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,,Koreni ucenja su gorki, ali su plodovi slatki.”
Aristotel

| tako, u praskozorje nastupajuce 2026. godine smogosmo snage i znanja da se, po ko zna koji put,
otrgnemo od teske svakodnevice i u¢malosti i da se radovima koji su pred vama jos vise priblizimo
naucnoj istini. Baviti se danas naukom, sakupljati informacije, obradivati ih i publikovati nije nimalo lak
zadatak. Pa ipak, ima i takvih. | dok god je tako nada postoji. Nismo se predali. Tezak je put i zadatak ali
su i plodovi rada slatki i dugo traju. U ovom broju,Srpskog medicinskog ¢asopisa Lekarske komore” svi
publikovani radovi imaju svoju specifi¢nost i bave se problematikom iz razli¢itih grana medicine. Prika-
zujemo vam ih redom.

Rad autorke Margo Tonelije bavi se uticajem klimatskih promena na ¢ovekovo zdravlje sa poseb-
nim osvrtom na rad epidemiologa i probleme prilikom sakupljanja validnih informacija, kao i znacajem
zdravstvenih informacionih sistema u prikupljanju podataka.

Milivojevi¢ i saradnici u svom radu isti¢u karakteristike i razlike izmedu primarnog i sekundarnog
membranoznog glomerulonefritisa, kao i patohistoloske specifi¢nosti ovih entiteta.

Tema osteoporoze je uvek interesantna. U svom preglednom radu Tomasevi¢-Todorovi¢ i saradnici
ukazuju na pojavu osteporoze tokom leCenja autoimunskih bolesti. Naime, i pored napretka u prevenci-
ji, dijagnostici i leCenju, uCestalost osteoporoze kod obolelih od autoimunskih bolesti je i dalje visoka i
zahteva adekvatan pristup i leCenje.

Pojava hipertenzije kod onkoloskih bolesnika je sve ceSca. Petrovic i saradnici, u svom radu, upravo
rasvetljavaju ovaj nezeljeni klini¢ki entitet koji se razvija tokom lecenja razli¢itih malignih bolesti. Uz-
imajuci u obzir Cinjenicu da broj obolelih od malignih bolesti raste u svetu i da je onkohipertenzija sve
ceSca u ovoj populaciji bolesnika, autori isticu znacaj ranog prepoznavanja i leCenja ove komplikacije.

U eri produzenog zivotnog veka i sve veceg broja obolelih od sréane insuficijencije, Stoickov i sarad-
nici isti¢u znacaj kontrolisanog fizickog treninga kod ove populacije bolesnika. Adekvatna fizi¢cka ak-
tivnost predstavlja joS jednu od mera koja povecava misicnu masu i izdrzljivost i na taj nacin, indirekt-
nim putem, uti¢e na smanjenje intenziteta simptoma u sr¢anoj insuficijenciji, naravno, uz popravljanje
kvaliteta zivota.

Sve ¢edca primena oralnih antikoagulanasa povezana je i sa sve ¢e$¢im i pomalo neobi¢nim nezel-
jenim dogadajima. U svom radu, Hadzi-Nikoli¢ isti¢e pojavu instersticijumske bolesti pluca i buloznog
pemfigoida, koji su povezani sa primenom ovih lekova.
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EDITORIAL

“The roots of education are bitter, but the fruit is sweet.”
Aristotle

And thus, on the eve of the approaching year 2026, we have once again found the strength and
knowledge to break away from the weight of arduous everyday reality and intellectual inertia, and
through the articles presented here, draw even closer to scientific truth. Engaging in science today -
gathering information, processing it, and publishing results — is by no means an easy task. Yet there are
still those who persevere. As long as this remains so, hope endures. We have not surrendered. The road
and the task are demanding, but the fruits of such labor are lasting and deeply rewarding. In this issue of
the Serbian Journal of the Medical Chamber, each article is distinctive and addresses topics from diverse
branches of medicine. We hereby present them to you, individually.

The article by Margo Tonnelier examines the impact of climate change on human health, with par-
ticular emphasis on the role of epidemiologists and the challenges involved in collecting valid data, as
well as the importance of health information systems in data collection.

In their article, Milivojevi¢ et al. highlight the characteristics and differences between primary and
secondary membranous glomerulonephritis, as well as the pathohistological specificities of these enti-
ties.

The topic of osteoporosis is always of interest. In their review article, Tomasevi¢-Todorovic et al. draw
attention to the occurrence of osteoporosis during the treatment of autoimmune diseases. Despite ad-
vances in prevention, diagnosis, and therapy, the prevalence of osteoporosis among patients with auto-
immune diseases remains high and requires an appropriate clinical approach and treatment.

Hypertension in oncology patients is becoming increasingly common. In their article, Petrovic et al.
shed light on this adverse clinical entity that develops during the treatment of various malignant dis-
eases. Given the global increase in the number of patients with malignancies and the rising prevalence
of oncohypertension in this population, the authors emphasize the importance of early recognition and
management of this complication.

In an era of increased life expectancy and a growing number of patients with heart failure, Stoickov
et al. emphasize the importance of supervised physical training in this patient population. Adequate
physical activity represents an additional measure that increases muscle mass and endurance, and thus
indirectly contributes to a reduction in the intensity of heart failure symptoms, while indeed improving
quality of life.
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lako predstavlja retko stanje, hifema u neonatalnom dobu zahteva brzu i preciznu oftalmolosku pro-
cenu. Etiologija ove pojave je razli¢ita. Autori, Vasovic i saradnici isti¢u da pojava obostrane hifeme u
ovom periodu zahteva ozbiljan klini¢ki pregled radi isklju¢ivanja drugih bolesti.

U prikazu slucaja, Aleksi¢ opisuje pacijenta koji istovremeno boluje od jedne mijeloproliferativne i
jedne limfoproliferativne bolesti. UdruZzenost dve hematoloske maligne bolesti nije tako retka pojava
u klinickoj praksi i zahteva uvek poseban klinicki tretman koji zavisi od prirode i agresivnosti bolesti,
komorbiditeta, starosti, i drugih faktora.

Na koncu, jo$ jedan apel da izdrZzimo i istrajemo na ovom putu nauke i struke i to bas onako kako
dolikuje trenutku o kome Zivimo.

Ziveli, i sre¢na vam Nova 2026. godina!

S postovanjem,
Prof. dr Predrag Durdevi¢
Pomoc¢nik glavnog i odgovornog urednika
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The increasing use of oral anticoagulants is also associated with more frequent and somewhat un-
usual adverse events. The article written by HadZi-Nikoli¢ draws attention to the occurrence of intersti-
tial lung disease and bullous pemphigoid, both linked to the use of these medications.

Although a rare condition, neonatal hyphema requires prompt and precise ophthalmological eval-
uation. Its etiology is diverse. Vasovic et al. emphasize that the occurrence of bilateral hyphema during
this period necessitates a thorough clinical examination to rule out other diseases.

The case report presented by Aleksi¢ describes a patient simultaneously suffering from a myelopro-
liferative disorder and a lymphoproliferative disorder. The concomitance of two hematological malig-
nancies is not uncommon in clinical practice. It always requires a specialized clinical approach, depend-
ing on the nature and aggressiveness of the diseases, comorbidities, age, and other factors.

In conclusion, once again, an appeal to everyone to persevere and remain steadfast on the path of
science and professionalism, in a manner befitting the times we are living in.

Happy New Year 2026!

Sincerely,
Prof. Predrag Burdevi¢, MD, PhD
Assistant-Editor-in-Chief
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TOPLOTNI TALASI | ZDRAVSTVENA ZASTITA:
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HEATWAVES AND HEALTHCARE: BRIDGING

DATA AND FRONTLINE PRACTICE
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SAZETAK

Toplotni talasi i srodni ekoloski dogadaji otkrivaju kljucne ranjivosti preopterece-
nih zdravstvenih sistema i ukazuju na potrebu integrisanja klinickih i ekoloskih
podataka radi podrske blagovremenim javnozdravstvenim intervencijama. Me-
dutim, uceSce zdravstvenih radnika u prikupljanju podataka cesto je ograniceno
velikim obimom posla i fragmentiranom, restriktivnom strukturom zdravstvenih
informacionih sistema. Ovaj rad razmatra strategije za jacanje veze izmedu pro-
dukcije javnozdravstvenih podataka i klini¢kog odgovora u ilju smanjenja zdrav-
stvenih rizika povezanih sa toplotnim talasima. Programi direktnog ukljucivanja
epidemiologa u rad na terenu unapreduju razumevanje operativnih ogranicenja
i podsticu osmisljavanje pragmaticnih intervencija. Medutim, nedostatak stan-
dardizovanih zdravstvenih mera i Siroko prihvacenog konceptualnog okvira ogra-
nicava delotvornost epidemiologije toplotnih talasa. Smatramo da takvi pristupi
mogu sistematski pobolj3ati validnost, primenljivost i pravicnost javnozdravstve-
nih istraZivanja i prakse, te predlaZemo okvir za standardizovano zdravstveno
pracenje tokom toplotnih talasa.

Kljucne reci: toplotni talasi, epidemiologija, javno zdravlje, zdravstveni rizici
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Margo Tonnelier
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ABSTRACT

Heatwaves and related environmental events expose critical vulnerabilities in
overburdened health systems and underscore the need to integrate clinical and
environmental data to support timely public health interventions. However,
healthcare professionals’ participation in data collection is often limited by high
workloads and fragmented, restrictive health information system architectures.
This article explores strategies to strengthen the link between public health
data production and clinical response to mitigate the health risks associated
with heatwave events. Field immersion programs for epidemiologists enhance
understanding of operational constraints and promote the design of pragmatic
interventions. However, the lack of standardized health measures and a widely
accepted conceptual framework limits the effectiveness of heatwave epidemi-
ology. We argue that such approaches can systematically improve the validity,
applicability, and equity of public health research and practice, and propose a
framework for standardized health monitoring during heatwaves.

Keywords: heatwaves, epidemiology, public health, health risks

RESUME

Les vagues de chaleur et les événements environnementaux associés révelent
les vulnérabilités des systémes de santé surchargés et soulignent la nécessité
dintégrer les données cliniques et environnementales afin de soutenir la mise
en place d'actions rapides de santé publique. Cependant, la participation des pro-
fessionnels de santé a la collecte de données reste limitée en raison de charges
de travail élevées et d'une architecture des systemes d'information sanitaire
souvent fragmentée et restrictive. Dans cet article, nous examinons les moy-
ens de renforcer le lien entre la production de données de santé publique et la
réponse clinique afin de mieux atténuer les risques sanitaires liés aux vagues de
chaleur. Les programmes d’immersion sur le terrain pour les épidémiologistes
permettent de mieux comprendre les contraintes opérationnelles et de concevoir
des interventions plus pragmatiques. Toutefois, absence de mesures sanitaires
standardisées et d'un cadre conceptuel largement accepté continue de limiter
I'efficacité de I'épidémiologie des vagues de chaleur.

Mots cles: Chaleur extréme, Epidémiologie, Santé Publique, Evaluation de
I'impact sur la santé
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KONTEKST KOJI SE BRZO MENJA

Zdravstveni sistemi Sirom sveta suocavaju se sa sve oz-
biljnijim izazovima. Klimatske promene, vidljive kroz
sve ucestalije i intenzivnije toplotne talase [1], dodat-
no se pogorsavaju ponovnom pojavom epidemija [2],
starenjem stanovnistva [3] i strukturnim ekonomskim
pritiscima [4]. Zajedno, ovi faktori opterecuju zdrav-
stvene ustanove, produbljuju postojec¢e nejednakosti
u domenu zdravstvene zastite, te povecavaju zahteve
u odnosu na zdravstvene radnike u pogledu njihovog
kapaciteta da adekvatno odgovore na potrebe [5].

Toplotni talasi postaju sve vedi prioritet u domenu
javnog zdravlja [6,7]. Oni su direktno povezani sa poja-
vom toplotnih udara i poremecajima sna, a indirektno sa
losijim mentalnim zdravljem, porastom meduljudskog
nasilja i pogorsanjima postojec¢ih kardiovaskularnih i
respiratornih bolesti [8-11]. lako je svest o toplotnim ta-
lasima kao javnozdravstvenom problemu porasla, njiho-
vi posredni zdravstveni efekti i dalje su nedovoljno istra-
Zeni. Sumski i periurbani pozari, koji su sve &e$¢i tokom
ekstremnih vrudina, ne samo da izazivaju povrede i ra-
seljavanje stanovnistva [12], ve¢ i povecavaju izlozenost
finim cesticama, ¢ime doprinose respiratornom morbi-
ditetu, uz fizioloske posledice toplotnog stresa [12]. Ove
krize prozimaju vise disciplina i zahtevaju trajnu integra-
ciju ekoloskih i zdravstvenih podataka - uklju¢ujuci tem-
peraturu, kvalitet vazduha, zdravstvene pokazatelje pa-
cijenata i parametre primarne zdravstvene zastite — kako
bi se omogucili efikasni odgovori. Zdravstveni radnici
su zaduzeni za sprovodenje preventivnih i edukativnih
mera radi umanjenja zdravstvenih posledica, uz istovre-
meno pruzanje zdravstvene nege pogodenim pacijenti-
ma. Istovremeno, ovi rizici zahtevaju ozbiljne populacio-
ne analize i sisteme ranog upozoravanja u cilju praéenja
trendova, informisanja javnosti i zdravstvenih radnika,
kao i usmeravanja javne politike i raspodele resursa.
Ovaj rad ima za cilj da razmotri strategije za jacanje veze
izmedu produkcije javnozdravstvenih podataka i klinic-
kog odgovora na potrebe, kako bi se smanijili zdravstve-
ni rizici povezani sa pojavom toplotnih talasa.

ZAJEDNICKI SISTEM PRACENJA ZA
EPIDEMIOLOGE | ZDRAVSTVENE RADNIKE

Zdravstveni radnici predstavljaju prvu liniju nadzora
nad funkcionisanjem zdravstvenog sistema. Oni uo-
¢avaju, u realnom vremenu, porast broja pacijenata
primljenih zbog toplotnog udara, dehidratacije, kar-
dio-respiratornih komplikacija ili akutnih psihijatrijskih
stanja. Pozari povezani sa toplotnim talasima dodatno
otezavaju situaciju, dovodedi do opekotina, trauma
tokom evakuacije i pogorsanja respiratornih oboljenja
usled izloZzenosti finim Cesticama.

HEATWAVES AND HEALTHCARE. BRIDGING DATA AND FRONTLINE PRACTICE

A RAPIDLY CHANGING CONTEXT

Healthcare systems worldwide face increasing chal-
lenges. Climate changes, reflected in the rising fre-
quency and severity of heatwaves [1], is further com-
pounded by the resurgence of epidemics [2], popula-
tion ageing [3], and structural economic pressures [4].
Together, these factors strain healthcare organizations,
exacerbate health inequalities, and heighten demands
on professionals’ capacity to respond [5].

