzrok smrtnosti od maligniteta širom sveta. Iako ovi 
tumori uobičajeno metastaziraju u jetru, pluća i regio-
nalne limfne čvorove, njihova diseminacija u centralni 
nervni sistem (CNS) javlja se u svega 1% do 4% sluča-
jeva (1). Metastaze u kraniofacijalnoj regiji, koje obu-
hvataju bazu lobanje i paranazalne strukture, pred-
stavljaju još ređi klinički entitet i često su povezane sa 
naprednim stadijumom osnovne bolesti.

Posebno agresivnu formu CNS diseminaci-
je predstavlja leptomeningealna karcinomatoza 
(LMC), stanje u kojem maligne ćelije infiltrišu meke 
moždanice i subarahnoidalni prostor. Prevalencija 
LMC kod solidnih tumora GI trakta je izuzetno niska, 
procenjena na manje od 0,1%, ali je u stalnom pora-
stu zbog produženja preživljavanja pacijenata usled 
savremene onkološke terapije i bolje radiološke di-
jagnostike (2). Patofiziološki mehanizam zahvatanja 
kraniofacijalnih kostiju i meninga najčešće podrazu-
meva hematogeno širenje putem Batsonovog ven-
skog pleksusa ili direktno širenje iz koštanih meta-
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SUMMARY

Introduction/Aims: Adenocarcinomas of gastrointestinal origin rarely metastasize to the craniofacial region. 
Such manifestations, especially when associated with suspected leptomeningeal involvement, are charac-
terized by high aggressiveness and a very poor prognosis. The aim of this paper is to present a rare case of 
a massive craniofacial metastasis from an adenocarcinoma with an atypical presentation and a fulminant 
clinical course.
Case Report: A retrospective analysis of the medical records of a 74-year-old female patient was performed. 
The patient was admitted to the Emergency Center due to a sudden disturbance in the level of conscious-
ness. Radiology revealed a massive frontoparietal lesion with extensive destruction of craniofacial bones 
and invasion of the orbit, sphenoid and temporal bones, and the infratemporal fossa. No primary intrapa-
renchymal brain lesions were observed, but radiological findings suggested leptomeningeal involvement. 
Metastases were also detected in the liver and vertebral bodies (Th1, L1, L3). Histopathological and im-
munohistochemical analysis of the craniofacial mass biopsy confirmed an adenocarcinoma with an immu-
nophenotype indicative of gastrointestinal origin. Despite intensive multidisciplinary treatment, the clinical 
course was fulminant, resulting in a lethal outcome on the fourth day of hospitalization.
Conclusion: Craniofacial metastases of adenocarcinoma can be the first manifestation of an occult gastro-
intestinal malignancy. Extensive bone destruction and suspected leptomeningeal dissemination lead to an 
extremely unfavorable outcome. This case highlights the importance of rapid diagnosis and a high degree 
of clinical suspicion in patients presenting with atypical cranial bone lesions and acute neurological deteri-
oration.
Keywords: adenocarcinoma, gastrointestinal tract, craniofacial metastases, leptomeningeal carcinomatosis, 
immunohistochemistry, fulminant course

Introduction
Adenocarcinomas of gastrointestinal (GI) origin, 

primarily colorectal cancers, represent a significant 
public health problem and the third most common 
cause of cancer-related deaths worldwide. Although 
these tumors usually metastasize to the liver, lungs 
and the regional lymph nodes, their dissemination 
to the central nervous system (CNS) occurs in only 
1% to 4% of cases (1). Metastases in the craniofacial 
region, which involve the cranial base and parana-

sal structures, represent an even rarer clinical entity 
and are often associated with advance stages of the 
underlying disease.

A particularly aggressive form of CNS dissem-
ination is leptomeningeal carcinomatosis (LMC), 
a condition in which malignant cells infiltrate the 
leptomeninges and the subarachnoid space. The 
prevalence of LMC in solid tumors of the GI tract 
is extremely low, estimated at less than 0.1%, but 
it is constantly increasing because of the prolonga-
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staza baze lobanje (3).
Ovakve manifestacije bolesti odlikuju se viso-

kom agresivnošću, fulminantnim kliničkim tokom 
i dramatičnim neurološkim simptomima, što dija-
gnostiku čini kompleksnom, naročito kada se meta-
staza prezentuje pre primarnog tumora (1,3).

