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SAZETAK

\

Uvod/cilj: Etiologija infektivnog endokarditisa je raznolika i kompleksna. Znacdajno se razlikuje u zavisnosti
od geografskog podrucja, socioekonomskih uslova, dostupnosti zdravstvene zastite i prevalencije predis-
ponirajucih faktora. Cilj ovog rada je analiza globalne geografske raspodele uzrocnika infektivnog endokar-
ditisa u 21. veku, sa fokusom na regionalne razlike u etiologiji, dijagnostici, terapiji i problemu antimikrob-
ne rezistencije.

Metode: Sprovedena je sekundarna analiza podataka. U obradi podataka koriS¢ena je deskriptivna stati-
stika radi kvantifikovanja ucestalosti uzro¢nika, zastupljenosti rezistentnih sojeva i regionalnih etioloskih
razlika.

Rezultati: U razvijenim regionima (Severna Amerika i Zapadna Evropa) dominira Staphylococcus aureus,
Cesto povezan sa zdravstvenom negom (30—-35%) i visokom stopom MRSA rezistencije (do 28%). Nasuprot
tome, u zemljama u razvoju i dalje su zastupljeniji streptokoki, uz perzistenciju reumatske bolesti srca. Do-
stupnost transezofagealne ehokardiografije (TEE) i hirurSkog lecenja znacajno je veca u razvijenim zemlja-
ma, Sto direktno utie na niZu stopu mortaliteta (14—15%) u odnosu na regione sa ograni¢enim resursima
(22%).

Zakljucak: Infektivni endokarditis evoluirao je u bolest povezanu sa savremenom medicinom i starenjem
populacije u razvijenim zemljama, dok u ostatku sveta ostaje bolest povezana sa nepovoljnim socioeko-
nomskim uslovima. Visok mortalitet i rastu¢a antimikrobna rezistencija zahtevaju globalnu standardizaci-

ju dijagnostike i lokalno prilagodene terapijske strategije.

Kljucne reci: infektivni endokarditis, uzrocnici, globalna rasprostranjenost, ehokardiografija
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Uvod

Infektivni endokarditis (IE) predstavlja ozbilj-
no, potencijalno Zivotno ugroZavajuée oboljenje
koje karakterise inflamacija i infekcija endokarda,
prvenstveno sréanih zalistaka, ali i drugih struktura
endokarda ili ugradenih intrakardijalnih uredaja (1).
Bolest nastaje kao posledica kolonizacije endokarda
mikroorganizmima, najéesée bakterijskim, koji dos-
pevaju u krvotok, pri cemu se formiraju vegetacije
sastavljene od fibrina, trombocita i patogena. Kli-
nicki tok infektivnog endokarditisa varira u zavisno-
sti od uzrocénika, osnovnog stanja srca, dijagnoze i
leCenja i moZe biti akutan, subakutan ili hronican,
sa Sirokim spektrom simptoma — od nespecifi¢nih
sistemskih znakova infekcije, poput febrilnosti i ma-
laksalosti, do teskih komplikacija kao Sto su sréana

insuficijencija, embolijski dogadaji i multiorganska
disfunkcija (2). Uprkos savremenim dijagnosti¢kim i
terapijskim mogucnostima, infektivni endokarditis i
dalje nosi visoku stopu mortaliteta i morbiditeta (3).

Etiologija infektivnog endokarditisa je raznoli-
ka i kompleksna. Znacajno se razlikuje u zavisnosti
od geografskog podrucja, socioekonomskih uslova,
dostupnosti zdravstvene zastite i prevalencije pre-
disponirajucih faktora. Tradicionalno, streptokoki
grupe viridans su bili najéesc¢i uzrocnici endokardi-
tisa, narocito kod pacijenata sa ranijim oste¢enjem
zalistaka (4). Medutim, tokom poslednjih deceni-
ja primecen je znacajan porast infekcija izazvanim
Staphylococcus aureus, koji danas predstavlja naj-
vaznijeg i najagresivnijeg uzrocnika, ukljucujuéi i
metilin-rezistentne sojeve (MRSA). Ovaj trend se
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SUMMARY

\

Introduction/Aim: The etiology of infective endocarditis is diverse and complex. It varies significantly de-
pending on geographical region, socioeconomic conditions, healthcare availability, and the prevalence of
predisposing factors. The aim of this paper is to analyze the global geographical distribution of infective
endocarditis pathogens in the 21st century, focusing on regional differences in etiology, diagnostics, ther-
apy, and antimicrobial resistance.

Methods: A secondary data analysis was conducted. Descriptive statistics were used to quantify pathogen
frequency, the prevalence of resistant strains, and regional etiological differences.

Results: In developed regions (North America and Western Europe), Staphylococcus aureus predominates,
often associated with healthcare settings (30-35%) and high rates of MRSA resistance (up to 28%). Con-
versely, in developing countries, streptococci remain more prevalent, alongside the persistence of rheu-
matic heart disease. The availability of transesophageal echocardiography (TEE) and surgical treatment is
significantly higher in developed countries, which directly contributes to a lower mortality rate (14-15%)
compared to resource-limited regions (22%).