Heatwaves are gradually becoming a public health
priority [6,7]. They are directly linked to heatstroke and
disrupted sleep patterns and indirectly associated with
poorer mental health, increased interpersonal vio-
lence, and exacerbations of underlying cardiovascular
and respiratory diseases [8-11]. Although awareness
of heatwaves as a public health issue has grown, their
indirect health consequences remain insufficiently ex-
plored. Forest and peri-urban fires, which occur more
frequently during periods of extreme heat, not only
cause injuries and population displacement [12] but
also increase exposure to fine particulate matter, con-
tributing to respiratory morbidity, in addition to the
physiological effects of heat stress [12]. These crises
span multiple disciplines and require sustained inte-
gration of environmental and health data - including
temperature, air quality, patient health indicators, and
frontline care metrics - to inform effective responses.
Healthcare professionals are responsible for imple-
menting preventive and educational measures to re-
duce health impacts while also providing care to affect-
ed patients. At the same time, these hazards demand
robust population-level analyses and early warning
systems to monitor trends, alert the public and health-
care workers, and guide public policy and resource
allocation. This article aims to explore strategies to
strengthen the connection between public health data
production and clinical response in order to mitigate
the health risks associated with heatwave events.

A SHARED MONITORING SYSTEM BETWEEN
EPIDEMIOLOGISTS AND HEALTHCARE
PROFESSIONALS

Healthcare professionals act as the frontline monitors
of their health systems. They observe, in real time, in-
creases in admissions for heatstroke, dehydration,
cardiorespiratory complications, or psychiatric crises.
Heatwave-associated fires further exacerbate the situ-
ation, causing burns, trauma from evacuations, and re-
spiratory exacerbations from fine particulate exposure.

Epidemiologists operate both retrospectively and
in near-real time: they analyze historical data to better
understand determinants of population health and
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Epidemiolozi deluju i retrospektivno i u priblizno real-
nom vremenu: analiziraju istorijske podatke kako bi bolje
razumeli determinante zdravlja populacije, te koriste naj-
novije i prognozirane podatke za izdavanje upozorenja -
iako se u slucaju toplotnih talasa ta upozorenja najéesce
izdaju prvenstveno putem meteoroloskih sluzbi i sluzbi
civilne zastite. Oni funkcionisu kao svojevrsni,zdravstve-
ni radar’, prikupljajudi, analizirajudi i distribuirajuci infor-
macije koje potom usmeravaju dalje delovanje. Identi-
fikovanjem najugrozenijih grupa - stara lica, deca, ljudi
sa visestrukim komorbiditetima, radnici na otvorenom i
socijalno ugrozene populacije — epidemiolozi omoguca-
vaju adekvatnu prevenciju i ciljano delovanje [13].

Leto 2003. godine jasna je ilustracija ranjivosti Za-
padne Evrope kada su u pitanju toplotni talasi i njihov
uticaj na zdravlje stanovnistva. U Francuskoj su Emon i
Zugla procenili visak smrtnosti uporedujuci zabeleze-
ne smrti tokom prvih 20 dana avgusta 2003. godine sa
prose¢nim brojem smrti u istom periodu izmedu 2000. i
2002. godine [14]. U Portugalu je izmedu prvog i 31. av-
gusta 2003. godine zabelezeno 2.099 smrtnih slucajeva
vise nego $to se ocekivalo prema referentnom periodu
1997-2001 [15]. Potonji toplotni talasi nastavili su da iza-
zivaju znacajan visak mortaliteta Sirom regiona. Na pri-
mer, toplotni talas u Ceskoj, 2015. godine, izazvao je vedi
porast viska smrtnosti nego takav dogadaj iz 1994. godi-
ne (265% naspram 240% iznad osnovne vrednosti) [16].
U Belgiji je Sciensano zabelezio 4,3% viSka smrtnosti u
svim starosnim grupama tokom leta 2020. godine, kada
je Kraljevski meteoroloski institut Belgije registrovao dva
toplotna talasa (23-26. jun i 2-17. avgust 2020). Drugi
toplotni talas poklopio se sa najve¢im brojem dnevnih
smrtnih slu¢ajeva tokom letnjeg perioda u Belgiji, sa 492
smrti zabelezene 13. avgusta 2020. godine [17].

Kada se sistematski organizuju i distribuiraju, gore
navedena zapaZzanja sluze kao pokazatelji za unapre-
divanje epidemioloskih modela i identifikovanje ranih
znakova upozorenja. Primer Belgije, gde se podaci o
smrtnosti u realnom vremenu integrisu sa klimatskim
indikatorima, ilustruje dodatnu vrednost ovakve me-
dusektorske saradnje. Ipak, u mnogim evropskim ze-
mljama ovakvo pracenje i dalje nije prisutno.

RAZLIKE U STEPENU RAZVIJENOSTI
RAZLICITIH EPIDEMIOLOSKIH DISCIPLINA

Epidemiologija infektivnih bolesti oslanja se na dobro
uspostavljene sisteme nadzora sa rutinskim protokoli-
ma koji omogucavaju brzo izdavanje upozorenja o iz-
bijanju epidemija [18]. Nasuprot tome, ekoloska epide-
miologija - koja se bavi toplotnim talasima, Sumskim
pozarima i zagadenjem vazduha - i dalje je manje sis-
tematizovana i ¢esto je ogranicena fragmentisanim po-
dacimai sporijim izve$tavanjem [19]. lako inovacije kao

use recent and forecast data to raise alerts - although
for heatwaves, such alerts are often issued primarily
by meteorological services and civil protection agen-
cies. They act as a health radar, collecting, analyzing,
and disseminating information that guides respons-
es. By identifying the most vulnerable groups - the
elderly, children, people with multiple morbidities,
outdoor workers, and socially disadvantaged popula-
tions - they enable tailored prevention and targeted
action [13].

The summer of 2003 remains emblematic of West-
ern Europe’s vulnerability to heatwaves and their im-
pact on population health. In France, Hémon and
Jougla estimated excess mortality by comparing ob-
served deaths during the first 20 days of August 2003
with the 2000-2002 average number of deaths for the
same period [14]. In Portugal, between August 1 and
August 31, 2003, there were 2,099 excess deaths rela-
tive to the expected baseline for the 1997-2001 period
[15]. Subsequent heatwaves continued to cause sub-
stantial mortality across the region. For example, the
2015 heatwave in the Czech Republic caused a larger
increase in excess mortality than the 1994 event (265%
versus 240% above the baseline) [16]. In Belgium, Sci-
ensano recorded a 4.3% excess mortality rate across all
ages during the summer of 2020, when the Royal Me-
teorological Institute of Belgium reported two heat-
waves (23-26 June and 2-17 August, 2020). The second
heatwave coincided with the highest number of dai-
ly deaths for the summer period in Belgium, with 492
deaths on 13 August 2020 [17].

When systematically structured and shared, the
above-described observations serve as indicators for
refining epidemiological models and identifying early
warning signs. Belgium’s integration of real-time mortal-
ity data with climate indicators demonstrates the added
value of such cross-sector collaboration. However, such
monitoring remains absent in many European countries.

DIFFERENT LEVELS OF DEVELOPMENT ACROSS
EPIDEMIOLOGICAL DISCIPLINES

Infectious disease epidemiology relies on well-estab-
lished surveillance systems, with routine protocols
that enable rapid outbreak alerts [18]. By contrast, en-
vironmental epidemiology - focused on heatwaves,
wildfires, and air pollution - remains less system-
atized and is often constrained by fragmented data
and slower reporting [19]. Although advances such as
high-resolution sensors and exposome approaches
are expanding the capacities of environmental epi-
demiologists, the field continues to face challenges
in translating environmental data into timely public
health alerts [19,20]. Ethical frameworks are only re-
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$to su senzori visoke rezolucije i pristupi zasnovani na
ekspozomu, prosiruju kapacitete ekoloske epidemiolo-
gije, ova oblast je i dalje suocena sa izazovima prilikom
pretvaranja ekoloskih podataka u blagovremena jav-
nozdravstvena upozorenja [19,20]. Eti¢ki okviri se tek
poslednjih godina konsoliduju kako bi se obezbedila
temeljitost studija koje ispituju zdravstvene efekte vi-
Sestrukih, interagujucih ili vremenski promenljivih izla-
ganja datim elementima [21]. Zbog toga je od klju¢nog
znacaja jacanje saradnje sa meteoroloskim sluzbama i
hitnim sluzbama u bolnicama, jer upozorenja na toplot-
ne talase i Sumske pozare Cesto potic¢u od sluzbi izvan
zdravstvenog sektora i moraju biti integrisana kako bi
efikasno usmeravala javnozdravstvene intervencije.

SPREMNOST ZDRAVSTVENIH RADNIKA
DA UCESTVUJU U PRIKUPLJANJU
EPIDEMIOLOSKIH PODATAKA

Glavna prepreka uces¢u zdravstvenih radnika u priku-
pljanju epidemioloskih podataka jeste obim njihovog
posla, narocito tokom vanrednih situacija. Oni ve¢ rade
pod hroni¢nim pritiskom - nedostatak osoblja, stare-
nje populacije pacijenata i rast broja prijema [22,23].
Ekstremni vremenski dogadaji povezani sa klimatskim
promenama dodatno povecavaju ovaj teret [5]. Na pri-
mer, poklapanje toplotnih talasa sa pandemijom KO-
VID-19 oboljenja 2020. godine, jasno je pokazalo koliko
je veliko opterecenjeiiscrpljenost zdravstvenih radnika
[24,25]. Takvo preopterecenje ne samo da ogranicava
ucesce u inicijativama nadzora i razmene podataka, ve¢
sluZi i kao upozorenje: potrebno je preispitati raspode-
lu kompetencija i organizaciju zdravstvene zastite [26].

Jos jedna prepreka lezi u fragmentiranoj i ¢esto re-
striktivnoj strukturi zdravstvenih informacionih sistema.
Preterana ogranicenja pristupu podacima i slaba inte-
roperabilnost mogu znacajno da ometaju epidemiolos-
ka istrazivanja [27]. Kada su skupovi podataka nepotpu-
ni ili ograni¢eni na odredene dijagnosticke kategorije,
mnoge potencijalne studije postaju neizvodljive. Nedo-
statak standardizacije podataka, logisticke poteSkoce u
prikupljanju i upravljanju podacima, kao i izostanak siste-
matskih lokalnih eti¢kih odbora dodatno otezavaju spro-
vodenje studija koje bi bile uporedive i ponovljive [28].

Upotreba standardizovane sestrinske terminolo-
gije i dosledno vodenje dokumentacije pokazalo se
kao nacin da se poboljsa kvalitet nege, obezbedi kon-
tinuitet i poveca upotrebljivost prikupljenih podataka
[29]. Ipak, ovi alati se i dalje nedovoljno koriste, ¢esto
zbog preopterecenosti poslom i ograni¢ene digitalne
pismenosti. Uklju¢ivanje ovih vestina u pocetnu obuku
zdravstvenih radnika moglo bi da pomogne u prevazi-
lazenju jaza izmedu klinicke dokumentacije, istraziva-
nja i prac¢enja na nivou populacije.

HEATWAVES AND HEALTHCARE. BRIDGING DATA AND FRONTLINE PRACTICE

cently being consolidated to ensure rigor in studies
examining the health effects of multiple, interacting,
or time-varying exposures [21]. Strengthening col-
laboration with meteorological services and hospital
emergency units is therefore essential, as alerts for
heatwaves and wildfires often originate outside the
health sector and must be integrated before they can
effectively inform public health action.

HEALTHCARE PROFESSIONALS’ READINESS
TO PARTICIPATE IN EPIDEMIOLOGICAL DATA
COLLECTION

The main barrier to healthcare professionals’ participa-
tion in epidemiological data collection is their workload,
particularly during emergency events. Professionals al-
ready operate under chronic pressure — staff shortages,
ageing patient populations, rising admissions [22,23].
Climate-related extreme events further intensify this
strain [5]. For instance, the convergence of heatwaves
with the COVID-19 pandemic in 2020 highlighted the
strain being placed on healthcare workers’ resilience
[24,25]. Such an overload not only restricts participa-
tion in surveillance and data-sharing initiatives but also
serves as a warning: the distribution of skills and the or-
ganization of care need to be reexamined [26].

Another obstacle lies in the fragmented and often
restrictive architecture of health information systems.
Excessive data restrictions and limited interoperability
can significantly hinder epidemiological research [27].
When data sets are incomplete or confined to specific
diagnostic categories, many potential studies become
unfeasible. The lack of data standardization, logistical
challenges in data collection and management, and
the absence of systematic local ethics committees fur-
ther complicate the implementation of comparable
and reproducible studies [28].

The use of standardized nursing terminologies and
consistent documentation practices has been shown
to improve care quality, ensure continuity, and in-
crease the utility of collected data [29]. However, these
tools remain underused, often due to workload con-
straints and limited digital literacy. Incorporating these
skills into the initial training of professionals could help
bridge the gap between clinical documentation, re-
search, and population-level monitoring.

Finally, another barrier to healthcare profession-
als’ participation in epidemiological data collection is
the level of their motivation to engage in research. A
recent systematic review has highlighted that limit-
ed time for research, organizational constraints, lack
of funding, and insufficient institutional support all
reduce healthcare professionals’ willingness to in-
vest their efforts in research [30]. Without addressing
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Konacno, jos jedna prepreka uceSc¢u zdravstvenih
radnika u prikupljanju epidemioloskih podataka jeste
njihov nivo motivacije za ukljucivanje u istrazivanja.
Nedavna sistematska analiza pokazala je da ogranice-
no vreme za istrazivanje, organizaciona ogranicenja,
nedostatak finansiranja i nedovoljna institucionalna
podrska umanjuju spremnost zdravstvenih radnika
da uloze trud u ucedée u nau¢nim studijama [30]. Ako
se po pitanju ovih faktora ne nadu adekvatna resenja,
manija je verovatnoca da ce zdravstveni radnici integri-
sati epidemiolosko rezonovanje u svoju praksu.

PREISPITIVANJE OBRAZOVANJA | OBUKE
ZDRAVSTVENIH RADNIKA

Ogranicena zastupljenost epidemiologije i statistike u
ranim fazama obrazovanja lekara i medicinskih sestara
moze imati za posledicu da zdravstveni radnici budu
slabije upoznati sa nacdinima svakodnevne primene
zdravstvenih podataka u praksi. Nasuprot tome, dobro
osmisljeni obrazovni programi koji povezuju istrazi-
vanje i praksu u javhom zdravlju — poput onih koji se
primenjuju u Kvebeku, Kanadi - podstic¢u aktivno uklju-
¢ivanje u rad sa populacionim zdravstvenim podacima,
sistemima nadzora i primenjenim istrazivackim projek-
tima. Time se unapreduju sposobnosti zdravstvenih rad-
nika da tumace podatke, procenjuju zdravstvene rizike i
uvode preventivne mere u svoju praksu [31,32]. Ovakva
iskustva pokazuju da je od klju¢nog znacaja da se kul-
tura javnog zdravlja i pripremljenost na ekstremne do-
gadaje povezane sa klimatskim promenama integrisu u
prvi nivo obuke odnosno obrazovanja zdravstvenih ka-
drova [33,34]. Stavi$e, ovakva reforma mogla bi da do-
prinese reSavanju aktuelne krize dobrobiti zdravstvenih
radnika i valorizacije njihovog rada. Dokazi ukazuju da
sveze obuceni kadrovi Cesto ulaze u radno okruzenje
nedovoljno pripremljeni za psiholoske i organizacione
zahteve koje to okruzenje nosi, $to znacajno utice na
njihovo mentalno zdravlje i ostanak u profesiji [35].
Sistem zdravstvene zastite kao takav prolazi kroz
znacajnu transformaciju. Upis na programe master
studija javnog zdravlja (engl. Master of Public Health,
MPH) i visoke studije sestrinstva (engl. Advanced Pra-
ctice Nursing, APN) je u porastu, $to odrazava kako ra-
stucu potrebu za interdisciplinarnim i analiti¢kim vesti-
nama, tako i hitnu potrebu za reSavanjem globalnog
nedostatka medicinskih sestara [36,37]. Uloge koje na
sebe preuzimaju zdravstveni radnici APN obrazovnog
profila redefinisu tradicionalne hijerarhije u zdravstve-
noj zastiti prosSirivanjem klini¢cke autonomije, podstica-
njem medusektorske saradnje i jaCanjem veza izmedu
brige o pacijentima i istrazivacke delatnosti [38]. Na isti
nacin, sve veca prisutnost stru¢njaka sa master diplo-
mom u oblasti javnog zdravlja u bolnicama i drugim in-

these factors, healthcare professionals are less like-
ly to integrate epidemiological reasoning into their
practice.