Cilj ovog rada je prikaz slučaja pacijentkinje sa 
masivnom kraniofacijalnom metastazom i suspek-
tnim leptomeningealnim zahvatanjem kao primar-
nom manifestacijom adenokarcinoma, uz analizu 
patofizioloških mehanizama i dijagnostičkih ograni-
čenja u određivanju primarnog porekla tumora.

Prikaz bolesnika 
Pacijentkinja starosti 74 godine primljena je u 

Urgentni centar zbog naglog poremećaja stanja sve-
sti. Prethodno je pronađena bez svesti, a pri prijemu 
je bila u soporoznom stanju, spontano je disala uz 
devijaciju bulbusa udesno. Od ranijih oboljenja na-
vode se arterijska hipertenzija, dijabetes mellitus tip 
2 i hipotireoza nakon totalne tireoidektomije.

Lokalnim pregledom uočena je desna frontopa-
rijetalna masa, meka na palpaciju, dimenzija 4 x 5 
cm. CT endokranijuma otkrio je ekspanzivnu leziju 
sa ekstrakranijalnom propagacijom na krov orbite, 
frontalni procesus zigomatične kosti, skvamu tem-
poralne kosti, veliko krilo sfenoidalne kosti, etmoi-
dalne ćelije i optički kanal desno. Proces je zahvatio 
prednju i srednju lobanjsku jamu, uz proptozu de-
snog oka (slika 1-5). Sistemska evaluacija otkrila je 
osteolitične metastaze na pršljenovima Th1, L1 i L3, 
kao i metastatsku promenu u jetri promera 8 cm.

Zbog kritičnog stanja, pacijentkinja nije bila kan-
didat za hitnu operaciju. Multidisciplinarni pristup 
uključio je biopsiju supratentorijalne mase (slika 6). 
Patohistološki nalaz potvrdio je metastazu adeno-
karcinoma (glandularni i solidni angažman kockastih 
ćelija sa žarištima nekroze). Imunohistohemijskom 
analizom utvrđena je pozitivnost na panCK (AE1/
AE3) i CK20 (difuzno), dok je CK7 bio samo fokalno 
pozitivan. Negativni su bili Vimentin, TTF-1, CDX-2, 
PAX8 i drugi specifični markeri. Uprkos intenzivnom 
lečenju, pacijentkinja je preminula četvrtog dana 
hospitalizacije.

Diskusija 
Leptomeningealne metastaze adenokarcinoma 

gastrointestinalnog (GI) porekla predstavljaju izu-
zetno retku i klinički agresivnu manifestaciju mali-
gniteta. Iako adenokarcinomi creva i drugih delova 
GI trakta uobičajeno metastaziraju u jetru, pluća i 
regionalne limfne čvorove, njihova invazija u cen-

tralni nervni sistem (CNS), uključujući leptomeninge 
i kraniofacijalne kosti, javlja se vrlo retko (4-6).

Kod naše pacijentkinje, primetna je akutna ne-
urološka prezentacija sa poremećajem svesti, devi-
jacijom bulbusa i izrazito proširenom ekstrakranijal-
nom masom u frontoparijetalnoj regiji. Radiološki 
nalazi su pokazali invaziju krovova orbite, frontal-
nog procesusa zigomatične kosti, temporalne skva-
me, velikog krila sfenoidalne kosti i infratemporalne 
fose, dok primarni intraparenhimalni tumor u moz-
gu nije bio prisutan. Ovako masivna i destruktivna 
prezentacija metastatskog adenokarcinoma, za koji 
se pretpostavlja da je intestinalnog porekla, podu-
darna je sa literaturnim opisima najagresivnijih for-
mi diseminacije (7–9).