Conclusion: Infective endocarditis has evolved into a disease associated with modern medicine and aging
populations in developed countries, while in the rest of the world, it remains strongly associated with low
socioeconomic conditions. High mortality and increasing resistance necessitate the global standardization

NS

of diagnostics and locally adapted therapeutic strategies.

Keywords: infective endocarditis, causative agents, global distribution, echocardiography
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Introduction

Infective endocarditis (IE) is a serious, potential-
ly life-threatening disease, characterized by inflam-
mation and infection of the endocardium, primarily
heart valves, but also other structures of the endo-
cardium or implanted intracardiac devices (1). This
disease occurs as the consequence of the coloniza-
tion of the endocardium by microorganisms (often
bacterial) that enter the bloodstream, where vege-
tations composed of fibrin, platelets and pathogens
are formed. The clinical course of infective endocar-
ditis varies depending on the causative agent, un-
derlying heart condition, diagnosis and treatment
and it can be acute, subacute or chronic, with a wide
range of symptoms —from non-specific signs of in-
fection, such as fever and malaise, to severe com-

plications (heart failure, embolic events and multi-
organ dysfunction) (2). Despite modern diagnostic
and therapeutic possibilities, infective endocarditis
still carries high mortality and morbidity rates (3).
The etiology of infective endocarditis is diverse
and complex. It varies significantly depending on
the geographic region, socioeconomic conditions,
availability of health care and prevalence of predis-
posing factors. Traditionally, viridans streptococci
are the most common causes of endocarditis, es-
pecially in patients with the previous heart valve
damage (4). However, in recent decades, there has
been a significant increase in infections caused by
Staphylococcus aureus, which are the most impor-
tant and aggressive agents today, including the me-
thicillin-resistant strains (MRSA), which is associated

© 2026 Health Care.
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dovodi u vezu sa porastom invazivnih medicinskih
procedura, ucestalijom primenom intravaskularnih
kateterai intravenske upotrebe droga (5).

Globalna distribucija uzrocnika endokarditisa
pokazuje izrazene regionalne razlike. U razvijenim
zemljama Severne Amerike, Zapadne Evrope i Skan-
dinavije dominiraju stafilokokne infekcije, Cesto
povezane sa zdravstvenom negom (engl. healthca-
re-associated endocarditis), dok su u siromasnijim
i nerazvijenijim zemljama sa nizim i srednjim priho-
dima i dalje cesci streptokoki i enterokoki, narocito
zbog reumatske bolesti srca koja ostaje jedan od
znacajanih faktora rizika. Ove razlike odrazavaju ne
samo varijacije u epidemiologiji patogena, veé i ra-
zlike u dostupnosti preventivne zdravstvene zastite,
stomatoloske nege i ranog lecenja infekcija (6).

LeCenje infektivnog endokarditisa je komplek-
sno i teSko. Poseban izazov u savremenom lecenju
infektivnog endokarditisa predstavlja rastuéa an-
timikrobna rezistencija. Pojava multirezistentnih
bakterijskih sojeva, uklju¢ujuc¢i MRSA (meticilin-re-
zistentni S. aureus), vankomicin-rezistentne ente-
rokoke (VRE) i gram-negativne patogene sa prosi-
renom rezistencijom, znacajno otezava terapijske
procedure i uti¢e na ishod bolesti. Neadekvatna i
prekomerna upotreba antibiotika, dodatno dopri-
nosi ovom globalnom problemu, ¢inedi izbor efika-
sne empirijske terapije sve zahtevnijim.

Dijagnoza infektivnhog endokarditisa se postav-
lia kombinacijom klini¢kih kriterijuma, mikrobiolos-
kih nalaza i vizualizacionih metoda, pri ¢emu modi-
fikovani Duke kriterijumi predstavljaju standardizo-
vani dijagnosticki okvir (7).

Hemokulturesu kljuéne za identifikaciju uzro¢-
nika i odredivanje antimikrobne osetljivosti, dok
ehokardiografija (zlatni standard) ima najvazniju
slikovnu ulogu u detekciji vegetacija i proceni oste-
¢enja sréanih struktura. Ipak, u pojedinim regionima
sveta ogranicen pristup savremenim dijagnosti¢kim
metodama moze dovesti do kasnjenja u postavlja-
nju dijagnoze i zapocinjanja adekvatne terapije.

S obzirom da etiologija infektivnog endokarditi-
sa nije univerzalna i razlikuje se od geografskog re-
giona, ekonomskog statusa i rastuc¢eg problema an-
timikrobne rezistencije, neophodno je sagledati ovu
bolest u Sirem epidemioloskom i geografskom kon-
tekstu. Razumevanje regionalnih obrazaca uzrocni-
ka i njihove rezistencije predstavlja osnovu za unap-
redenje preventivnih strategija, racionalnu primenu
antibiotika i optimizaciju terapijskih protokola.

Cilj ovog rada je da prikaze i analizira globalnu

geografsku raspodelu uzrocnika infektivnog endo-
karditisa u 21. veku, sa posebnim osvrtom na etio-
loske razlike izmedu razli¢itih regiona sveta. Akcenat
je stavljen na promene u dominaciji mikroorganiza-
ma, ucestalost pojedinih patogena i njihov odnos sa
savremenim faktorima rizika, ukljuéujuéi invazivne
medicinske procedure i upotrebu intravaskularnih
uredaja. Kao glavni izazov u lecenju istice se pro-
blem antimikrobne rezistencije, njen uticaj na izbor
terapije i ishode lecenja, kao i na znacaj regionalno
prilagodenih dijagnostickih i terapijskih strategija u
savremenoj klinickoj praksi.