REEXAMINING HEALTHCARE TRAINING

The limited role of epidemiology and statistics in
the early stages of medical and nursing education
may contribute to healthcare professionals’ limited
familiarity with and use of health data in practice.
Conversely, structured training programs that inte-
grate public health research and practice - such as
those implemented in Quebec, Canada - strength-
en direct engagement with population health data,
surveillance systems, and applied research projects,
thereby enhancing healthcare workers’ ability to in-
terpret data, anticipate health risks, and adopt pre-
ventive measures in their practice [31,32]. Building
on such approaches, integrating a culture of public
health and preparedness for climate-related extreme
events in initial training has become essential [33,34].
Importantly, such reform could also help address the
current crisis of wellbeing and recognition among
healthcare professionals. Evidence shows that new
graduates often enter the workforce underprepared
for its psychological and organizational demands,
which has a considerable impact on their mental
health and retention [35].

The healthcare landscape is undergoing a signif-
icant transformation. Enrolment in Master of Public
Health (MPH) and Advanced Practice Nursing (APN)
programs has increased, reflecting both the growing
demand for interdisciplinary and analytical skills and
the urgent need to address the global nursing short-
age [36,37]. APN roles are redefining traditional care
hierarchies by expanding clinical autonomy, promot-
ing cross-sector collaboration, and strengthening links
between patient care and research [38]. Similarly, the
increasing presence of MPH graduates within hospital
and community settings signals a convergence be-
tween clinical expertise and population health compe-
tencies [39] - a positive development for bridging the
persistent gap between frontline practice and epide-
miological insight.

This paradigm shift reflects the dedication of
healthcare professionals to participating in an ed-
ucational reform that is both integrative and for-
ward-thinking. Training in health surveillance, model-
ling, risk communication, and the responsible use of
digital technologies enables professionals to interpret
complex data ecosystems, understand the structural
determinants of health, and actively contribute to pub-
lic health intelligence [38,39]. By rethinking education
to better align with day-to-day practical experience
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stitucijama ukazuje na priblizavanje klini¢kog stru¢nog
znanja i kompetencija iz oblasti populacionog zdravlja
[39] - Sto predstavlja pozitivan pomak ka premosca-
vanju dugotrajnog jaza izmedu prakse na prvoj liniji
zdravstvene zastite i epidemioloskih saznanja.

Ova promena paradigme odrazava posvecenost
zdravstvenih radnika u¢esc¢u u obrazovnoj reformi koja
je istovremeno integrativna i usmerena ka budu¢nosti.
Obuka iz oblasti zdravstvenog nadzora, modelovanja,
komunikacije rizika i odgovorne upotrebe digitalnih
tehnologija omogucava stru¢njacima da tumace sloze-
ne ekosisteme podataka, razumeju strukturne determi-
nante zdravlja i aktivho doprinose javnozdravstvenoj
inteligenciji [38,39]. Preispitivanjem obrazovanja kako
bi se ono bolje uskladilo sa svakodnevnim prakti¢nim
iskustvom i novonastalim potrebama javnog zdravlja,
Evropa ima priliku ne samo da unapredi otpornost, vec
i cenjenost, privla¢nost i odrzivost profesija koje su pod
sve ve¢im opterecenjem.

PONOVNO POVEZIVANJE EPIDEMIOLOGA SA
KONTEKSTOM PODATAKA

Epidemiolozi bi imali znacajnu korist od povremenog
boravka u klini¢ckim okruzenjima, gde bi mogli nepo-
sredno da sagledaju prakti¢na ogranicenja, kao $to su
opterecenje poslom, raznolikost pacijenata i istovreme-
no prisustvo, Cesto suprotstavljenih prioriteta. Skoras-
nja studija, ciji je cilj bio izrada vodi¢a za osmisljavanje
nastavnih programa iz epidemiologije, pokazala je de-
lotvornost pristupa u€enju zasnovanog na prakticnom
radu i promisljanju [40]. U tom smislu, programi poput
Epidemic Intelligence Service (EIS) pri Centru za kontrolu
i prevenciju bolesti (engl. Centers for Disease Control and
Prevention — CDC) predstavljaju dobar primer ovakvog
prakti¢nog pristupa: polaznici sticu neposredno teren-
sko iskustvo uz blisko mentorstvo, ucedi kako da epi-
demioloske podatke pretocCe u konkretna javnozdrav-
stvena resenja i kako da obezbede da sistemi nadzora
i preduzete mere ostanu ¢vrsto utemeljeni u realnom,
svakodnevnom kontekstu prve linije zdravstvene zasti-
te [41]. Takvo iskustvo iz prve ruke pomaze da se razja-
sni zasto je pojedine podatke tesko prikupiti ili zasto se
smernice ne mogu uvek dosledno i delotvorno prime-
niti u praksi, a istovremeno podstice realisti¢nije i pra-
gmati¢nije osmisljavanje intervencija [41].

Ovaj pristup dodatno je potkrepljen dokazima do-
bijenim kroz druge programe obuke iz terenske epide-
miologije. Programi obuke iz terenske epidemiologije
(engl. Field Epidemiology Training Programs, FETP) jesu
dvogodisnje inicijative zasnovane na principu ,uenja
kroz rad’, osmisljene da ojacaju kako kadrovske kapaci-
tete, tako i sisteme javnozdravstvenog nadzora. Sli¢no
tome, Evropski program za obuku iz interventne epide-
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and emerging public health needs, Europe has the op-
portunity not only to strengthen resilience but also to
enhance recognition, attractiveness, and sustainability
of the professions that are under strain.

RECONNECTING EPIDEMIOLOGISTS WITH THE
CONTEXT BEHIND THE DATA

Epidemiologists would benefit from periodic immer-
sion in clinical environments to directly observe prac-
tical constraints such as workload pressures, patient
diversity, and competing priorities. A recent study
aimed at developing a guide for designing epidemi-
ology courses demonstrates the effectiveness of an
immersive and reflective learning environment [40].
In concrete terms, programs such as the Centers for
Disease Control and Prevention’s Epidemic Intelli-
gence Service (EIS) illustrate this practical approach:
officers gain real-world field experience under close
mentorship, learning to translate data into practical
public health solutions and ensuring that surveillance
systems and response efforts remain grounded in the
frontline context of healthcare [41]. Such first-hand
exposure clarifies why certain data remain difficult
to capture or why guidelines may not always trans-
late effectively into practice, while fostering more
grounded, pragmatic modelling and intervention de-
sign [41].

This approach is also supported by evidence from
other field epidemiology training programs. Field Ep-
idemiology Training Programs (FETPs) are two-year,
‘learning by doing'’ initiatives designed to strengthen
both the workforce and the public health surveillance
systems. Similarly, the European Programme for In-
tervention Epidemiology Training (EPIET) trains field
epidemiologists — often in collaboration with national
programs — highlighting the importance of structured
mentoring, field assignment rotation, and iterative re-
flection on operational challenges in strengthening
epidemiological capacity and data literacy [42].

Treadwell et al. [43] call for a reform of data col-
lection practices to include more disaggregated in-
formation, enabling a clearer understanding of - and
response to — health inequalities. They argue that this
requires a fundamental transformation of data collec-
tion methods and structures.

Collectively, these perspectives suggest that com-
bining field immersion, well-designed collaborative
networks, and targeted training can help reconnect
epidemiologists with the operational context under-
pinning the data, thereby enhancing the validity, ap-
plicability, and equity of public health research and
practice.
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miologije (engl. European Programme for Intervention
Epidemiology Training — EPIET) obucava terenske epide-
miologe - Cesto u saradnji sa nacionalnim programi-
ma - isticuci znacaj strukturisanog mentorstva, rotacije
terenskih zadataka i iterativnog promisljanja o opera-
tivnim izazovima u jacanju epidemioloskih kapaciteta i
pismenosti u radu sa podacima [42].

Tredvel i saradnici [43] pozivaju na reformu praksi
prikupljanja podataka kako bi se obuhvatili detaljnije
razloZeni podaci, Sto bi omogucilo jasnije razumevanje
zdravstvenih nejednakosti i adekvatnije reagovanje na
njih. Oni isti¢u da ovo zahteva temeljni preobrazaj me-
toda i struktura prikupljanja podataka.

U celini, ovi stavovi ukazuju na to da kombinova-
nje terenskog rada, dobro osmisljenih mreza saradnje
i ciljane obuke moze doprineti ponovnom povezivanju
epidemiologa sa operativnim kontekstom koji stoji u os-
novi podataka, ¢ime se unapreduju validnost, primenlji-
vost i pravi¢nost javnozdravstvenih istrazivanja i prakse.

IZGRADNJA ZAJEDNICKOG OKVIRA ZA
ZDRAVSTVENI NADZOR TOPLOTNIH TALASA

Primer toplotnih talasa posebno jasno ilustruje jaz
izmedu epidemiologa i zdravstvenih radnika u tuma-
¢enju i korisS¢enju podataka, bududi da trenutno ne
postoji Siroko prihvacen konceptualni okvir niti stan-
dardizovan skup zdravstvenih pokazatelja za merenje
njihovog uticaja. lako brojne studije kvantifikuju visak
smrtnosti [44,45] ili visak hospitalizacija [46], ti napori
se Cesto zasnivaju na razli¢itim metodologijama, $to
otezava poredenje rezultata i uspostavljanje zajednic-
kog stru¢nog jezika medu disciplinama.

U akutnim klinickim uslovima, pokazatelji kao sto
su visak smrtnosti, popunjenost bolni¢kih kapaciteta
i prijem u jedinice intenzivne nege (JIN) obezbeduju
primenljive signale u realnom vremenu, kako klini¢ari-
ma tako i javnozdravstvenim instuticijama. Pored ovih
neposrednih mera, pokazatelji populacionog zdrav-
lja — ukljuCujuci prevalenciju, incidenciju, prevreme-
nu smrtnost, morbiditet i invaliditet, kakvi se koriste
u Studiji globalnog opterecenja boles¢u (engl. Global
Burden of Disease — GBD) [47] — nude standardizovan
metod za kvantifikovanje i mortaliteta i morbiditeta
u populacijama, kao i za poredenje relativhog uticaja
razli¢itih uzroka bolesti i povreda. Zbirne mere, kao
$to su godine Zivota prilagodene invaliditetu (engl. di-
sability-adjusted life years — DALYs), razvijene u okviru
GBD studije, objedinuju ove pokazatelje u jedinstvenu
meru ukupnog opterecenja boles¢u, dok godine Zivo-
ta prilagodene kvalitetu (engl. quality-adjusted life ye-
ars — QALYs) obuhvataju uticaj zdravstvenih stanja na
kvalitet Zivota pacijenata, povezujudi klinicke ishode sa
prozivljenim iskustvom.

BUILDING A COMMON FRAMEWORK FOR
HEATWAVE HEALTH MONITORING

The example of heatwaves is particularly illustrative of
the gap between epidemiologists and healthcare pro-
fessionals in interpreting and using data, as no widely
accepted conceptual framework or standardized set
of health metrics currently exists to measure their im-
pact. While numerous studies quantify excess mortali-
ty [44,45] or excess hospitalizations [46], these efforts
often rely on different methodologies, making it diffi-
cult to compare results or establish a shared language
across disciplines.

In acute clinical settings, indicators such as excess
mortality, hospital bed occupancy, and intensive care
unit (ICU) admissions provide actionable, real-time sig-
nals for both clinicians and public health authorities.
Beyond these immediate measures, population health
indicators — including prevalence, incidence, premature
mortality, morbidity, and disability, as used in the Glob-
al Burden of Disease (GBD) Study [47] - offer a standard-
ized method for quantifying both mortality and mor-
bidity across populations and comparing the relative
impact of different causes of disease and injury. Sum-
mary measures such as disability-adjusted life years
(DALYs), developed as part of the GBD Study, integrate
these indicators into a single metric of overall disease
burden, while quality-adjusted life years (QALYs) cap-
ture the impact of health conditions on patients’ quality
of life, linking clinical outcomes to lived experience.

Establishing a common set of such indicators at the
European level could facilitate clearer communication
between epidemiologists, healthcare professionals,
and policymakers by providing a shared reference for
measuring health impact, setting public health targets,
and prioritizing interventions. These measures are par-
ticularly valuable for anticipating health risks, planning
preventive strategies, evaluating progress over time,
and comparing burden across different causes of dis-
ease, rather than serving solely as tools for immediate
crisis response [48,49].

CONCLUSION

In a world where heatwaves, fires, epidemics, and so-
cio-economic crises are intensifying, it is essential to
raise awareness among both epidemiologists and
healthcare professionals about the benefits of closer
collaboration. Reconciling these two complementary
and interdependent fields requires the development
of a clear conceptual framework and a shared lan-
guage. Rethinking training programs in both domains
could represent a long-term strategy to strengthen the
resilience of health systems.
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Uspostavljanje zajednickog skupa ovakvih poka-
zatelja na evropskom nivou moglo bi da olaksa jasni-
ju komunikaciju izmedu epidemiologa, zdravstvenih
radnika i donosilaca odluka, pruzajuci zajednicku re-
ferentnu osnovu za merenje zdravstvenog uticaja, po-
stavljanje javnozdravstvenih ciljeva i odredivanje prio-
riteta intervencija. Ove mere su narocito dragocene za
predvidanje zdravstvenih rizika, planiranje preventiv-
nih strategija, pracenje napretka tokom vremena i po-
redenje opterecenja medu razli¢itim uzrocima bolesti,
a ne samo kao alati za neposredan odgovor na krizne
situacije [48,49].

ZAKLJUCAK

U svetu u kojem se toplotni talasi, pozari, epidemije i
socioekonomske krize sve vise intenziviraju, od kljuc-
nog je znalaja da se unapredi svest, kako medu epi-
demiolozima tako i medu zdravstvenim radnicima, o
koristima bliskije saradnje. Uskladivanje ove dve kom-
plementarne i medusobno zavisne oblasti zahteva
uspostavljanje jasnog konceptualnog okvira i zajed-
ni¢kog stru¢nog jezika. Preispitivanje i unapredivanje
programa obrazovanja/obuke u oba domena moglo
bi predstavljati dugoro¢nu strategiju za ja¢anje zdrav-
stvenih sistema.
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SAZETAK

Uvod/Cilj: Membranozni glomerulonefritis (MGN) klinicki se najées¢e manife-
stuje nefrotskim sindromom, a etioloski moze biti idiopatski — primarni MGN
(PMGN), il u sklopu drugih bolesti — sekundarni MGN (sMGN). Uzimajui u obzir
razlicit terapijski pristup, cilj rada bio je uporediti klinicke i patohistoloske para-
metre medu pacijentima sa pMGN i SMGN.