Leptomeningealne metastaze se obično ma-
nifestuju simptomima poput glavobolje, promene 
svesti, fokalnih neuroloških deficita i oftalmoloških 
tegoba, što je bio slučaj i kod naše pacijentkinje 
(4,5,10). Biopsija tumorske mase potvrdila je ade-
nokarcinom, naglašavajući važnost histopatološke 
verifikacije kao zlatnog standarda u dijagnostici kod 
pacijenata sa nejasnim koštanim lezijama (4,11). 
Slični slučajevi u literaturi opisuju adenokarcinome 
kolona i duodenuma koji metastaziraju u intrakrani-
jalne strukture, često udruženo sa sistemskom bole-
šću u jetri i skeletu (7,12).

Patofiziološki mehanizam metastaziranja ade-
nokarcinoma u CNS je složen proces. Tumorske ćeli-
je prolaze kroz lokalne i regionalne limfne čvorove, 
ulaze u sistemsku cirkulaciju i hematogenim putem 
dospevaju do mozga i kostiju lobanje (13). Ovaj 
proces zahteva da ćelije savladaju krvno-moždanu 
barijeru putem specifičnih interakcija adhezivnih 
molekula tumora sa endotelnim receptorima, uz 
sekreciju enzima koji razgrađuju bazalnu membra-
nu kapilara (13). Tropizam tumorskih ćelija za kra-
niofacijalne kosti kod naše pacijentkinje može se 
objasniti širenjem kroz retikuloendotelne kapilare 
lobanjske baze, što dovodi do destruktivne ekspan-
zije i pritiska na okolne neurološke i oftalmološke 
strukture (8,9,13).

Prognoza ovih pacijenata ostaje izrazito loša. 
Prosečno preživljavanje nakon dijagnoze leptome-
ningealnih metastaza retko prelazi nekoliko nedelja, 
čak i uz primenu intenzivnih mera podrške vitalnim 
funkcijama (5,8,11). Ovaj slučaj naglašava potrebu 
za visokom kliničkom sumnjom kod bolesnika sa 
GI malignitetima koji razvijaju akutne neurološke 
simptome, jer rana dijagnostika putem CT, MRI i 
histopatološke analize ostaje ključna za planiranje 
palijativnog zbrinjavanja (3–12).
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tion of patient survival due to modern oncological 
therapy and better radiological diagnostics (2). The 
pathophysiological mechanism of the involvement 
of craniofacial bones and meninges usually implies 
the hematogenous spread through the Batson ve-
nous plexus or direct spread from bone metastases 
of the cranial base (3).

Such manifestations of the disease are charac-
terized by high aggressiveness, fulminant clinical 
course and dramatic neurological symptoms, which 
makes the diagnosis complex, especially when the 
metastasis is manifested before the primary tumor 
(1-3).

     The aim of this paper is to present the case of 
a female patient with the massive craniofacial me-
tastasis and suspected leptomeningeal involvement 
as the primary manifestation of adenocarcinoma, 
along with the analysis of pathophysiological mech-
anisms and diagnostic limitations in determining 
the primary origin of the tumor. 

Case Report
A 74-year-old female patient was admitted to 

the Emergency Center due to a sudden disturbance 
in the state of consciousness. Previously, she was 
found unconscious and upon admission she was in 
a soporose state, breathing spontaneously with the 
deviation of the bulbus to the right. Among the ear-
lier diseases, arterial hypertension, diabetes melli-
tus type 2 and hypothyroidism after total thyroidec-
tomy are mentioned.

Local examination revealed a right frontopari-
etal mass, soft to palpation, measuring 4 x 5 cm. CT 
scan of the endocranium revealed an expansive le-
sion with the extracranial spread to the roof of the 
orbit, the frontal process of the zygomatic bone, the 
squama of the temporal bone, the greater wing of 
the sphenoid bone, ethmoid cells and optic canal 
on the right. The process affected the anterior and 
middle cranial fossa, with proptosis of the right eye 
(Figure 1-5). The systemic evaluation revealed oste-
olytic metastases on the Th1, L1 and L3 vertebrae, 
as well as a metastatic change in the liver with a di-
ameter of 8 cm.

Due to the critical condition, the patient was 
not a candidate for an urgent operation. A multidis-
ciplinary approach included biopsy of the supraten-
torial mass (Figure 6). The pathohistological findings 
confirmed the metastasis of adenocarcinoma (glan-
dular and solid involvement of cuboidal cells with 
foci of necrosis. The immunohistochemical analysis 
revealed positivity for panCK (AE1/AE3) and CK20 
(diffuse), while CK7 was only focally positive. Vimen-

tin, TTF-1, CDX-2, PAX-8 and other specific markers 
were negative. Despite intensive treatment, the pa-
tient died on the fourth day of hospitalization.   