Metode

U ovom radu sprovedena je sekundarna anali-
za podataka o infektivnom endokarditisu sa ciljem
sagledavanja globalne geografske raspodele uzro¢-
nika, etioloskih obrazaca i problema antimikrobne
rezistencije u 21. veku. Posebna paznja posveéena
je poredeniju razvijenih i nerazvijenih regiona, kao i
uticaju zdravstvenih sistema na dijagnostiku i tera-
piju infektivnog endokarditisa. Prva faza istrazivanja
obuhvatila je sistematsku pretragu naucne literatu-
re u medunarodnim bazama podataka kao Sto su
PubMed, Scopus, Web of Science i Google Scholar.
Pretraga je obuhvatila radove objavljene u periodu
od 2005. do 2025. godine, sa fokusom na epidemi-
ologiju infektivnog endokarditisa, etioloske uzroc-
nike, antimikrobnu rezistenciju i regionalne razlike
u klinickoj praksi. Ukljuéeni su originalni istrazivacki
radovi, meta-analize, sistematski pregledi i relevan-
tne klini¢ke studije na engleskom jeziku.

U okviru ove sekundarne analize podataka
ukljuéeni su podaci iz velikih multicentri¢nih i nacio-
nalnih epidemioloskih studija, pruzajuci uvid u inci-
denciju i etiologiju infektivnog endokarditisa Sirom
sveta. Analiza je obuhvatila vremenske promene u
etioloskoj strukturi, sa posebnim akcentom na po-
rast udela stafilokoknih infekcija i zdravstveno-aso-
ciranog endokarditisa. Posebno su razmotrene ra-
zlike u pristupu lec¢enju koje proisti¢u iz regionalne
dostupnosti antibiotika i dijagnostickih metoda (8).
Podaci o rezistenciji uzro¢nika infektivnog endo-
karditisa prikupljeni su iz studija koje su se bavile
mikrobioloskim profilima izolovanih patogena i nji-
hovom osetljivoséu na antibiotike. Poseban fokus
stavljen je na meticilin-rezistentni Staphylococcus
aureus (MRSA) globalno najvazniji rezistentni pato-
gen, vankomicin-rezistentne enterokoke (posebno
Enterococcus faecium - VREfm) i druge multirezi-
stentne mikroorganizme.
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with the increase in invasive medical procedures,
more frequent use of intravascular catheters and in-
travenous drug use (5).

The global distribution of causative agents of
endocarditis shows pronounced regional differenc-
es. In the developed countries of North America,
Western Europe and Scandinavia, staphylococcal
infections are dominant, and often associated with
healthcare, while in poorer and developing coun-
tries with low and middle incomes, streptococci and
enterococci are still more common, especially due
to rheumatic heart disease, which remains one of
significant factors. These differences reflect not only
variations in the etiology of pathogens, but also dif-
ferences in the availability of preventive health care,
dental care and early treatment of infections (6).

The treatment of infective endocarditis is com-
plex and difficult. A special challenge in the modern
treatment of infective endocarditis is the growing
antimicrobial resistance. The emergence of mul-
ti-resistant bacterial strains, including MRSA (me-
thicillin-resistant S.aureus), vancomycin-resistant
enterococci (VRE) and extensively drug-resistant
gram-negative pathogens, significantly complicates
therapeutic procedures and affects the outcome of
the disease. The inadequate and excessive use of
antibiotics further contributes to this global prob-
lem, thus making the selection of effective empiric
therapy increasingly demanding.

The diagnosis of infective endocarditis is es-
tablished using the combination of clinical criteria,
microbiological findings and visualization methods,
where modified Duke criteria represent a standard-
ized diagnostic framework (7).

Blood cultures are crucial for identifying the
causative agent and determining antimicrobial sen-
sitivity, while echocardiography (gold standard) has
the most important imaging role in the detection of
vegetations and assessment of damage to cardiac
structures. However, in certain regions of the world,
limited access to modern diagnostic methods can
lead to delays in establishing the diagnosis and start-
ing adequate therapy.

Given that the etiology of infective endocarditis
is not universal and varies depending on the geo-
graphical region, economic status, and the growing
problem of antimicrobial resistance, it is necessary
to consider this disease in a broader epidemiologi-
cal and geographical context. Understanding the re-
gional patterns of pathogens and their resistance is
the basis for improving preventive strategies, ration-

al use of antibiotics and optimization of therapeutic
protocols.

The aim of this study is to present and analyze
the global geographical distribution of the causative
agent of infective endocarditis in the 21 centu-
ry, with special reference to etiological differences
between different regions of the world. Emphasis
is placed on changes related to the dominance of
microorganisms, the frequency of certain patho-
gens and their relationship with modern risk fac-
tors, including invasive medical procedures and the
use of intravascular devices. The main challenge in
the treatment is the problem of antimicrobial resist-
ance, whose influence on the selection of therapy
and treatment outcomes is also considered. In ad-
dition, the significance of regionally adapted diag-
nostic and therapeutic strategies in modern clinical
practice is pointed to.