Metode: Retrospektivnom analizom biopsijskih uzoraka tkiva bubrega dija-
gnostikovanih na Institutu za patologiju Medicinskog fakulteta u Beogradu u
periodu 2011 - 2023. godine, izdvojeno je 99 pacijenata dijagnostikovanih kao
MGN, podeljenih u odnosu na etiologiju u dve grupe: pacijente sa pMGN (n = 44)
i pacijente sa SMGN (n = 55). Klinicki, kao i patohistoloski parametri (na optickoj i
imunofluorescentnoj mikroskopiji) uporedeni su u ispitivanim grupama.
Rezultati: Dok su muskarci cesce obolevali od MGN, Zene su ¢esce imale SMGN
(p=0,036). Hematurija je CeS¢e uocena kod ispitanika sa SMGN (p = 0,009). Vred-
nosti proteinurije su bile znacajno vise medu pacijentima sa pMGN (p = 0,018),
$to je u vezi sa znatno vecim snizenjem koncentracije serumskih ukupnih proteina
kod njih (p = 0,011). Endokapilarna proliferacija je znatno ceSce bila prisutna kod
obolelih od sSMGN (p = 0,032). Izrazita pozitivnost nekoliko imunoflourescentnih
markera je bila statisticki znacajno ce3¢a kod ispitanika sa SMGN: IgA, IgM, C1q,
k-lanci i M-lanci (p < 0,05).

Zakljucak: Osobe Zenskog pola ceSce boluju od SMGN. Karakteristike SMGN su
prisustvo hematurije, endokapilarne hipercelularnosti i pozitivnosti imunofluo-
rescence na markere koji se ne vidaju u pMGN (IgA, IgM, C1q), dok su karakteristi-
ke pMGN znacajno vie vrednosti proteinurije, pracene snizenjem koncentracije
proteina u serumu.
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ABSTRACT

Introduction/Aim: Membranous nephropathy (MN) typically presents as ne-
phrotic syndrome and may be idiopathic (primary MN, pMN) or occur secondary
to other diseases (secondary MN, sMN). Given the differing therapeutic approach-
es, this study aimed to compare clinical and pathohistological parameters be-
tween patients with pMN and sMN.

Methods: Through a retrospective analysis of kidney biopsy samples diagnosed
at the Institute of Pathology, Faculty of Medicine, Belgrade, between 2011 and
2023, 99 patients with membranous nephropathy were identified. These pa-
tients were divided into two groups: patients with pMN (n = 44) and patients
with sMN (n = 55). Clinical and pathohistological parameters (by optical and im-
munofluorescence microscopy) were compared among study participants.
Results: While males more frequently suffered from MN, females more fre-
quently had sMN (p = 0.036). Haematuria was more common in subjects with
SMN (p = 0.009). Proteinuria values were significantly higher among patients
with pMN (p = 0.018), related to a significantly greater decrease in serum total
protein values in them (p = 0.011). Endocapillary proliferation was significantly
more frequent among those with SMN (p = 0.032). Marked positivity of several
immunofluorescent markers was significantly more common in subjects with
sMN: IgA, IgM, C1g, k-chains, and \-chains (p < 0.05).

Conclusion: Females are more commonly affected by SMN. Characteristics of
sMN include presence of haematuria, endocapillary hypercellularity and immu-
nofluorescence positivity for markers not seen in pMN (IgA, IgM, C1q), while char-
acteristics of pMN include significantly higher levels of proteinuria, accompanied
by significantly reduced serum protein values.
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uvoD

Membranozni glomerulonefritis (MGN) predstavlja hro-
ni¢no bubrezno oboljenje koje karakterisSe subepitel-
no talozenje depozita imunoglobulina i komponenata
komplementa u glomerulima, te se najcesce klinicki
manifestuje nefrotskim sindromom [1]. Oboljenje se
najcesce javlja u uzrastu 50 - 60 godina, i to oko dva
puta Ces¢e kod muskaraca, dok deca retko obolevaju
[2,3]. U odnosu na etiologiju deli se na primarni i se-
kundarni MGN [4]. Primarni MGN odlikuje autoimunski
odgovor na podocitne antigene u odsustvu sekundar-
nog uzroka; neki od do sada detektovanih antigena su:
PLA R, THSD7A [5,6]. U osnovi sekundarnog MGN mogu
biti: autoimunske bolesti (sistemski eritemski lupus, Se-
grenov sindrom, autoimunski tireoiditis), infekcije (he-
patitis B i C virusne infekcije, HIV, sifilis, malarija), lekovi i
toksini (nesteroidni antiinflamatorni lekovi, penicilamin,
soli zlata, ziva), kao i maligne bolesti (karcinomi pluda,
prostate, kolona i uterusa, hematoloska maligna obolje-
nja), kod kojih je detektovan NELL-1 antigen [7,8].

Zlatni standard u dijagnostici MGN predstavlja pa-
tohistoloska evaluacija biopsijskih uzoraka tkiva bubre-
ga. Kod pacijenata sa nefrotskim sindromom u klinickoj
slici, serumskom pozitivnis¢u antitela na PLAR i oCu-
vanom ekskretornom bubreznom funkcijom, biopsija
bubrega nije neophodna [9]. Na optickoj mikroskopiji
se uocava difuzno uniformno zadebljanje glomerular-
ne bazalne membrane; viemenom njen matriks formira
strukture nalik ,Siljcima“ izmedu deponovanih imun-
skih kompleksa [10]. Karakteristican nalaz imunofluo-
rescentne mikroskopije predstavlja prisustvo sitnozrna-
stih, granularnih depozita IgG i C3 komponente kom-
plementa duz glomerularne bazalne membrane [10].

Terapija za MGN zavisi od njegove etiologije. Paci-
jenti sa primarnom bole$¢u se le¢e imunosupresivhom
terapijom (kortikosteroidima, ciklofosfamidom, inhibi-
torima kalcineurina), alii rituksimabom, monoklonskim
antitelom usmerenim ka CD20 antigenu B-limfocita
[11,12]. Kod pacijenata sa sekundarnim MGN terapija je
usmerena ka oboljenju koje je u njegovoj osnovi. Kod
svih pacijenata se, kao suportivna terapija, primenjuju
diuretici, ACE inhibitori, blokatori angiotenzinskih re-
ceptora i statini, a u cilju kontrole arterijskog pritiska,
edema, proteinurije i lipidnog statusa [11].

Uzimajudi u obzir znacaj etiologije MGN u terapij-
skom pristupu, cilj ove studije je bio uporediti klinicke
(distribucija prema polu, starosti, vrednosti proteinuri-
je, prisustvo hematurije, koncentracije ukupnih prote-
ina i albumina u serumu, pokazatelji ekskretorne bu-
brezne funkcije i prisustvo naj¢es¢ih komorbiditeta) i
patohistoloSke parametre (promene na glomerulima,
tubulointersticijumu i krvnim sudovima na optickoj
mikroskopiji, kao i intenzitet depozita imunoglobulina,

INTRODUCTION

Membranous glomerulonephritis (MGN) is a chronic
kidney disease characterized by subepithelial depo-
sition of immunoglobulins and complement compo-
nents within the glomeruli, most commonly presenting
clinically as nephrotic syndrome [1]. The disease most
commonly occurs between 50 and 60 years of age and
is approximately twice as prevalent in men, while it is
rarely observed in children [2,3]. Based on etiology, it is
classified into primary and secondary MGN [4]. Prima-
ry MGN is characterized by an autoimmune response
against podocyte antigens in the absence of an iden-
tifiable secondary cause; antigens identified to date
include PLA2R and THSD7A [5,6]. Secondary MGN may
be associated with autoimmune diseases (systemic lu-
pus erythematosus, Sjogren’s syndrome, autoimmune
thyroiditis), infections (hepatitis B and C, HIV, syphilis,
malaria), drugs and toxins (non-steroidal anti-inflam-
matory drugs, penicillamine, gold salts, mercury), as
well as malignant diseases (lung, prostate, colon, and
uterine cancers, and hematological malignancies), in
which the NELL-1 antigen has been identified [7,8].

The gold standard for diagnosing MGN is the his-
topathological evaluation of kidney biopsy samples.
In patients presenting with nephrotic syndrome who
are serum-positive for PLA2R antibodies and have pre-
served renal excretory function, a kidney biopsy is not
required [9]. On light microscopy, a diffuse and uniform
thickening of the glomerular basement membrane is
observed, with the matrix gradually forming “spike”-
like projections between the deposited immune com-
plexes [10]. A hallmark of immunofluorescence micros-
copy is the presence of fine, granular deposits of 1gG
and the complement component C3 along the glo-
merular basement membrane [10].

Treatment of MGN depends on its underlying eti-
ology. Patients with primary MGN receive immuno-
suppressive therapy, including corticosteroids, cyclo-
phosphamide, and calcineurin inhibitors, as well as
rituximab, a monoclonal antibody targeting the CD20
antigen on B lymphocytes [11,12]. In patients with sec-
ondary MGN, treatment is focused on the underlying
condition. Supportive therapy, including diuretics, ACE
inhibitors, angiotensin receptor blockers, and statins, is
used in all patients to manage blood pressure, edema,
proteinuria, and lipid levels [11].

Considering the significance of MGN etiology for
therapeutic strategy, this study aimed to compare
clinical parameters, such as gender and age distribu-
tion, proteinuria levels, presence of hematuria, serum
total protein and albumin concentrations, markers of
renal excretory function, and the most common co-
morbidities, with pathohistological features, including
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njihovih lakih lanaca i komponenata komplementa na
imunofluorescentnoj mikroskopiji) medu pacijentima
sa primarnom i sekundarnom bolesc¢u.

METODE RADA

U retrospektivnoj studiji obuhvaéeno je 99 biopsijskih
uzoraka tkiva bubrega dijagnostikovanih kao MGN u pe-
riodu 2011 - 2023. godine na Institutu za patologiju ,Dr
Porde Joannovi¢” Medicinskog fakulteta u Beogradu.
Od pomenutih 99 uzoraka, 64 su pripadala pacijentima
le¢enim na Klinici za nefrologiju Univerzitetskog klinic-
kog centra Srbije, 27 pacijentima le¢enim u Klini¢ko-bol-
nickom centru ,Zvezdara®, 4 pacijentima le¢enim u Kli-
ni¢ko-bolni¢kom centru,Zemun’, 2 pacijentima le¢enim
na Univerzitetskoj decjoj klinici i 2 pacijentima le¢enim u
Institutu za zdravstvenu zastitu majke i deteta Srbije ,Dr
Vukan Cupi¢” Pacijenti su podeljeni u dve grupe u od-
nosu na etiologiju bolesti: pacijente sa primarnim MGN
(n =44) i pacijente sa sekundarnim MGN (n = 55).

Klinicki i laboratorijski podaci, zabeleZeni u vreme
biopsije, prikupljeni su pregledom medicinske doku-
mentacije pacijenata. Vrednosti proteinurije < 3,5 g/24
h oznacene su kao subnefrotske, dok su vrednosti > 3,5
g/24 h oznacene kao nefrotske [11]. Fizioloske vred-
nosti ukupnih proteina u serumu iznose 62 - 82 g/L, a
albumina 35-52 g/L [13]. Brzina glomerularne filtracije
procenjena je primenom CKD-EPI 2021 jednacine. Gra-
dus hroni¢ne bubrezne bolesti odreden je prema vred-
nostima procenjene brzine glomerularne filtracije [11].
Patohistoloski podaci su prikupljeni iz izvestaja pret-
hodno evaluiranih biopsijskih uzoraka tkiva bubrega.

Za statisti¢ku analizu koris¢en je program IBM SPSS
Statistics 22 (SPSS Inc., Cikago, llinois, SAD). Za proveru
normalnosti podataka koris¢ene su racunske meto-
de: koeficijent varijacije, skewness i kurtosis vrednosti.
Procena statisticke znacajnosti razlike u vrednostima
numerickih varijabli medu pacijentima sa primarnim i
sekundarnim MGN vriena je primenom Studentovog
t-testa za dva nezavisna uzorka, za podatke koji su pra-
tili normalnu raspodelu. Za podatke ¢ija raspodela nije
bila normalna ili su bili ordinalni primenjen je Mann-W-
hitney U test. Procena statisticke znacajnosti razlike u
ucestalostima nominalnih varijabli izmedu dveju gru-
pa pacijenata vrsena je primenom ¥? testa za rxk tabele
i FiSerovog testa taCne verovatnoce. Hipoteze su testi-
rane sa nivoom znacajnosti od 0,05.

REZULTATI
Klinicki parametri

Detaljan prikaz klini¢ckih parametara kod pacijenata
sa primarnim i sekundarnim MGN prikazan je u Tabe-
li 1. Od ukupno 99 pacijenata, 63,6% (n = 63) bile su

glomerular, tubulointerstitial, and vascular changes on
light microscopy, as well as the intensity of immuno-
globulin, light chain, and complement component de-
posits on immunofluorescence microscopy, between
patients with primary and secondary MGN.

METHODS

The retrospective study included 99 kidney biopsy
samples diagnosed as MGN between 2011 and 2023 at
the Institute of Pathology “Dr. Dorde Joannovi¢," Facul-
ty of Medicine, Belgrade. Of these 99 samples, 64 were
from patients treated at the Clinic for Nephrology, Uni-
versity Clinical Center of Serbia, 27 from the Clinical
Hospital Center “Zvezdara”, 4 from the Clinical Hospital
Center “Zemun”, 2 from the University Children’s Clinic;
and 2 from the Institute for Mother and Child Health
Protection of Serbia “Dr. Vukan Cupi¢”. Patients were
divided into two groups based on disease etiology:
those with primary MGN (n = 44) and those with sec-
ondary MGN (n = 55).

Clinical and laboratory data recorded at the time
of biopsy were collected through review of patients’
medical records. Proteinuria values < 3,5 g/24 h were
classified as subnephrotic, while values of > 3,5 g/24
h were classified as nephrotic [11]. Normal serum to-
tal protein levels range from 62 to 82 g/L, and albumin
from 35 to 52 g/L [13]. Glomerular filtration rate was
estimated using the CKD-EPI 2021 equation, and the
stage of chronic kidney disease was determined based
on the estimated glomerular filtration rate values [11].
Pathohistological data were obtained from the reports
of previously analyzed kidney biopsy samples.

Statistical analysis was performed using IBM SPSS
Statistics 22 (SPSS Inc., Chicago, Illinois, USA). Data nor-
mality was assessed using the coefficient of variation,
skewness, and kurtosis. For numerical variables with a
normal distribution, differences between patients with
primary and secondary MGN were evaluated using
the Student’s t-test for two independent samples. For
data with a non-normal distribution or ordinal scale,
the Mann-Whitney U test was applied. Differences in
the frequencies of nominal variables between the two
patient groups were assessed using the x° test for rxk
tables and Fisher’s exact test. Hypotheses were tested
at a significance level of 0.05.