Discussion
Leptomeningeal metastases of adenocarcino-

ma of gastrointestinal (GI) origin represent an ex-
tremely rare and clinically aggressive manifestation 
of malignancy. Although adenocarcinomas of the 
intestines and other parts of the GI tract commonly 
metastasize to the liver, lungs and regional lymph 
nodes, their invasion of the central nervous system 
(CNS),  including the leptomeninges and craniofa-
cial bones, occurs very rarely (4-6).

In our patient, an acute neurological presenta-
tion with impaired consciousness, deviation of the 
bulbus and a markedly enlarged extracranial mass 
in the frontoparietal region was noticeable. Radi-
ological findings revealed the invasion of the roof 
of the orbit, the frontal process of the zygomatic 
bone, the temporal squama, the greater wing of the 
sphenoid bone and the infratemporal fossa, while 
the primary intraparenchymal brain tumor was not 
present. Such a massive and destructive presenta-
tion of metastatic adenocarcinoma, which is as-
sumed to be of intestinal origin, is consistent with 
literature descriptions of the most aggressive forms 
of dissemination (7-9).

Leptomeningeal metastases are usually mani-
fested by diverse symptoms such as headache, al-
tered consciousness, focal neurological deficits and 
ophthalmological complaints, which was also the 
case with our patient (4,5,10). Biopsy of the tumor 
mass confirmed adenocarcinoma, emphasizing the 
importance of histopathological verification as the 
gold standard in diagnosis in patients with obscure 
bone lesions (4,11). Similar cases in the literature 
describe adenocarcinomas of the colon and duo-
denum that metastasize to intracranial structures, 
which is often associated with the systemic disease 
in the liver and skeleton (7,12).

The pathophysiological mechanism of adeno-
carcinoma metastases to the CNS is a complex pro-
cess. Tumor cells pass through local and regional 
lymph nodes, enter the systemic circulation and 
reach the brain and bones of the skull via the hema-
togenous route (13). This process requires cells to 
overcome the blood-brain barrier through specific 
interactions of tumor adhesion molecules with en-
dothelial receptors, with the secretion of enzymes 
that degrade the capillary basement membrane 
(13). Tumor cells’ tropism for the craniofacial bones 
in our patient can be explained by the expansion 
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Snaga ovog prikaza slučaja ogleda se u detalj-
noj radiološkoj i patohistološkoj dokumentaciji izu-
zetno retke kliničke prezentacije, koja doprinosi 
boljem razumevanju atipičnih metastatskih puteva 
gastrointestinalnih adenokarcinoma. Multidiscipli-
narni pristup omogućio je brzu dijagnostičku trijažu 
u urgentnim uslovima, uprkos kritičnom stanju bo-
lesnice. Ipak, fulminantni klinički tok i letalni ishod 
četvrtog dana hospitalizacije predstavljali su glavno 
ograničenje u radu, jer su onemogućili sprovođenje 
dodatne dijagnostike, poput endoskopskih pregleda 
ili citološke analize likvora, radi definitivne potvrde 
primarnog ishodišta i leptomeningealne infiltracije. 
Takođe, iako imunohistohemijski profil (CK20+, CK7 
fokalno+) snažno sugeriše gastrointestinalno pore-
klo, negativnost markera CDX2 ukazuje na potenci-
jalno nisku diferentovanost tumora, što naglašava 
dijagnostičku kompleksnost kod metastaza nepo-
znatog primarnog porekla.

Zaključak 
Leptomeningealne i kraniofacijalne metasta-

ze GI adenokarcinoma su retke forme diseminaci-
je sa izrazito nepovoljnom prognozom. Ovaj slučaj 
ilustruje da metastaze mogu biti prva manifestaci-
ja okultnog maligniteta, izazivajući dramatičnu kli-
ničku sliku. Iako imunohistohemija (pozitivnost na 
CK20) sugeriše gastrointestinalno poreklo, nega-
tivnost CDX2 ukazuje na potrebu za širim panelom 
markera (MUC2, SATB2) u sličnim slučajevima. Pra-
vovremena radiološka dijagnostika i multidiscipli-
narni pristup ostaju ključni za planiranje palijativnog 
zbrinjavanja pacijenata sa agresivnim sekundarnim 
depozitima u CNS-u.
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through the reticuloendothelial capillaries of the 
skull base, which leads to destructive expansion and 
pressure on the surrounding neurological and oph-
thalmic structures (8,9,13).