Methods

In this study, the secondary analysis of data on
infective endocarditis was conducted with the aim
of realizing the global geographical distribution of
causative agents, etiological patterns and the prob-
lem of antimicrobial resistance in the 21 century. A
special attention was paid to the comparison of de-
veloped and developing regions, as well as to the in-
fluence of healthcare systems on the diagnosis and
treatment of infective endocarditis. The first phase
of the research included a systematic search of sci-
entific literature in international databases such
as PubMed, Scopus, Web of Science and Google
Scholar. The search included studies published from
2005 to 2025, with a focus on the epidemiology of
infective endocarditis, etiological agents, antimicro-
bial resistance and regional differences in clinical
practice. Original scientific papers, meta-analyses,
systematic reviews and relevant clinical studies pub-
lished in English were included.

The secondary data analysis included data from
large multicenter and national epidemiological stud-
ies, providing insight into the incidence and etiology
of infective endocarditis worldwide. The analysis in-
cluded temporal changes in the etiological structure,
with special emphasis on the increase in the share
of staphylococcal infections and healthcare-associ-
ated endocarditis. Differences related to the access
to treatment resulting from the regional availability
of antibiotics and diagnostic methods were particu-
larly discussed (8). Data on the resistance of caus-
ative agents of endocarditis were obtained from

11



Zdravstvena zastita 55(1), 2026

U obradi podataka koris¢ena je deskriptivna
statistika kako bi se kvantifikovala ucestalost uzroc-
nika, zastupljenost rezistentnih sojeva i regionalne
etioloske razlike.

Posto se rad temelji iskljuéivo na analizi sekun-
darnih (ve¢ objavljenih) podataka, nije bilo potrebe
za etickim odobrenjem ili uklju¢ivanjem ispitanika.
Tokom istrazivanja strogo su postovani nauéno-etic-
ki principi (9).

Rezultati

Analiza literaturnih podataka pokazuje da po-
stoji evidentna regionalna razlika u dominantnim
uzro€nicima infektivnog endokarditisa. U razvije-
nim zemljama Severne Amerike i Zapadne Evrope,

Staphylococcus aureus predstavlja najéeséi uzrok
infektivnog endokarditisa, dok su u zemljama sa ni-
Zim socioekonomskim statusom i dalje zastupljeniji
streptokoki viridans grupe (grafikon 1).

Najveca ucestalost zdravstveno-asociranog in-
fektivnog endokarditisa je zabeleZzena u Severnoj
Americi (35% svih slucajeva infektivnog endokardi-
tisa), zatim u Zapadnoj Evropi (30%), Istocnoj Evro-
pi (22%) i u zemljama u razvoju (15%) (grafikon 2).
Zdravstveno-asocirani infektivni endokarditis cesce
se javlja kod starije populacije, kao i kod lica sa ve-
¢im brojem komorbiditeta i ¢eSéom hospitalizaci-
jom.

Analiza rezistencije pokazuje znacajne regio-
nalne razlike u prisustvu multirezistentnih sojeva,

Grafikon 1. Procentualno ucesce najcesc¢ih uzro€nika infektivnog endokarditisa po regionima
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studies that dealt with the microbiological profiles
of isolated pathogens and their sensitivity to antibi-
otics. Special focus was placed on methicillin-resist-
ant Staphylococcus areus (MRSA), which is the most
important resistant pathogen globally, vancomy-
cin-resistant enterococci (especially Enterococcus
faecium — VREfm) and other multiresistant micro-
organisms.

Descriptive statistics was used for the analysis
of data in order to quantify the frequency of caus-
ative agents, the presence of resistant strains and
regional etiological differences.

Since this study is based solely on the analysis
of secondary (already published) data, there was
no need for ethical approval or the inclusion of sub-

jects. Scientific-ethical principles were strictly ad-
hered to during research (9).

Results

The analysis of literature data shows that there
is an evident regional difference in the dominant
causative agents of infective endocarditis. In the
developed countries of North America and Western
Europe, Staphylococcus aureus is the most common
cause of infective endocarditis, while in countries
with a lower socioeconomic status, viridans strep-
tococci are still more prevalent (Figure 1).

The highest frequency of healthcare-associated
infective endocarditis is registered in North America
(35% of all cases of infective endocarditis), followed

Figure 1. Percentage distribution of the most common causes of infectious
endocarditis by regions
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Figure 2. Prevalence of healthcare-associated infective endocarditis in the total disease
structure by geographical region
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posebno kod stafilokoknih i enterokoknih infekcija.
Ucestalost MRSA medu Staphylococcus aureus izo-
latima je najveca u Severnoj Americi (28%), zatim u
Zapadnoj Evropi (22%), Istocnoj Evropi (18%) i u ze-
mljama u razvoju (12%) (grafikon 3). Vankomicin-re-
zistentni enterokoki (VRE) dominiraju u Severnoj
Americi (15%), dok su redi u Zapadnoj Evropi (10%),
Istocnoj Evropa (7%) i u zemljama u razvoju (5%).