RESULTS

Clinical parameters

A detailed overview of the clinical parameters in pa-
tients with primary and secondary MGN is presented
in Table 1. Among the 99 patients, 63.6% (n = 63) were
male and 36.4% (n = 36) were female. The secondary
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Tabela 1. Klinicki parametri ispitanika sa membranoznim glomerulonefritisom

Klinicki parametri / Clinical parameters

Muski / Male

Pol / Sex [n (%)] Zenski / Female

Starost (godine) / Age (years)

Subnefrotska / Subnephrotic

Rang proteinurije / Proteinuria range [n (%)]

Nefrotska /Nephrotic
Proteinurija / Proteinuria (g/24 h)

Odsutna / Absent
Hematurija / Haematuria [n (%)] :

Prisutna /Present

Ukupni proteini u serumu / Serum total protein (g/L)
Albumin u serumu / Serum albumin (g/L)
Kreatinin u serumu / Serum creatinine (umol/L)
Urea u serumu / Serum urea (mmol/L)
Procenjena brzina glomerulame filtracije / eGFR (mL/min)
a1
G2
G3
G4
G5
Odsutna / Absent
Prisutna /Present
Odsutna / Absent

Prisutna /Present

Gradus hroni¢ne bubrezne bolesti /
Chronic kidney disease grade [n (%)]

Hipertenzija / Hypertension [n (%)]

Dijabetes melitus / Diabetes mellitus [n (%)]
Legenda: MGN — membranozni glomerulonefritis

osobe muskog pola, dok su osobe Zenskog pola Cinile
preostalih 36,4% (n = 36). Sekundarnu formu bolesti
imalo je 69,4% (n = 25) osoba Zenskog pola naspram
47,6% (n = 30) osoba muskog pola, pri ¢emu je ova ra-
zlika u distribuciji prema polu bila statisticki znacajna
(p = 0,036). ProsecCna starost pacijenata sa primarnim
MGN iznosila je 52,8 £ 14,7 godine, a kod onih sa se-
kundarnim MGN 51,7 £ 15,9 godina (p = 0,704).

Vecina pacijenata je u vreme uzimanja biopsije
imala proteinuriju nefrotskog ranga. Kod 9,1% (n = 9)
ispitanika proteinurija je bila subnefrotska, a vecina
njih (n = 7) imala je MGN sekundarne etiologije. Me-
dijana vrednosti proteina u 24-¢asovnom urinu kod
pacijenata sa primarnim oblikom bolesti (medijana 8,8
g/24 h; opseg 2,9 - 55,0 g/24 h) bila je znatno viSa nego
kod onih sa sekundarnim MGN (medijana 6,9 g/24 h;
opseg 1,9 - 45,1 g/24 h), p = 0,018. Hematuriju, najce-
$¢e mikroskopsku, imalo je 34,3% (n = 34) ispitanika,
medu kojima je 73,5% (n = 25) pacijenata bilo sa sekun-
darnom bolescu (p = 0,009).

Table 1. Clinical parameters of subjects with membranous nephropathy

Primarni MGN /

Sekundarni MGN /

Primary MN Secondary MN
33 (75.0%) 30 (45.5%)
0.036
11 (25.0%) 25 (54.5%)
52.8+14.74 51.7+159 0.704
2 (4.5%) 7 (12.7%)
0.159
42 (95.5%) 48 (87.3%)
8.8 (2.9-55.0) 6.9 (1.9-45.1) 0.018
35 (79.5%) 30 (54.5%)
0.009
9 (20.5%) 25 (45.5%)
448 +7.87 50.1+7.67 0.011
22.6 £ 6.60 253 +6.40 0.085
88.5 (41-575) 87.5(21-419) 0.938
82142 8.0£5.1 0.874
89.1+459 72.2+433 0.125
14 (46.7%) 13 (35.1%)
9 (30.0%) 6 (16.2%)
4 (13.3%) 12 (32.4%) 0.110
3(10.0%) 4(10.8%)
0 (0.0%) 2 (5.4%)
12 (27.3%) 19 (34.5%)
0.438
32(72.7%) 36 (65.5%)
42 (95.5%) 49 (89.1%)
0.248
2 (4.5%) 6 (10.9%)

Legend: MN — membranous nephropathy; eGFR — estimated glomerular filtration rate

form of the disease was observed in 69.4% (n = 25) of
female patients compared to 47.6% (n = 30) of male
patients, a difference that was statistically significant
(p = 0.036). The mean age of patients with primary
MGN was 52.8 + 14.7 years, while that of patients with
secondary MGN was 51.7 = 15.9 years (p = 0.704).

Most patients exhibited nephrotic-range protein-
uria at the time of biopsy. Proteinuria was subnephrot-
icin 9.1% (n = 9) of cases, the majority of whom (n =7)
had secondary MGN.The median 24-hour urine protein
level in patients with primary MGN (median 8.8 g/24 h;
range 2.9-55.0 g/24 h) was significantly higher than in
those with secondary MGN (median 6.9 g/24 h; range
1.9-45.1 g/24 h; p = 0.018). Hematuria, mostly micro-
scopic, was observed in 34.3% (n = 34) of patients, with
73.5% (n = 25) of these cases occurring in patients with
secondary MGN (p = 0.009).

The mean total protein level in patients with prima-
ry MGN was 44.8 + 7.9 g/L, representing a significant-
ly greater reduction (p = 0.011) compared to patients
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Izmerena vrednost ukupnih proteina kod pacije-
nata sa primarnim MGN bila je 44,8 + 7,9 g/L, dakle sa
znatno vecim snizenjem vrednosti (p = 0,011) nego kod
ispitanika sa sekundarnim MGN (50,1 £ 7,7 g/L). Kon-
centracije serumskog albumina, iako snizene, nisu se
znatno razlikovale izmedu dveju grupa ispitanika (Ta-
bela 1).

Pokazatelji ekskretorne bubrezne funkcije (serum-
ske koncentracije uree i kreatinina, procenjena brzina
glomerularne filtracije i gradus hroni¢ne bubrezne
bolesti) nisu pokazali statisti¢ki znacajnu razliku kod
pacijenata sa primarnim i sekundarnim MGN, iako su
pacijenti sa gradusom G3, G4 i G5 hroni¢ne bubrezne
bolesti ¢eS¢e imali sekundarnu formu bolesti (Tabela 1).

Najcesc¢i komorbiditeti u ispitivanoj populaciji bili
su hipertenzija i dijabetes melitus. Medu pacijentima
sa hipertenzijom raspodela je bila priblizno jednaka
- 47,1% (n = 32) njih je imalo primarni MGN, a 52,9%
(n =36) sekundarni (p = 0,438). Sa druge strane, iako je
dijabetes melitus zabelezen kod svega 8,1% (n = 8) is-
pitanika, njih 75,0% (n = 6) imalo je sekundarnu formu
bolesti (p = 0,248).

Patohistoloski parametri

Na optickoj mikroskopiji kod svih pacijenata uoceno
je jednoli¢no zadebljanje glomerularne bazalne mem-
brane, karakteristi¢cno za pacijente obolele od MGN,
kako primarne, tako i sekundarne etiologije (Slika 1).
Pokazatelji hroni¢nih lezija glomerula (udeo globalno

A e
b g 2

.

i A

Slika 1. Promene u glomerulima na optickoj mikroskopiji u primarnom (A) Pe-
riodic acid-Schiff (PAS), x200, (B) Masson’s trichrome stain (MTS), x200, (C) Jones
methenamine silver (JMS), x400; i sekundarnom membranoznom glomerulo-
nefritisu, sa uocenom endokapilarnom hipercelularnoscu (D) PAS, x200, (E) MTS,
X200, (F) JMS, x200.

with secondary MGN (50.1 £ 7.7 g/L). Although serum
albumin levels were also reduced, no significant differ-
ence was observed between the two groups (Table 1).
Indicators of excretory renal function, including se-
rum urea and creatinine levels, estimated glomerular
filtration rate, and chronic kidney disease stage, did
not differ significantly between patients with primary
and secondary MGN, although higher stages of chron-
ic kidney disease (G3, G4, and G5) were more frequent-
ly observed in patients with secondary MGN (Table 1).
The most frequent comorbidities in the study
population were hypertension and diabetes mellitus.
Among patients with hypertension, the distribution
was nearly even, with 47.1% (n = 32) having prima-
ry MGN and 52.9% (n = 36) having secondary MGN
(p = 0.438). Diabetes mellitus was present in only 8.1%
(n = 8) of patients, yet 75.0% (n = 6) of these cases were
associated with secondary MGN (p = 0.248).

Histopathological parameters

On light microscopy, all patients exhibited uniform
thickening of the glomerular basement membrane, a
hallmark of MGN regardless of etiology (Figure 1). In-
dicators of chronic glomerular damage, such as the
proportion of globally and segmentally sclerotic glom-
eruli, did not differ significantly between primary and
secondary MGN (Table 2). Crescentic glomerular for-
mations were more common in patients with second-
ary MGN, although this difference was not statistically

e, 2 100 pm

Figure 1. Changes in glomeruli on light microscopy in primary (A) Periodic acid-
Schiff (PAS), x200, (B) Masson’s trichrome (MTS), X200, (C) Jones methenamine
silver (JMS), x400; and secondary membranous nephropathy, with evident
endocapillary hypercellularity (D) PAS, x200, (E) MTS, x200, (F) JMS, x200
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Tabela 2. Patohistoloski parametri ispitanika s membranoznim glomerulonefri-
tisom na optickoj mikroskopiji

Patohistoloski parametri / Pathohistological parameters

Udeo globalno skleroticnih glomerula / Global sclerotic glomeruli percentage (%)

Udeo glomerula sa segmentnom glomerulosklerozom / Segmental sclerotic glomeruli percentage (%)

Udeo glomerula sa polumesecima / Percentage of glomeruli with crescents (%)

Endokapilarna proliferacija / Odsutna / Absent
Endocapillary hypercellularity [n (%)] Prisutna / Present
. . Odsutna / Absent
Karioreksa / Karyorrhexis [n (%)] :
Prisutna / Present
Odsutna / Absent
Intersticijska fibroza / Blaga / Mild
Interstitial fibrosis [n (%)] Umerena / Moderate
Teska / Severe
Odsutna / Absent
i Blaga / Mild
Tubulska atrofija / Tubular atrophy [n (%)]
Umerena / Moderate
Teska / Severe
Hijalinizacija krvnih sudova / Odsutna / Absent
Blood vessels hyalinosis [n (%)] Prisutna / Present
Fibrointimalna hiperplazija / Odsutna/ Absent
Fibrointimal hyperplasia [n (%)] Y J

Legenda: MGN — membranozni glomerulonefritis

i segmentno skleroti¢nih glomerula) nisu pokazali zna-
¢ajne razlike medu ispitanicima sa primarnim i sekun-
darnim MGN (Tabela 2). Glomeruli sa polumesecastim
formacijama su bili ¢es¢i kod obolelih od sekundarnog
MGN, ali bez statisticke znacajnosti (p =0,091). Endoka-
pilarna proliferacija uocena je kod 9,1% (n = 9) ispitanih
uzoraka tkiva, medu kojima je 88,9% (n = 8) odgova-
ralo pacijentima sa sekundarnom bolesc¢u (p = 0,032),
(Tabela 2, Slika 1D). Karioreksa je uo¢ena kod svega dva
pacijenta sa sekundarnim MGN (p = 0,500).

Za razliku od hroni¢nih lezija krvnih sudova (hiper-
trofija medije, fibroelastoza intime i hijalinizacija krvnih
sudova), pokazatelji hroni¢nih lezija tubulointersticiju-
ma (intersticijska fibroza i tubulska atrofija) pokazali su
statisticki znacajnu razliku izmedu ispitivanih grupa,
pri ¢emu su ¢esce bile udruzene sa sekundarnim MGN
(Tabela 2).

Na imunofluorescentnoj mikroskopiji, pored IgG i
C3 komponente komplementa, iji sithozrnasti depo-
ziti duz glomerularne bazalne membrane predstavljaju
tipi¢an nalaz u MGN (Slika 2), izrazita pozitivnost ostalih
markera (IgA, IgM, C1q, k-lanci i A-lanci) znatno cesce je
bila udruzena sa sekundarnim MGN (Tabela 3).

Table 2. Pathohistological parameters of patients with membranous nephrop-
athy by light microscopy

Primarni MGN /

Sekundarni MGN /

Primary MN Secondary MN P
0.0 (0.0-66.7) 0.0 (0.0-61.5) 0.412
0.0 (0.0-20.0) 0.0 (0.0-42.9) 0.814
0.0 (0.0-14.3) 0.0 (0.0-40.0) 0.091

43 (97.7%) 46 (85.2%)

0.032
1(2.3%) 8(14.8%)
44 (100.0%) 52 (96.3%)
0.500
0 (0.0%) 2 (3.7%)

15 (34.1%) 8(14.8%)

24 (54.5%) 31(57.4%)

0.008
4(9.1%) 11 (20.4%)
1(2.3%) 4 (7.4%)

22 (50.0%) 14 (25.9%)

16 (36.4%) 30 (55.6%)

0.031

5(11.4%) 8(14.8%)

1(2.3%) 2 (3.7%)

30 (68.2%) 43 (78.2%)

0.261

14 (31.8%) 12 (21.8%)

20 (45.5%) 25 (45.5%)

1.000

24 (54.5%) 30 (54.5%)

Legend: MN — membranous nephropathy

significant (p = 0.091). Endocapillary proliferation was
noted in 9.1% (n = 9) of the examined tissue samples,
of which 88.9% (n = 8) were from patients with second-
ary MGN (p = 0.032) (Table 2, Figure 1D). Karyorrhex-
is was observed in only two patients with secondary
MGN (p = 0.500).

Unlike chronic vascular lesions (including medi-
al hypertrophy, intimal fibroelastosis, and vascular
hyalinization), indicators of chronic tubulointerstitial
damage, such as interstitial fibrosis and tubular atro-
phy, differed significantly between the groups, occur-
ring more frequently in patients with secondary MGN
(Table 2).

On immunofluorescence microscopy, in addition
to IgG and the complement component C3, whose
fine granular deposits along the glomerular base-
ment membrane represent a characteristic finding in
MGN (Figure 2), pronounced positivity for other mark-
ers (IgA, IgM, C1q, k chains, and A chains) was signifi-
cantly more frequently observed in secondary MGN
(Table 3).

DISCUSSION
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Tabela 3. Patohistoloski parametri pacijenata s membranoznim glomerulo-
neftitisom na imunofluorescentnoj mikroskopiji

Patohistoloski parametri / Pathohistological parameters

IgA [n (%)]

IgG [n (%)]

IgM [n (%)]

Qg [n (%)]

G n(%)]

k-lanci [n (%)]

Mlandi [n (%)]

Legenda: MGN — membranozni glomerulonefritis

+
++
+++

++
4t

++
+++

++
+++

++
+++

++
+++

Table 3. Pathohistological parameters of patients with membranous nephrop-

athy by immunofluorescence

Primarni MGN / Primary MN

32 (74.4%)

0 (0.0%)
6 (14.0%)
13 (30.2%)
17 (39.5%)
7 (16.3%)
41 (95.3%)

1(2.3%)
(0.0%)
(2.3%)
(76.7%)
3 (7.0%)
6 (14.0%)
1(2.3%)

0
1
33

Sekundarni MGN / Secondary MN

28 (50.9%)
7 (12.7%)
13 (23.6%)
7 (12.7%)
0 (0.0%)
0 (0.0%)
1(1.8%)
54 (98.2%
14 (25.5%
25 (45.5%
15(27.3%
1(1.8%)
9 (16.4%)
21 (38.2%)
19 (34.5%)
6 (10.9%)
6 (10.9%)
12(21.8%
15(27.3%
22 (40.0%
38 (69.1%
7 (12.7%)
7 (12.7%)
3(5.5%)
32 (58.2%)
4 (7.3%)
7 (12.7%)
12 (21.8%)

)
)
)
)

)
)
)
)

Legend: MN — membranous nephropathy

p

0.002

0.045

0.001

<0.001

0.046

0.001

0.023

Slika 2. Nalaz naimunofluorescentnoj mikroskopiji: sitnozrnasti depoziti (A) 1gG
i (B) (3 duz glomerularne bazalne membrane, x400

Figure 2. Immunofluorescence microscopy findings: fine granular deposits of (A)

IgG and (B) C3 along the glomerular basement membrane, x400
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DISKUSIJA

U ovoj retrospektivnoj studiji poredeni su klinicki i pa-
tohistoloski parametri izmedu pacijenata sa primar-
nim i sekundarnim MGN. Osobe muskog pola su ¢inile
63,6% ispitanika, sto je u skladu sa podacima iz litera-
ture, koji navode da je odnos muskog prema zenskom
polu u obolevanju od MGN 1,5 -2 : 1 [14,15]. Takode,
¢ak 69,4% ispitanika Zenskog pola imalo je sekundarni
oblik bolesti. Ovakva distribucija prema polu se moze
objasniti znacajnim udelom autoimunskih bolesti u
etiologiji sekundarnog MGN. Naime, osobe Zenskog
pola znatno ¢esée obolevaju od autoimunskih bole-
sti, koje mogu biti u osnovi sekundarnog oblika MGN
[7,16]. Takva bolest sa najvecom ucestalos¢u jeste si-
stemski eritemski lupus, kod kojeg bubreg moze po-
kazivati promene po tipu membranoznog glomerulo-
nefritisa, lupus nefritis klase V [17]. Osobe Zenskog pola
obolevaju 2 — 15 puta ¢esce od sistemskog eritemskog
lupusa [18,19].