The prognosis of these patients remains very 
poor. The average survival after the diagnosis of 
leptomeningeal metastases rarely exceeds a few 
weeks, even with the application of intensive meas-
ures to support vital functions (5,8,11). This case 
highlights the need for high suspicion in patients 
with GI malignancies who develop acute neurolog-
ical symptoms, as early diagnosis using CT, MRI and 
histopathological analysis remains crucial for plan-
ning the palliative care (3-12).  

The strength of this case report is reflected in 
the detailed radiological and pathohistological doc-
umentation of an extremely rare clinical presenta-
tion, which contributes to a better understanding of 
the atypical metastatic pathways of gastrointestinal 
adenocarcinomas. The multidisciplinary approach 
enabled the rapid diagnostic triage in emergency 
conditions, despite the patient’s critical condition. 
However, the fulminant clinical course and the fa-
tal outcome on the fourth day of the hospitaliza-
tion represented the main limitation of the study, 
because they made it impossible to carry out addi-
tional diagnostics, such as endoscopic examinations 
or cytological analysis of the cerebrospinal fluid, 
for the definitive confirmation of the primary ori-
gin and leptomeningeal infiltration. Also, although 
the immunohistochemical profile (CK20+, CK7 fo-
cal+) strongly suggests the gastrointestinal origin, 
the negativity of the CDX2 marker indicates a po-
tentially low differentiation of the tumor, which em-
phasizes the diagnostic complexity in metastases of 
unknown primary origin.

Conclusion
Leptomeningeal and craniofacial metastases of 

GI adenocarcinoma are rare forms of dissemination 
with an extremely unfavorable prognosis. This case 
illustrates that metastases can be the first manifes-
tation of an occult malignancy, causing a dramatic 
clinical picture. Although immunohistochemistry 
(CK20 positivity) suggests a gastrointestinal origin, 
the negativity of CDX2 indicates the need for a wid-
er panel of markers (MUC2, SATB2) in similar cases. 
Timely radiological diagnostics and a multidiscipli-
nary approach remain crucial for planning the pal-
liative care of patients with aggressive secondary 
deposits in the CNS.   
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Slika 1. CT endokranijuma sa prikazom koštanog dela gde se uočava osteolitički proces kao posledica me-
tastatskog efekta adenokarcinoma

   

Slika 2. 3D rekonstrukcija kraniofacijalne regije na 
kojoj se uočava desnostrana destrukcija koštanog 

segmenta 

Slika 3. 3D rekonstrukcija kranijofacijalne regije. 
Desni profil.

 
Slika 4. 3D rekonstrukcija na osnovu koje se uoča-
va intrakranijalni prostor i baza lobanje
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Figure 1. CT scan of the endocranium showing the bony component, where an osteolytic process is 
observed as a consequence of the metastatic effect of adenocarcinoma

   

Figure 2. Three-dimensional reconstruction of 
the craniofacial region demonstrating right-sided 

destruction of a bony segment

Figure 3. Three-dimensional reconstruction of 
the craniofacial region. Right profile view.

Figure 4. Three-dimensional reconstruction illus-
trating the intracranial space and the skull base
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Slika 5. CT endokranijuma, prikaz parenhima

Slika 6. Bioptirani preparat metastatske promene. Fragment tkiva beličaste boje, umereno meke konzi-
stencije, ukupnih dimenzija 13x9x4 mm. Sav materijal uzet u rad u jedan kalup.
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Figure 5. CT scan of the endocranium showing the brain parenchyma

Figure 6. Biopsy specimen of a metastatic lesion. A fragment of whitish tissue with moderately soft con-
sistency, measuring 13 × 9 × 4 mm in total. All material was processed in a single paraffin block.
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