U svim analiziranim regionima, transtorakalna
i transezofagealna ehokardiografija predstavljaju
osnovne dijagnosticke metode. Medutim, dostu-
pnost naprednih dijagnosti¢kih procedura znacajno

varira. Upotreba transezofagealne ehokardiografije
(TEE) najceséa je u Severnoj Americi (85% pacijena-
ta) i Zapadnoj Evropi (80%), a zatim u Isto¢noj Evropi
(65%) i zemljama u razvoju (50%) (grafikon 4). Pozi-
tivne hemokulture pre zapocinjanja terapije su naj-
cesce u Severnoj Americi (78%) i Zapadnoj Evropi
(75%), a zatim u Isto¢noj Evropi (68%) i u zemljama
u razvoju (60%).

Rezultati pokazuju da je hirursko lecenje naj-
¢esce u razvijenim zemljama, Sto se dovodi u vezu
sa boljom dostupnoséu kardiohirurskih centara i
ranijim prepoznavanjem komplikacija. Ucestalost

Grafikon 3. Procentualna zastupljenost rezistentnih uzro¢nika infektivnog
endokarditisa medu regionima
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by Western Europe (30%), Eastern Europe (22%)
and developing countries (15%) (Figure 2). Health-
care-associated endocarditis occurs more frequent-
ly in the elderly population, as well as in persons
with a greater number of comorbidities and more
frequent hospitalizations.

The analysis of resistance shows significant re-
gional differences related to the presence of mul-
ti-resistant strains, especially in staphylococcal and
enterococcal infections. Among Staphylococcus au-
reus isolates, MRSA is the highest in North Ameri-
ca (28%), and somewhat lower in Western Europe

(22%), Eastern Europe (18%) and developing coun-
tries (12%) (Figure 3). Vancomycin-resistant entero-
cocci (VRE) are dominant in North America (15%),
and less present in Western Europe (10%), Eastern
Europe (7%) and developing countries (5%).

In all analyzed regions, transthoracic and trans-
esophageal echocardiography are the main diag-
nostic methods. However, the availability of ad-
vanced diagnostic procedures varies considerably.
The use of transesophageal echocardiography (TEE)
is most common in North America (85% of patients)
and Western Europe (80%), followed by Eastern Eu-

Figure 3. Percentage of resistant pathogens in infective endocarditis by regions
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Figure 4. Diagnostic methods in infective endocarditis by regions
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hirurskih intervencija je najvec¢a u Severnoj Americi
(32%), zatim u Zapadnoj Evropi (28%), Isto¢noj Evro-
pi (20%) i u zemljama u razvoju (15%) (grafikon 5).
Hospitalni letalitet usled infektivnog endokarditisa
je bio najvisi u Isto¢noj Evropi (18%) i u zemljama u
razvoju (22%), dok je nizi u Severnoj Americi (15%) i
u Zapadnoj Evropi (14%).

Diskusija

Rezultati ovog rada ukazuju na izrazene i kom-
pleksne regionalne razlike u etiologiji, epidemiolo-
giji, dijagnostici, terapijskim pristupima i ishodima
infektivnog endokarditisa u 21. veku. Ove razlike
predstavljaju posledicu delovanja brojnih fakto-
ra, ukljuCujuci demografske promene, nivo razvoja
zdravstvenog sistema, dostupnost savremenih di-
jagnostickih i terapijskih procedura, kao i globalni

Grafikon 5. Ucestalost hirurskih intervencija i letalitet kod infektivnog endokarditisa (%)

Zemlje u razvoju / Developing countries

|stoEna Evropa / Eastern Europe

Zapadna Evropa / Western Europe

Severna Amerika / Morth America

(=]
o
=
(=1

B Hirurke intervencije (%) / Surgical interventions (%)

porast antimikrobne rezistencije kao jednog od naj-
vecih izazova. Jedan od najznacajnijih nalaza odnosi
se na promenu etioloskog spektra infektivnog en-
dokarditisa. U razvijenim zemljama Severne Ame-
rike i Zapadne Evrope, Staphylococcus aureus se
jasno izdvaja kao najcesci uzrocnik, Sto predstavlja
znacajan pomak u odnosu na ranije decenije, kada
su streptokoki viridans grupe bili najéesc¢i patogeni.
Ova promena mozZe se dovesti u vezu sa starenjem
populacije, visokom ucestaloséu hroni¢nih bolesti,
¢estom primenom intravaskularnih katetera, hemo-
dijalize i implantabilnih kardijalnih uredaja (5). Tako-
de, porast intravenske upotrebe droga u pojedinim
regionima dodatno doprinosi veéoj ucestalosti stafi-
lokoknog endokarditisa, narocito kod mladih pacije-
nata (10).

Nasuprot tome, u zemljama sa nizim i sred-
njim prihodima i dalje je izraZzena visoka ucestalost
streptokoknog endokarditisa, Sto se delimi¢no moze
objasniti perzistencijom reumatske bolesti srca kao
znacajnog predisponirajuéeg faktora (9). Nedovolj-
na dostupnost preventivne zdravstvene zastite,
ogranicen pristup redovnoj stomatoloskoj nezi i ka-

15 20 25 a0 a5 40 45 50

M Latalitet (%) / Case fatality rate (%)

sno lecenje infekcija gornjih disajnih puteva dodat-
no povecavaju rizik od nastanka bolesti. Ovi nalazi
naglasavaju znacaj socijalnih i ekonomskih determi-
nanti zdravlja u formiranju globalne epidemiologije
infektivnog endokarditisa.