Membranozni glomerulonefritis se najc¢esce pre-
zentuje nefrotskim sindromom: izrazenom proteinu-
rijom, hipoalbuminemijom, perifernim edemima ili
anasarkom, hiperlipidemijom i lipidurijom [20]. Jedna
trecina pacijenata sa primarnim MGN ulazi u sponta-
nu remisiju nakon vise meseci ili godina [21]. Vrednosti
proteinurije su vazan faktor progresije bolesti — vred-
nosti < 4 g/24 h su udruzene sa niskim rizikom, a vred-
nosti > 8 g/24 h sa visokim rizikom od progresije [22].
Nasi rezultati su pokazali statisticki znacajno vise vred-
nosti proteina u 24-¢asovnom urinu kod ispitanika sa
primarnim MGN. Posledi¢no, zbog veceg gubitka pro-
teina urinom, ispitanici sa primarnim oblikom bolesti
su imali znatno nize vrednosti ukupnih proteina u se-
rumu od fizioloskih.

Podaci iz literature ukazuju na to da prisustvo mi-
kroskopske hematurije, arterijske hipertenzije i pro-
mena u bubreznoj funkciji povecavaju verovatnocu
sekundarne etiologije MGN [23,24]. Rezultati nase stu-
dije ukazali su na statisti¢ki znacajno cesce javljanje mi-
kroskopske hematurije kod obolelih od sekundarnog
MGN (73,5%) u poredenju sa obolelima od primarnog.
Takode, pacijenti sa sekundarnom formom bolesti su
imali nize vrednosti procenjene brzine glomerularne
filtracije nego ispitanci sa primarnim MGN, kao i ¢esce
javljanje visih gradusa (G3, G4 i G5) hroni¢ne bubrezne
bolesti, ali ove razlike nisu dostigle statisticku znacaj-
nost. Nasuprot ovome, raspodela u prisustvu arterijske
hipertenzije nije pokazala razlike.

Pored toga $to predstavlja zlatni standard u postav-
lianju dijagnoze MGN, patohistoloska evaluacija biop-
sijskih uzoraka tkiva bubrega moze ukazati i na mo-
gucu etiologiju, primarnu odnosno sekundarnu. Tako
prisustvo mezangijalne i endokapilarne hipercelular-

In this retrospective study, clinical and pathohistologi-
cal parameters were compared between patients with
primary and secondary MGN. Male patients accounted
for 63.6% of the study population, which is consistent
with published data indicating a male-to-female ratio
of approximately 1.5-2:1 in the incidence of MGN [14,
15]. Moreover, as many as 69.4% of female patients had
a secondary form of the disease. This gender-based
distribution may be explained by the substantial con-
tribution of autoimmune diseases to the etiology of
secondary MGN, as women are considerably more like-
ly to develop autoimmune disorders, which can under-
lie the secondary form of MGN [7,16]. The autoimmune
disease most frequently associated with this pattern is
systemic lupus erythematosus, in which renal involve-
ment may manifest as membranous glomerulonephri-
tis, corresponding to class V lupus nephritis [17]. Sys-
temic lupus erythematosus occurs 2 to 15 times more
frequently in females [18,19].

Membranous glomerulonephritis most common-
ly presents with nephrotic syndrome, characterized
by marked proteinuria, hypoalbuminemia, peripheral
edema or anasarca, hyperlipidemia, and lipiduria [20].
Approximately one third of patients with primary MGN
achieve spontaneous remission after several months
oryears. [21]. Proteinuria levels are an important factor
in disease progression - values < 4 g/24 h are associat-
ed with a low risk, whereas values > 8 g/24 h are asso-
ciated with a high risk of progression [22]. Our results
demonstrated significantly higher 24-hour urinary pro-
tein levels in patients with primary MGN. Consequent-
ly, owing to greater urinary protein loss, patients with
the primary form of the disease exhibited significant-
ly reduced serum total protein levels compared with
physiological values.

Literature data indicate that the presence of mi-
croscopic hematuria, arterial hypertension, and im-
paired renal function increases the likelihood of a
secondary etiology of MGN [23,24]. The results of our
study showed that microscopic hematuria was sig-
nificantly more common in patients with secondary
MGN (73.5%) compared to those with primary MGN.
Additionally, patients with secondary MGN had lower
estimated glomerular filtration rates and a higher fre-
quency of advanced chronic kidney disease stages (G3,
G4, and G5) than those with primary MGN, although
these differences were not statistically significant. In
contrast, the prevalence of arterial hypertension did
not differ between the groups.

In addition to serving as the gold standard for di-
agnosing MGN, histopathological evaluation of kidney
biopsy samples can also suggest a possible etiology,
whether primary or secondary. Specifically, the pres-
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nosti na optickoj mikroskopiji sa ve¢om verovatnocom
ukazuje na sekundarnu etiologiju MGN [23]. Rezultati
nase studije upucuju na isti zaklju¢ak — od 9 uzoraka
tkiva sa uocenom endokapilarnom proliferacijom,
88,9% nijih je odgovaralo pacijentima sa sekundarnim
MGN. Pozitivnost na PLA R i THSD7A antigene upucuje
na primarnu etiologiju bolesti [25,26]. Sa druge stra-
ne, pozitivhost na EXT1 i EXT2 antigene udruZena je
sa autoimunskim bolestima kao etioloskim ¢iniocem
sekundarnog MGN (pre svega sistemskim eritemskim
lupusom), dok je NELL-1 u trecini slu¢ajeva udruzen sa
malignim oboljenjem [27,28].

JFull house” nalaz imunofluorescentne mikrosko-
pije predstavlja izrazitu pozitivnost na svih 5 markera,
IgG, C3, aliilgA, IgM i C1q, i odlika je pre svega sekun-
darnog MGN u okviru sistemskog eritemskog lupusa
[29]. Depoziti IgG i C3 komponente komplementa duz
glomerularne bazalne membrane predstavljaju karak-
teristican nalaz u membranoznom glomerulonefritisu,
bez obzira na etiologiju bolesti, ali je ipak primeéeno
da je njihova izrazita pozitivnost bila ¢eS¢e udruzena sa
sekundarnom bole3c¢u. Markeri IgA, IgM i C1q pokazali
su statisticki znacajnu razliku u distribuciji u odnosu na
etiologiju MGN i znatno e$¢e su bile prisutne umere-
na i izrazena pozitivnost na ove markere kod obolelih
od sekundarnog MGN. Razlike u distribuciji pozitivno-
sti na k-lance i A-lance ne mogu se adekvatno tumaciti
iz razloga Sto se ova dva markera do 2018. godine nisu
rutinski odredivala na Institutu za patologiju Medicin-
skog fakulteta u Beogradu.

ZAKLJUCAK

Osobe Zenskog pola ¢eSce boluju od sekundarnog
MGN. Karakteristike MGN sekundarne etiologije su
prisustvo hematurije, endokapilarne hipercelularnosti
i pozitivnosti imunofluorescence na markere koji se
ne vidaju u primarnom MGN (IgA, IgM, C1q), dok su
karakteristike MGN primarne etiologije znacajno vise
vrednosti proteinurije, pracene znacajno snizenom
koncentracijom proteina u serumu.

SPISAK SKRACENICA

MGN - membranozni glomerulonefritis
PMGN - primarni membranozni glomerulonefritis
sMGN - sekundarni membranozni glomerulonefritis

Sukob interesa: Nije prijavljen.

ence of mesangial and endocapillary hypercellularity
on light microscopy is more indicative of a secondary
etiology [23]. The results of our study support this con-
clusion-of the nine tissue samples exhibiting endo-
capillary proliferation, 88.9% were from patients with
secondary MGN. Conversely, positivity for PLA2R and
THSD7A antigens indicates a primary etiology [25,26].
On the other hand, positivity for EXT1 and EXT2 anti-
gens is linked to autoimmune diseases as the underly-
ing cause of secondary MGN, primarily systemic lupus
erythematosus, whereas NELL-1 positivity is associated
with malignancy in approximately one-third of cases
[27,28].

The “full house” pattern on immunofluorescence
microscopy, characterized by positivity for all five
markers, i.e., 1gG, C3, as well as IgA, IgM, and Cilq, is
primarily indicative of secondary MGN in the context
of systemic lupus erythematosus [29]. Deposits of IgG
and the complement component C3 along the glo-
merular basement membrane are a characteristic fea-
ture of membranous glomerulonephritis, regardless of
disease etiology; however, marked positivity for these
markers was more frequently observed in secondary
MGN. The distribution of IgA, IgM, and C1q positivity
differed significantly according to MGN etiology, with
moderate to strong positivity for these markers being
significantly more common in secondary MGN. Differ-
ences in k-chain and A-chain positivity could not be
adequately interpreted, as these markers were not rou-
tinely assessed at the Institute of Pathology, Faculty of
Medicine in Belgrade, until 2018.

CONCLUSION

Females are more likely to develop secondary MGN.
Features of secondary MGN include hematuria, endo-
capillary hypercellularity, and immunofluorescence
positivity for markers not typically seen in primary
MGN (IgA, IgM, C1q). In contrast, primary MGN is char-
acterized by significantly higher levels of proteinuria,
accompanied by markedly reduced serum protein con-
centrations.
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SAZETAK

Uvod: Osteoporoza je jedna od najcescih ekstraartikularnih komplikacija u mno-
gim hronicnim inflamatornim reumatskim bolestima, kao $to su: reumatoidni ar-
tritis, psorijazni artritis, ankilozirajuci spondilitis, sistemski eritemski lupus, i dr.

Metode: IstraZivali smo PubMed, Scopus i Web of Science baze podataka kako
bismo pronasli studije objavljene u poslednjih 10 godina. Rad je napisan u vidu
preglednog clanka.

Rezultati: Vecina studija kod postmenopauzalnih Zena pronalazi povezanost
izmedu visokog nivoa proinflamatornih markera i povecanog gubitka kostanog
tkiva. Literaturni podaci ukazuju na povezanost niskog rizika od velikih osteopo-
roti¢nih preloma, preloma kuka i nevertebralnih preloma kod pacijenata sa psori-
jaznim artritisom koji su na terapiji lekovima koji modifikuju tok bolesti. Procena
pacijenta sa autoimunskim reumatskim bolestima obuhvata anamnezu, klinicki
pregled, procenu rizika od preloma, laboratorijske analize, kao i osteodenzitome-
triju. Neprepoznavanje i netretiranje osteoporoze je uslovljeno sledecim faktori-
ma: nedovoljno znanje o osteoporozi i koristi od terapije, zabrinutost zbog mo-
gucih nezeljenih efekata terapije, slaba motivisanost i losa edukacija pacijenata.
Razvijeno je nekoliko razlicitih metoda za smanjenje propusta u prepisivanju
terapije, a medu njima se Fracture Liaison Service pokazao kao najefikasniji. Stra-
tegije za upravljanje osteoporozom obuhvataju edukaciju pacijenata, promene
Zivotnog stila, prevenciju padova, adekvatnu ishranu, kontrolu aktivnosti bolesti,
kao i uvodenje lekova za osteoporozu.

Zakljucak: Uprkos znacajnim naprecima u prevenciji, dijagnostici i tretmanu,
prevalencija osteoporoze je visoka i zahteva pravovremeno prepoznavanje i
sveobuhvatniji pristup. Procena faktora rizika od padova i preloma kostiju, kao
i potencijala za oporavak, od velikog je znacaja kod pacijenata sa autoimunskim
reumatskim bolestima.
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ABSTRACT

Introduction: Osteoporosis is one of the most common extra-articular compli-
cations in many chronic inflammatory rheumatic diseases, including rheumatoid
arthritis, psoriatic arthritis, ankylosing spondylitis, and systemic lupus erythe-
matosus etc..

Methods: We searched the PubMed, Scopus, and Web of Science databases for
studies published within the last 10 years. This is a review article.

Results: Most studies on postmenopausal women have found a correlation
between high levels of pro-inflammatory markers and increased bone loss.
Literature data indicate a link between a low risk of major osteoporotic frac-
tures, hip fractures, and non-vertebral fractures in patients with PsA who are
on disease-modifying therapies. Patient assessment in autoimmune rheumatic
inflammatory diseases includes medical history, clinical examination, fracture
risk assessment, laboratory tests, and bone densitometry. The lack of adequate
diagnosis and treatment of osteoporosis is influenced by factors such as insuffi-
cient knowledge about osteoporosis and its therapeutic benefits, concerns about
potential side effects of treatment, low motivation, and inadequate patient
education on the subject. Several methods have been developed to reduce pre-
scribing errors and oversights, with the Fracture Liaison Service proving to be the
most effective. Strategies for managing osteoporosis include patient education,
lifestyle modifications, fall prevention, proper nutrition, disease activity control,
and the introduction of osteoporosis medication.

Conclusion: Despite significant advances in prevention, diagnosis, and treat-
ment, the prevalence of osteoporosis remains high and requires timely recog-
nition and a more comprehensive approach. Assessing risk factors for falls and
fractures, as well as recovery potential, is crucial in patients with autoimmune
rheumatic inflammatory diseases.

Keywords: osteoporosis, prevalence, risk factors, fractures, therapy
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uvoD

Prema definiciji Svetske zdravstvene organizacije (5ZO),
osteoporoza je sistemska, progresivna bolest skeleta,
koju karakterise smanjena kostana masa, te mikroarhi-
tektonsko propadanje kostanog tkiva sa posledi¢nim
povecanjem krhkosti kostiju i podloznosti prelomima.
Snaga kostiju odrazava integraciju dve glavne karakte-
ristike: gustinu i kvalitet kostiju. Osteoporoza je siroko
rasprostranjeno oboljenje od koje oboleva jedna od tri
zene, kao i jedan od pet muskaraca starosti preko 50
godina [1]. NajugrozZenija populacija su zene u postme-
nopauzi [2]. Prema rezultatima meta-analize iz 2022.
godine, prevalencija osteoporoze i osteopenije se kre-
¢e od 19,7%-40,4% [3]. Medu najc¢es¢im faktorima rizika
od osteoporoze izdvajaju se: godine starosti, Zenski pol,
genetska predispozicija, pusenje, ¢esta konzumacija al-
kohola, neadekvatna ishrana i smanjen unos kalcijumaii
vitamina D, hroni¢na upotreba sistemskih kortikostero-
ida, kao i komorbiditeti medu kojima su i autoimunska
oboljenja, naj¢esce reumatoidni artritis (RA) [4]. Osteo-
poroza predstavlja znacajnu i ¢esto nedovoljno prepo-
znatu komplikaciju u autoimunskim bolestima. Preva-
lencija autoimunskih reumatskih bolesti (AIRB) proce-
njena je na 3.225/100.000 [5]. Rano prepoznavanje ovih
bolesti je klju¢no za sprecavanje njihovih komplikacija i
za zapocinjanje odgovarajuceg lecenja [6].

Prevalencija osteoporoze je znacajno veca kod paci-
jenata obolelih od reumatoidnog artritisa u odnosu na
opstu populaciju, i do 27, 6%, $to se objasnjava patofizio-
loskim mehanizmima razvoja ovog oboljenja, kao i tera-
pijskim opcijama kod obolelih od reumatoidnog artritisa,
koje vrlo cesto ukljucuju hroni¢nu upotrebu sistemske
koritkosteroidne terapije [7]. Rezultati analize 21 objav-
liene studije pokazuju da se prevalencija osteoporoze
kod obolelih od psorijaznog artitisa (PsA) krece od 1,4%
do 68,8% [8]. Prema podacima retrospektivne studije iz
2024. godine, incidencija osteoporoze i osteopenije kod
obolelih od psorijaznog artritisa krece se izmedu 11,7% i
33,1% [9]. Kod osoba muskog pola mladih od 50 godina,
PsA moze da doprinese ranijem gubitku kostane mase
u odnosu na tradicionalne faktore rizika [9]. Pacijenti sa
psorijaznim artritisom imaju i poviseni rizik od preloma
kostiju u odnosu na opstu populaciju [10].

Osteoporoza je cCesta pojava kod obolelih od an-
kiloziraju¢eg spondilitisa (AS), ali se nedovoljno pre-
poznaje u klinickoj praksi [11]. Kombinovana analiza
u vidu dvoenergetske rendgenske apsorptiometrije
(engl. dual-energy X-ray absorptiometry — DXA) i kvanti-
tativne kompjuterizovane tomografije kod pacijenata
sa ranim i dugotrajnim AS pokazala je smanjenu mi-
neralnu kostanu gustinu (engl. bone mineral density —
BMD) i gubitak kostane mase u ki¢mi i kukovima [12].
Prevalencija osteoporoze kod obolelih od aksijalnog

OSTEOPOROSIS IN AUTOIMMUNE DISEASES

INTRODUCTION

According to the World Health Organization (WHO)
definition, osteoporosis is a systemic, progressive skel-
etal disease characterized by reduced bone mass and
microarchitectural deterioration of bone tissue, result-
ing in increased bone fragility and susceptibility to
fractures. Bone strength reflects the integration of two
main characteristics: bone density and bone quality.
Osteoporosis is a widespread condition, affecting one
in three women and one in five men over the age of 50
years [1]. The population that is at greatest risk com-
prises postmenopausal women [2]. According to the
results of a 2022 meta-analysis, the prevalence of oste-
oporosis and osteopenia ranges from 19.7% to 40.4%
[3]. Among the most common risk factors for osteopo-
rosis are advanced age, female sex, genetic predispo-
sition, smoking, frequent alcohol consumption, inade-
quate nutrition, reduced intake of calcium and vitamin
D, chronic use of systemic corticosteroids, as well as
comorbidities, including autoimmune diseases, most
commonly rheumatoid arthritis (RA) [4]. Osteoporosis
represents a significant and often underrecognized
complication in autoimmune diseases. The prevalence
of autoimmune rheumatic diseases (ARDs) is estimated
at 3,225 per 100,000 population [5]. Early recognition
of these diseases is crucial for preventing complica-
tions and for initiating appropriate treatment [6].

The prevalence of osteoporosis is significantly
higher in patients with rheumatoid arthritis than in the
general population, as much as by 27.6%, which can
be explained by the pathophysiological mechanisms
of the disease as well as by therapeutic approaches
in rheumatoid arthritis, which very often include the
chronic use of systemic corticosteroid therapy [7]. The
results of an analysis of 21 published studies indicate
that the prevalence of osteoporosis in patients with
psoriatic arthritis (PsA) ranges from 1.4% to 68.8% [8].
According to data from a retrospective study pub-
lished in 2024, the incidence of osteoporosis and os-
teopenia in patients with psoriatic arthritis ranges
between 11.7% and 33.1% [9]. In males younger than
50 years, PsA may contribute to earlier bone mass loss
compared with traditional risk factors [9]. Patients with
psoriatic arthritis also have an increased fracture risk,
as compared with the general population [10].

Osteoporosis is a common condition in patients
with ankylosing spondylitis (AS) but remains under-
recognized in clinical practice [11]. A combined assess-
ment using dual-energy X-ray absorptiometry (DXA)
and quantitative computed tomography revealed re-
duced bone mineral density (BMD) and bone loss in the
spine and hips of patients with early and long-stand-
ing AS [12]. The prevalence of osteoporosis in patients
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Tabela 1. Prevalencija osteoporoze u razlicitim populacijama i autoimunskim reumatskim bolstima (AIRB)

Y .. . Tod3Zene, 1od5 Starost, Zenski pol, genetika, pusenje, alkohol, neadekvatan unos kalcijuma i vita-
Opsta populacija >50 godina L . . . 1-3
muskaraca mina D, kortikosteroidi
Reumatoidni artritis (RA) Do 27,6% Patofizioloski mehanizmi + hroni¢na upotreba kortikosteroida 47
Psorijazni artritis (PsA) 1.4%-68 8% Kpfi muskaraca <50 godina moZe uzrokovati raniji gubitak koStane mase; poviseni 8-10
rizik od preloma
Ankilozirajuci spondilitis (AS) 13%-25% Nedovoljno prepoznat; smanjena BMD u ki¢mi i kukovima 11,12
Aksijalni spondiloartritis (axSpA) 11,7%-34,4% Deficit vitamina D, smanjena mobilnost/rizik od preloma 11% — 24,6% 13
. . ) Osteoporoza: ~13%; Hronicna upotreba glukokortikoida, trajanje bolesti, rana menopauza, hipovitami-
Sistemsid eritemskilupus (SEL) Osteopenija: ~38% noza vitamina D/ 1,8 vedi rizik od preloma, 4 veci rizik od preloma kicme 1415

Table 1. Prevalence of osteoporosis in different populations and autoimmune rheumatic diseases (AIRDs)

Prevalence of
osteoporosis/osteopenia

Disease/Population

Risk factors/Annotations

Reference

Age, female sex, genetics, smoking, alcohol, inadequate calcium and vitamin D intake,

General population >50 years 1in3 women; 1in 5 men corticosteroids 1-3
Rheumatoid arthritis (RA) Up t0 27.6% Pathophysiological mechanisms + chronic corticosteroid use 4,7
Psoriatic arthritis (Psh) 1.49%-68.8% Lrl] rr:sen <50 years of age, it may cause earlier loss of bone mass; increased risk of frac- 8-10
Ankylosing spondylitis (AS) 13%-25% Insufficiently recognized; reduced BMD in the spine and hips 11,12

Axial spondyloarthritis (axSpA) 11.7%-34.4%

Vitamin D deficiency, reduced mobility/fracture risk 11%—24.6% 13

Systemic lupus erythematosus
(SLE)

Osteoporosis: ~13%;
Osteopenia: ~38%

Chronic glucocorticoid use, disease duration, early menopause, vitamin D hypovitamin-
osis/1.8 x increased fracture risk, 4 x increased risk of vertebral fractures

14,15

spondiloartritisa (engl. axial spondyloarthritis — axSpA)
se krece izmedu 11,7% i 34,4%, dok je rizik od preloma
kostiju izmedu 11% i 24,6%, uz znacajne faktore rizika,
kao $to su deficit vitamina D i smanjena mobilnost pa-
cijenata zbog osnovnog oboljenja [13].

Prevalencija osteoporoze kod pacijenata obolelih
od sistemskog eritemskog lupusa (SEL) je oko 13%, a
osteopenije oko 38% [14]. Glavni faktori rizika kod ove
populacije su hroni¢na upotreba glukokortikoida, du-
Zina trajanja bolesti i rana menopauza sa snizenom ko-
stanom mineralnom gustinom (engl. bone mineral den-
sity—BMD) i hipovitaminozom vitamina D [15]. Pacijenti
sa sistemskim eritemskim lupusom imaju 1,8 puta veci
opstirizik od nastanka preloma i Cetiri puta vedirizik od
nastanka preloma ki¢menih priljenova [14]. Rezultati
navedenih studija prikazani su u Tabeli 1. Tabela prika-
zuje prevalenciju osteoporoze i osteopenije u opstoj
populaciji i kod pacijenata sa razli¢itim inflamatornim
reumatskim bolestima, uz navodenje glavnih faktora
rizika i specificnih napomena za svaku grupu.

MATERIJALI | METODE

Metodologija ovog rada zasnovana je na pregledu li-
terature iz baza: PubMed, Scopus i Web of Science, ko-

with axial spondyloarthritis (axSpA) ranges from 11.7%
to 34.4%, while the fracture risk ranges from 11% to
24.6%, with significant risk factors including vitamin D
deficiency and reduced patient mobility due to the un-
derlying disease [13].

The prevalence of osteoporosis in patients with
systemic lupus erythematosus (SLE) is approximately
13%, while the prevalence of osteopenia is approxi-
mately 38% [14]. The main risk factors in this population
include chronic glucocorticoid use, disease duration,
and early menopause associated with reduced bone
mineral density (BMD) and vitamin D hypovitaminosis
[15]. Patients with SLE are at a 1.8 times higher over-
all fracture risk and at a four times higher risk of verte-
bral fractures [14]. The results of the above-described
studies are presented in Table 1. The table summarizes
the prevalence of osteoporosis and osteopenia in the
general population and among patients with various
inflammatory rheumatic diseases, highlighting key risk
factors and specific annotations for each group.

MATERIALS AND METHODS

The methodology of this study is based on a literature
review of the PubMed, Scopus, and Web of Science da-
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risteci klju¢ne reci povezane sa reumatskim bolestima
i osteoporozom (osteoporoza, prevalencija, faktori
rizika, prelomi, terapija). Ukljuceni su ¢lanci objavljeni
na engleskom jeziku u poslednjih deset godina, koji
se odnose na odrasle pacijente i pruzaju podatke o
prevalenciji, faktorima rizika i terapijskim pristupima.
Isklju¢eni su radovi koji nisu relevantni, studije sa pe-
dijatrijskom populacijom i prikazi slu¢ajeva. Prikuplje-
ni podaci analizirani su deskriptivno i tematski, sa fo-
kusom na klini¢ke karakteristike, mehanizme gubitka
kostane mase i strategije le¢enja. Rad je napisan u vidu
preglednog ¢lanka.

Faktori koji uti¢u na kostanu mineralnu gustinu
kod autoimunskih reumatskih bolesti

Hroni¢ni inflamatorni odgovori kod autoimunskih re-
umatskih bolesti (AIRB), kao $to su reumatoidni artritis
i sistemski eritemski lupus, aktiviraju osteoklaste, cime
ubrzavaju resorpciju kostiju i dovode do smanjenja
kostane gustine [16]. Citokini koje oslobadaju imun-
ske celije tokom inflamatornog odgovora uti¢u na
metabolizam kostiju, podsticuéi razvoj osteoporoze.
Formiranje sindezmofita i ankiloze dodatno povecava-
ju opterecenje u kortikalnim zonama i paravertebral-
nim ligamentima, a gubitak trabekularne kosti u ver-
tebralnim telima moze dovesti do smanjenja ko3tane
mineralne gustine [17]. Bol i ograni¢ena pokretljivost
uzrokovani ovim bolestima smanjuju fizicku aktivnost
pacijenata, sto dalje utice na zdravlje kostiju [18].

Moguca veza izmedu psorijaznog artritisa (PsA) i
osteoporoze moze se naci u izrazenijoj demineralizaciji
uocenoj kod pacijenata sa PsA, koja se intenzivira sta-
renjem, nedostatkom estrogena i pogorsanim indek-
sima kvaliteta Zivota [19]. Istrazivanja su pokazala da
pacijenti sa PsA imaju vecu verovatnocu za razvoj frak-
tura u poredenju sa zdravom kontrolnom grupom bez
psorijaze, ali nije sa sigurnos¢u potvrdena povezanost
visokog rizika od fraktura sa snizenom mineralnom ko-
stanom gustinom. Dalja istraZivanja su neophodna radi
utvrdivanja PsA kao faktora rizika od osteoporoze [20].
Noviji literaturni podaci su pokazali da kod pacijenata
sa PsA, muskarci imaju povecan rizik od osteoporoze,
kao i od osteoporoticnih fraktura, ¢ak i ako su mladi od
50 godina [21]. PsA je opisan kao nezavisni faktor rizika
za smanjenu gustinu kostiju i padove, a samim time i za
povezane frakture [22].

Pacijenti oboleli od ankiloziraju¢eg spondilitisa (AS)
imaju snizen BMD i povecan rizik od preloma. Dodatni
rizik od osteoporoze i fraktura imaju mladi pacijenti i
pacijenti u ranim fazama ove bolesti [23]. Vertebralne
frakture kod AS su cesto nestabilne zbog okostavanja
potpornih i elasti¢nih ligamenata. Inflamatorni citokini,
ukljucujuci faktor tumorske nekroze (engl. tumor necro-
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tabases, using keywords related to rheumatic diseases
and osteoporosis (osteoporosis, prevalence, risk fac-
tors, fractures, therapy). Articles published in English
within the last ten years focusing on adult patients and
reporting data on prevalence, risk factors, and thera-
peutic approaches were included. Studies that were
not relevant, those involving pediatric populations,
and case reports were excluded. The collected data
were analyzed descriptively and thematically, with a
focus on clinical characteristics, mechanisms of bone
loss, and treatment strategies. This is a review article.

Factors affecting bone mineral density in
autoimmune rheumatic diseases

Chronic inflammatory responses in autoimmune rheu-
matic diseases (ARDs), such as rheumatoid arthritis and
systemic lupus erythematosus, activate osteoclasts,
thereby accelerating bone resorption and leading to re-
duced bone density [16]. Cytokines released by immune
cells during the inflammatory response affect bone me-
tabolism, promoting the development of osteoporosis.
The formation of syndesmophytes and ankylosis further
increases mechanical load in cortical bone regions and
paravertebral ligaments, while the loss of trabecular
bone in vertebral bodies can result in decreased bone
mineral density [17]. Pain and reduced mobility caused
by these diseases limit patients’ physical activity, which
further adversely affects bone health [18].

A possible link between psoriatic arthritis (PsA) and
osteoporosis may be found in the more pronounced
demineralization observed in patients with PsA, which
is intensified by aging, estrogen deficiency, and im-
paired quality-of-life indexes [19]. Studies have shown
that patients with PsA are more likely to develop frac-
tures compared with a healthy control group without
psoriasis; however, a definite association between a
high fracture risk and reduced bone mineral densi-
ty has not been conclusively established. Further re-
search is needed to confirm PsA as a risk factor for oste-
oporosis [20]. More recent literature data have shown
that in patients with PsA, men have an increased risk
of osteoporosis as well as of osteoporotic fractures,
even when they are younger than 50 years [21]. PsA
has been described as an independent risk factor for
reduced bone density and falls, and consequently for
associated fractures [22].