Problem antimikrobne rezistencije predstav-
lia jedan od najvecih izazova u savremenom lece-
nju infektivnog endokarditisa u 21. veku. Rezultati
istrazivanja ukazuju na visu ucestalost meticilin-re-
zistentnog Staphylococcus aureus (MRSA), globalno
najvaznijeg rezistentnog patogena u infektivnom
endokarditisu, koji je povezan sa vecom stopom
komplikacija, duzom hospitalizacijom i pove¢anom
smrtnoséu, kao i na prisustvo vankomicin-rezisten-
tnih enterokoka u razvijenim regionima, narocito u
Severnoj Americi. Ovaj trend se moze povezati sa
dugogodisnjom i ¢esto nekontrolisanom primenom
antibiotika, kako u bolnickim uslovima, tako i u am-
bulantnoj praksi. Antimikrobna rezistencija znacaj-
no komplikuje terapijski pristup, produzava trajanje
hospitalizacije i povecava rizik od neZeljenih ishoda,
ukljuéujuci smrtni ishod (6).

U regionima sa ogranicenim resursima, niza do-
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rope (65%) and developing countries (50%) (Figure
4). Positive blood cultures before starting the ther-
apy are most common in North America (78%) and
Western Europe (75%), followed by Eastern Europe
(68%) and developing countries (60%).

The results show that surgical treatment is
most common in developed countries, which is as-
sociated with better availability of cardiac surgery
centers and earlier recognition of complications.

The frequency of surgical interventions is highest in
North America (32%), and much lower in Western
Europe (28%), Eastern Europe (20%) and in devel-
oping countries (15%) (Figure 5). Hospital mortali-
ty caused by infective endocarditis was highest in
Eastern Europe (18%) and in developing countries
(22%), while it was much lower in North America
(15%) and Western Europe (14%).

Figure 5. Frequency of surgical interventions and case fatality rate in infective
endocarditis (%)
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Discussion

Theresults of this study point to pronounced and
complex regional differences related to etiology, epi-
demiology, diagnostics, therapeutic approaches and
outcomes of infective endocarditis in the 21** centu-
ry. These differences are the result of the action of
numerous factors, including demographic changes,
the level of development of the health system, the
availability of modern diagnostic and therapeutic
procedures, as well as the global increase in anti-
microbial resistance as the biggest challenge. One
of the most significant findings refers to the change
in the etiological spectrum of infective endocarditis.
In developed countries of North America and West-
ern Europe, Staphylococcus aureus clearly stands
out as the most common causative agent, which
represents a significant shift compared to previous
decades, when viridans streptococci were the most
common pathogens. The change can be associated
with the aging of the population, the high frequency
of chronic diseases, the frequent use of intravascu-
lar catheters, hemodialysis and implantable cardiac
devices (5). Also, the increase in intravenous drug
use in certain regions additionally contributes to the
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higher frequency of staphylococcal endocarditis, es-
pecially in younger patients (10).

In contrast, in low- and middle-income coun-
tries, high frequency of streptococcal endocarditis
is still pronounced, which can be partly explained
by the persistence of rheumatic heart disease as a
significant predisposing factor (9). The insufficient
availability of preventive health care, limited access
to regular dental care and late treatment of upper
respiratory tract infections further increase the risk
of developing the disease.

The problem of antimicrobial resistance repre-
sents one of the greatest challenges in the modern
treatment of infective endocarditis in the 21* centu-
ry. Research results point to the higher frequency of
methicillin-resistant Staphylococcus aureus (MRSA),
the most important resistant pathogen in infective
endocarditis at the global level, which is associated
with a higher rate of complications, longer hospital-
ization and high mortality, and vancomycin-resist-
ant enterococci in developed regions, especially in
North America. This trend can be associated with
the long-term and often uncontrolled use of an-
tibiotics, both in hospital conditions and in outpa-
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kumentovana stopa rezistencije ne mora pokazati
realno stanje, ve¢ moze biti posledica malog broja
mikrobioloskih analiza i ograni¢ene laboratorijske
infrastrukture. U takvim uslovima, empirijska te-
rapija se Cesto sprovodi bez preciznog poznavanja
uzrocnika i njegove osetljivosti, Sto moZe doprineti
neuspehu terapije i daljem razvoju rezistencije. Ovi
nalazi ukazuju na potrebu za ja¢anjem mikrobiolos-
kih kapaciteta i standardizacijom dijagnostickih pro-
cedura na globalnom nivou (11).

Dijagnostika infektivnog endokarditisa pred-
stavlja poseban izazov zbog &esto nespecifi¢nih kli-
ni¢kih simptoma i varijabilnog toka bolesti. U razvi-
jenim zdravstvenim sistemima, Siroka dostupnost
transezofagealne ehokardiografije, naprednih sli-
kovnih metoda i savremenih laboratorijskih testova
omogucava ranije i preciznije postavljanje dijagno-
ze. Suprotno tome, u regionima sa slabije razvije-
nom zdravstvenom infrastrukturom, dijagnoza se
cesto postavlja kasno, kada su veé prisutne ozbiljne
komplikacije poput embolijskih dogadaja ili sréane
insuficijencije (12). Ovakva kasnjenja direktno uticu
na loSije terapijske ishode i viSu stopu mortaliteta
(1,12).

Terapijski pristupi infektivnom endokarditisu
znacajno variraju Sirom sveta zbog dostupnosti re-
sursa, finansijskih ograni¢enja i zdravstvenih siste-
ma. U razvijenim zemljama, multidisciplinarni tim-
ski pristup, koji ukljucuje kardiologe, mikrobiologe,
infektologe i kardiohirurge, postaje standard u le-
¢enju infektivnog endokarditisa (1). Ovakav pristup
omogucava pravovremeno donoSenje odluka o hi-
rurSkoj intervenciji, optimizaciju antimikrobne te-
rapije i bolju kontrolu komplikacija. U regionima sa
ograni¢enim resursima, ovakav model lecenja ¢esto
nije dostupan, Sto moZze predstavljati veliki problem
za tok bolesti.

Hirursko lecenje predstavlja kljuéni terapijski
modalitet kod odredenog broja pacijenata, narocito
onih sa teskim valvularnim ostec¢enjima, perzisten-
tnom bakterijemijom ili ponovljenim embolijskim
dogadajima. Vise od 50% pacijenata sa infektivnim
endokarditisom u razvijenim zemljama podvrgava
se hirurskoj intervenciji (9). Veca ucestalost hirur-
Skih intervencija u razvijenim zemljama moZze uka-
zivati na bolju dostupnost specijalizovanih centara,
ali i na agresivniji terapijski pristup. S druge strane,
nize stope hirurSkog le¢enja u zemljama u razvoju
Cesto su posledica kasnog upucivanja pacijenata ili
nedostatka tehnickih i kadrovskih kapaciteta, Sto
negativno utice na prognozu.

Mortalitet povezan sa infektivnim endokarditi-
som i dalje ostaje visok Sirom sveta, uprkos napret-
ku medicine (6,9). Vece stope smrtnosti u regionima
sa slabije razvijenim zdravstvenim sistemima nagla-
Savaju znacaj ranog prepoznavanja bolesti, adekvat-
ne terapije i organizacije zdravstvene zastite. Ovi po-
daci ukazuju na potrebu za globalnim strategijama
koje bi unapredile prevenciju, dijagnostiku i le¢enje
infektivnog endokarditisa, uz uvazavanje lokalnih
specificnosti.

Neka istraZivanja ukazuju da infektivni endokar-
ditis viSe nije bolest mladih osoba sa urodenim sr-
¢anim manama (kako je bilo u proslosti), ve¢ sve Ce-
Sée pogada stariju populaciju (iznad 65-70 godina)
(13). Kod starijih osoba glavni faktori rizika su dege-
nerativne promene zalistaka, dijabetes, maligniteti
i ¢eSéi kontakti sa zdravstvenim sistemom (bolnicke
infekcije). Ovi pacijenti ¢esto imaju atipi¢ne simpto-
me, Sto dovodi do kasnijeg postavljanja dijagnoze.
Stariji pacijenti rede se upucuju na hirursko leenje
zbog visokog rizika i komorbiditeta i imaju loSiju pro-
gnozu u poredenju sa mladom populacijom.

Prevencija infektivnog endokarditisa predstav-
lja vazan, ali ¢esto zanemaren aspekt zdravstvene
zastite. Edukacija pacijenata sa visokim rizikom, ra-
cionalna primena antibiotika i unapredenje bolni¢-
ke kontrole infekcija kljuéni su elementi u smanjenju
incidencije bolesti (1,8). Takode, kontinuirana edu-
kacija zdravstvenih radnika o savremenim smernica-
ma i obrascima rezistencije moze doprineti boljem
upravljanju ovom boleséu.

Uprkos znadajnom napretku u razumevanju
patogeneze i terapije infektivnog endokarditisa, re-
zultati ovog rada jasno ukazuju da regionalne razli-
ke i dalje predstavljaju ozbiljan izazov (10). Razvoj
medunarodnih vodic¢a koji uzimaju u obzir lokalnu
epidemiologiju i obrasce rezistencije, kao i jaCanje
zdravstvenih sistema u nerazvijenim regionima,
predstavljaju klju¢ne korake ka smanjenju globalnog
tereta ove bolesti. Dalja istrazivanja, medunarodna
saradnja i ulaganje u zdravstvenu infrastrukturu ne-
ophodni su za unapredenje ishoda i kvaliteta Zivota
pacijenata obolelih od infektivhog endokarditisa.

Zakljucak

Rezultati istrazivanja potvrduju da je infektivni
endokarditis u 21. veku doZiveo znacajnu epidemi-
olosku transformaciju, obelezenu dominacijom sta-
filokoka i porastom rezistentnih sojeva u razvijenim
regionima. Ipak, perzistencija reumatske bolesti
srca i ograniceni dijagnosticki resursi u zemljama u
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tient practice. Antimicrobial resistance significantly
complicates the therapeutic approach, prolongs the
duration of hospitalization and increases the risk of
adverse outcomes, including mortality (6).

In regions with limited resources, the lower
registered resistance rate may not reflect the real
situation, but may be the consequence of a small
number of microbiological analyses and limited
laboratory infrastructure. In these conditions, em-
piric therapy is often implemented without precise
knowledge of the causative agent and its sensitivity,
which could contribute to the failure of therapy and
the further development of resistance. These find-
ings point to the need to strengthen microbiological
capacities and standardize diagnostic procedures at
the global level (11).

The diagnosis of infective endocarditis is a par-
ticular challenge due to frequently non-specific clin-
ical symptoms and variable course of the disease. In
developed healthcare systems, the wide availability
of transesophageal echocardiography, advanced im-
aging methods, and modern laboratory tests enable
earlier and more accurate diagnosis. In contrast, in
regions with a less developed healthcare infrastruc-
ture, diagnosis is often established late, when seri-
ous complications such as embolic events or heart
failure are already present (12). Such delays directly
influence worse therapeutic outcomes and a higher
mortality rate (1,11).

Therapeutic approaches to infective endocar-
ditis vary significantly worldwide due to the availa-
bility of resources, financial constraints, and health-
care systems. In developed countries, a multidis-
ciplinary team approach, which includes cardiolo-
gists, microbiologists, infectious disease specialists
and cardiac surgeons, is becoming the standard in
the treatment of infective endocarditis (1). This ap-
proach enables timely decision making on surgical
intervention, optimization of antimicrobial therapy
and better control of complications. In regions with
limited resources, this model of treatment is often
not available, which can be a major problem for the
course of the disease.

Surgical treatment is a key form of therapy in
a certain number of patients, especially those with
severe valvular damage, persistent bacteremia, or
repeated embolic events. More than 50% of pa-
tients with infective endocarditis in developed
countries undergo surgical intervention (9). A high-
er frequency of surgical interventions in developed
countries may indicate a better availability of spe-

cialized centers, but also a more aggressive thera-
peutic approach. On the other hand, lower rates of
surgical treatment in developing countries are of-
ten the result of late referral of patients or lack of
technical and personnel capacity, which negatively
affects the prognosis.

Mortality associated with infective endocarditis
remains high worldwide, despite medical advances
(6,9). Higher mortality rates in regions with less de-
veloped health systems emphasize the significance
of early disease recognition, adequate therapy and
organization of health care. These data indicate the
need for global strategies that would improve the
prevention, diagnosis and treatment of infective en-
docarditis, while respecting local specificities.

Some studies indicate that infective endocar-
ditis is no longer a disease of young people with
congenital disorders (as it was in the past), but in-
creasingly a disease of the elderly (over 65 or 70
years old) (13). In the elderly, the main risk factors
are degenerative changes in the valves, diabetes,
malignancies and more frequent contacts with the
healthcare system (hospital infections). Thus, el-
derly people often have atypical symptoms, which
leads to a later diagnosis. Elderly patients are less
likely to undergo a surgery (due to high surgical
risk and comorbidities) and have a worse prognosis
compared to younger population.

The prevention of infective endocarditis is an
important but often neglected aspect of healthcare.
The education of high-risk patients, the rational use
of antibiotics and the improvement of hospital con-
trol of infections are key elements in reducing the
incidence of disease (1,8). Also, the continuous ed-
ucation of healthcare workers about modern guide-
lines and resistant patterns can contribute to better
management of this disease.

Despite significant progress in the understand-
ing of pathogenesis and treatment of infective en-
docarditis, the results of this study clearly indicate
that regional differences remain a serious challenge
(10). The development of international guidelines
that take into account the local epidemiology and
patterns of resistance, as well as the strengthening
of healthcare systems in developing regions, are
key steps towards reducing the global burden of
this disease. Further research, international coop-
eration and investment in health infrastructure are
necessary to improve the outcome and quality of
life of patients with infective endocarditis.
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razvoju ukazuju na duboke globalne nejednakosti u
ishodima lec¢enja. Multidisciplinarni timski pristup
i pravovremena hirurska intervencija ostaju kljuéni
faktori za smanjenje visokog mortaliteta, ali njihova
dostupnost direktno zavisi od nivoa ekonomskog ra-
zvoja zdravstvenih sistema. Konacno, unapredenje
ishoda zahteva globalnu standardizaciju protokola
i jacanje preventivnih strategija uz obavezno uvaza-
vanje lokalnih specifi¢nosti mikrobioloSkog profila
rezistencije.
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Conclusion

The research results confirm that in the 21
century, infective endocarditis has experienced a
significant epidemiological transformation, marked
by the dominance of staphylococci and the rise of
resistant strains in developed regions. However, the
persistence of rheumatic heart disease and limited
diagnostic resources in developing counties point to
profound global inequalities related to treatment
outcomes. A multidisciplinary team approach and
timely surgical intervention remain key factors for
reducing high mortality, but their availability direct-
ly depends on the level of economic development
of healthcare systems. Finally, the improvement of
outcomes requires global standardization proto-
cols and strengthening of preventive strategies with
mandatory consideration of local specificities of the
microbiological profile of resistance.
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