Patients with ankylosing spondylitis (AS) have re-
duced bone mineral density (BMD) and an increased
fracture risk. Younger patients and those in the early
stages of the disease are at additional risk of osteopo-
rosis and fractures [23]. Vertebral fractures in AS are
often unstable due to ossification of supporting and
elastic ligaments. Inflammatory cytokines, including
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sis factor — TNF)-alfa i interleukini (IL): IL-1, IL-6 | IL-17, po-
vecavaju aktivnost osteoklasta i razgradnju kostiju [24].
Istrazivanja pokazuju da su gubitak koStane mase i pre-
lomi povezani sa sistemskim eritemskim lupusom (SEL),
$to nije u vezi samo sa samom boles¢u, vec i sa niskim
nivoom vitamina D i neZeljenim efektima terapije [25].

Uticaj lekova za lec¢enje autoimunskih
reumatskih bolesti na kostanu mineralnu
gustinu

Lekovi koji se primenjuju kod autoimunskih reu-
matskih bolesti su neophodni za leCenje osnovnog
oboljenja, ali imaju brojna nezeljena dejstva na mi-
Si¢no-skeletni sistem i gustinu kostiju. Zbog svog an-
tiinflamatornog efekta, glukokortikoidna terapija se
Cesto primenjuje kod obolelih od AIRB. Razumevanje
mehanizama delovanja glukokortikoida na kost, imu-
noloskih veza i vitamina D, kao i prepoznavanje uticaja
hroni¢ne inflamacije na kostani metabolizam omogu-
¢ava bolje razumevanje nezeljenih efekata na skelet
[26]. Glukokortikoidi umanjuju apsorpciju kalcijuma u
digestivnom traktu, povecavaju ekskreciju kalcijuma
putem bubrega i suprimiraju funkciju osteoblasta sto
sve dovodi do smanjene sinteze kostanog tkiva. Tako-
de doprinose apoptozi osteocita i osteoblasta, sto do-
vodi do povecane resorpcije kostiju. Ovi efekti zajedno
doprinose smanjenju BMD-a i povecanju rizika od pre-
loma kostiju [27]. Rizik od preloma kostiju, posebno od
preloma ki¢menih prsljenova, znacajno se povecava
nakon kontinuirane upotrebe glukokortikoida tokom
tri meseca i nastavlja da se povecava sa njihovom sve
duzom upotrebom [28]. Doze kortikosteroida koje su
na dnevnom nivou vece od 7,5 mg povecavaju rizik
od velikih osteoporotic¢nih fraktura za 15%, a od pre-
loma kuka za 20% [29]. Kako bi se ovi nezeljeni efekti
ublazili preporucuje se da se koriste najnize delotvorne
terapijske doze glukokortikoida i to tokom najkraceg
moguceg vremenskog perioda. Uz kortikosteroide je
neophodna primena vitamina D i kalcijuma, kako bi se
smanijili Stetni efekti na kostano tkivo [29].

Klasi¢ni lekovi koji modifikuju tok bolesti (engl.
disease-modifying therapies/drugs), ukljucujuci meto-
treksat i sulfasalazin, koji se rutinski upotrebljavaju kod
obolelih od AIRB, imaju maniji uticaj na BMD u odnosu
na glukokortikoide. Metotreksat je u nekim studijama
povezan sa redukcijom sinteze koStanog matriksa, me-
dutim razlozi za ovo jo$ uvek nisu u potpunosti razjas-
njeni. Pacijenti koji se nalaze na terapiji metotreksatom
mogu imati povisen rizik od preloma kostiju, $to se ne
povezuje sa upotrebom terapije nego sa osnovnom
bolescu i drugim faktorima rizika [30].

BioloSka terapija (inhibitori TNF i inhibitori IL)
usmerena je na specificne komponente imunskog

tumor necrosis factor (TNF)-alpha and interleukins (IL)
such as IL-1, IL-6, and IL-17, increase osteoclast activity
and bone resorption [24]. Studies indicate that bone
loss and fractures are associated with systemic lupus
erythematosus (SLE), which is associated not only with
the disease itself but also with low vitamin D levels and
adverse effects of therapy [25].

The effect of medications used in the treatment
of autoimmune rheumatic diseases on bone
mineral density

Medications used in the treatment of autoimmune
rheumatic diseases are essential for managing the
underlying condition but have numerous adverse ef-
fects on the musculoskeletal system and bone density.
Owing to its anti-inflammatory effects, glucocorticoid
therapy is frequently used in patients with autoimmune
rheumatic diseases (ARDs). Understanding the mecha-
nisms of action of glucocorticoids on bone, the immu-
nological interactions, and the role of vitamin D, as well
as recognizing the impact of chronic inflammation on
bone metabolism, enables a better understanding of
their adverse skeletal effects [26]. Glucocorticoids re-
duce calcium absorption in the gastrointestinal tract,
increase renal calcium excretion, and suppress osteo-
blast function, all of which lead to decreased bone
tissue synthesis. They also promote apoptosis of os-
teocytes and osteoblasts, resulting in increased bone
resorption. Together, these effects contribute to a
reduction in BMD and an increased fracture risk [27].
The fracture risk, particularly for vertebral fractures,
increases significantly after continuous glucocorticoid
use for three months and continues to rise with lon-
ger duration of therapy [28]. Daily corticosteroid doses
exceeding 7.5 mg increase the risk of major osteopo-
rotic fractures by 15% and the risk of hip fractures by
20% [29]. To mitigate these adverse effects, it is recom-
mended to use the lowest effective therapeutic doses
of glucocorticoids for the shortest possible duration.
Concomitant administration of vitamin D and calcium
is necessary to reduce the harmful effects of glucocor-
ticoids on bone tissue [29].

Conventional disease-modifying drugs (dis-
ease-modifying antirheumatic drugs, DMARDs), includ-
ing methotrexate and sulfasalazine, which are routine-
ly used in patients with ARDs, have a lesser impact on
BMD compared with glucocorticoids. In some studies,
methotrexate has been associated with reduced bone
matrix synthesis; however, the reasons for this associa-
tion have not yet been fully clarified. Patients receiving
methotrexate therapy may have an increased fracture
risk, which is attributed not to the medication itself but
to the underlying disease and other risk factors [30].
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odgovora, kako bi se suzbili inflamatorni procesi u
organizmu. Time $to umanjuju sistemsku inflamaciju,
ovi lekovi imaju pozitivan efekat na BMD i umanjuju
resorpciju kostiju kod pacijenata sa RA i drugim AIRB
[31]. Inhibitori Janus kinaze (JK), kao Sto su tofaciti-
nib i baricitinib, predstavljaju noviju grupu lekova
koji modifikuju tok bolesti primenjivanih u le¢enju
AIRB. Njihov uticaj na BMD je jo$ uvek nepoznat. Pre-
ma do sada prikupljenim podacima, smatra se da bi
oni mogli da imaju neutralan ili ¢ak pozitivan efekat
na kostani metabolizam [32]. Hormonska supstituci-
ona terapija (HST) ima znacajnu ulogu u autoimun-
skim bolestima. Kod hipotireoze indukovane autoi-
munskim tireoiditisom nadoknada hormona Stitaste
zlezde odrzava eutiroidni status, smanjuje simptome
hipotireoze i doprinosi oCuvanju kostane mase. Time
se smanjuje rizik od osteoporoze i preloma, 5to je Cest
problem kod pacijenata sa hroni¢nim autoimunskim
poremedajima [33].

DIJAGNOSTIKA

Zlatni standard za postavljanje dijagnoze osteoporo-
ze je DXA dijagnostika, koja meri kostanu mineralnu
gustinu. Dijagnosti¢ki proces zapocinje klinickom
procenom faktora rizika, koja obuhvata podatke o
godinama, polu, prethodnim prelomima, porodi¢noj
anamnezi osteoporoze, upotrebi glukokortikoida i
nacinu Zivota [34,35]. Nakon identifikovanja rizi¢nih
pacijenata, sledi izvodenje DXA pregleda u predelu
lumbalne ki¢me i vrata femura. Glavni kriterijum ne-
ophodan za postavljanje dijagnoze osteoporoze je
T-skor < -2,5 [36]. Medutim, dijagnosticki kriterijumi
se ne zasnivaju samo na T-skoru, vec je potrebno uzeti
u obzir i rizik od preloma, koji se procenjuje na osno-
vu prethodnih preloma, komorbiditeta i drugih fak-
tora rizika [37]. Z-skor se koristi kod mladih osoba i
Zzena u perimenopauzi; vrednosti < -2 ukazuju na BMD
nizi od ocekivanog za starosno doba pacijenta [38].
Klinicke smernice preporucuju da se DXA uradi kod
svih Zena starijih od 65 godina, kao i kod mladih zena
u postmenopauzi i muskaraca starijih od 50 godina sa
dodatnim faktorima rizika [38].

Dopunska laboratorijska dijagnostika ukljucuje
procenu parametara koStanog metabolizma (parat-
hormon, N - terminalni propeptid prokolagena tipa
1, kostana alkalna fosfataza, beta-kroslaps, fosfor,
vitamin D i kalcijum), kao i funkcije tireoidne i para-
tiroidne zlezde. Fracture Risk Assessment Tool (FRAX)
predstavlja koristan internetski alat koji izraCunava
desetogodisnju verovatnocu preloma kuka ili drugih
znacajnih preloma [39]. Unapredena verzija, FRAX
plus, uklju¢uje dodatne faktore, kao sto su: lokaliza-
cija prethodnih preloma, broj padova u prethodnoj

OSTEOPOROSIS IN AUTOIMMUNE DISEASES

Biological therapy (TNF inhibitors and IL inhibitors)
targets specific components of the immune response
to suppress inflammatory processes in the body. By
reducing systemic inflammation, these agents have a
positive effect on BMD and decrease bone resorption
in patients with RA and other ARDs [31]. Janus kinase
(JAK) inhibitors, such as tofacitinib and baricitinib,
represent a newer group of disease-modifying agents
used in the treatment of ARDs. Their impact on BMD
is not yet fully known. Based on currently available
data, they are considered to have a neutral or even
potentially positive effect on bone metabolism [32].
Hormone replacement therapy (HRT) plays an import-
ant role in autoimmune diseases. In hypothyroidism
induced by autoimmune thyroiditis, thyroid hormone
replacement maintains a euthyroid state, reduces hy-
pothyroid symptoms, and contributes to the preserva-
tion of bone mass. This reduces the risk of osteoporosis
and fractures, which are common problems in patients
with chronic autoimmune disorders [33].

DIAGNOSTICS

The gold standard for diagnosing osteoporosis is du-
al-energy X-ray absorptiometry (DXA), which mea-
sures bone mineral density (BMD). The diagnostic
process begins with a clinical assessment of risk fac-
tors, including age, sex, previous fractures, family his-
tory of osteoporosis, glucocorticoid use, and lifestyle
factors [34,35]. After identifying patients at risk, DXA
examination of the lumbar spine and femoral neck is
performed. The main criterion required for establish-
ing a diagnosis of osteoporosis is a T-score < —2.5 [36].
However, diagnostic criteria are not based solely on
the T-score. The fracture risk must also be taken into
account, as assessed on the basis of previous frac-
tures, comorbidities, and other risk factors [37]. The
Z-score is used in younger individuals and perimeno-
pausal women; values < —2 indicate BMD lower than
expected for the patient’s age [38]. Clinical guidelines
recommend performing DXA in all women older than
65 years, as well as in younger postmenopausal wom-
en and men older than 50 years with additional risk
factors [38].

Additional laboratory diagnostics include assess-
ment of bone metabolism parameters (parathyroid
hormone, N-terminal propeptide of type | procollagen,
bone alkaline phosphatase, beta-CrossLaps, phospho-
rus, vitamin D, and calcium), as well as evaluation of
thyroid and parathyroid gland function. The Fracture
Risk Assessment Tool (FRAX) is a useful online tool that
calculates the 10-year probability of hip fracture or oth-
er major osteoporotic fractures [39]. An enhanced ver-
sion, FRAX Plus, incorporates additional factors such as
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Tabela 2. Tumacenje vrednosti skora trabekularne kosti (engl. trabecular bone score — TBS)

Aspekt Opis Ref.
Definicija Indirektni parametar kvaliteta trabekularne mikroarhitekture, izveden iz DXA pregleda lumbalne kicme. 41
Nacin merenja Racunarski algoritam analizira varijacije u sivoj skali DXA slike L1-L4 regiona, nezavisno od BMD. 41
TBS > 1,350 — normalna mikroarhitektura
Vrednosti (granice) TBS 1,200-1,350 — degradirana mikroarhitektura 49
TBS < 1,200 — znacajno degradirana mikroarhitektura
s Pruza dodatnu procenu rizika od preloma, nezavisno od BMD — Moze razlikovati pacijente sa sli¢nim T-skorom ali razlicitim
Klinicki znacaj . 4
rizikom od preloma
. Jednostavno: koristi postojece DXA preglede — Nema dodatno zracenje — Korisno kod pacijenata sa sekundarnom osteoporo-
Prednosti . 43
zom (RA, SEL, DM tip 2)
- Manja pouzdanost kod ekstremnog indeksa telesne mase — BMI (< 15 ili >37 kg/m?) — Samo lumbalni region (L1-L4) — Nije
Ogranicenja , 4
zamena za BMD, ve¢ dopuna
. U kombinaciji sa BMD i FRAX skorom — za precizniju procenu rizika od preloma, posebno kod pacijenata sa,grani¢nim” BMD
Preporuke za primenu L : N 49
vrednostima ili sekundarnim faktorima rizika.
Table 2. Interpretation of trabecular bone score values (TBS)
Aspect Description Ref.
Definition An indirect parameter of trabecular microarchitecture quality, derived from DXA assessment of the lumbar spine. 41
Measurement method A computer algorithm analyzes variations in the grayscale DXA image of the L1-L4 region, independent of BMD. 41
TBS = 1.350 — normal microarchitecture
Values (cut-off values)  TBS 1.200-1.350 — degraded microarchitecture 49
TBS < 1.200 — significantly degraded microarchitecture
s Provides additional assessment of fracture risk, independent of BMD — Can differentiate between patients with similar T-score
Clinical significance 41

but different fracture risk

Advantages

Simple: uses existing DXA scans — No additional radiation — Useful in patients with secondary osteoporosis (RA, SLE, Type2DM) 43

Limitations BMD, but a supplementary method

Less reliable in extreme body mass index — BMI (< 15 or >37 kg/m?) — Lumbar region only (L1-L4) — Not a substitute for

I

Recommendations for
application

“borderline” BMD values or secondary risk factors.

Used in combination with BMD and the FRAX score — for a more accurate assessment of fracture risk, especially in patients with

49

godini, doze kortikosteroida i skor trabekularne kosti
(engl. trabecular bone score - TBS), ¢ime se poboljsava
preciznost procene rizika [40]. Tumacenje vrednosti
TBS-a prikazano je u Tabeli 2. Tabela prikazuje osnov-
ne informacije o skoru trabekularne kosti — TBS: $ta
meri (mikroarhitektura kosti), kako se meri (analizom
DXA snimka lumbalne ki¢me), klini¢ki znacaj (dopuna
BMD u proceni rizika od preloma), prednosti, ograni-
Cenja i preporuke za primenu.

Pojedini dijagnosticki kriterijumi koji se rutinski
koriste kod zdrave populacije mogu biti nepouzda-
ni kod obolelih od autoimunskih reumatskih bolesti.
Kod pacijenata sa AIRB (RA, axSpA, PsA, SEL) neop-
hodno je prilagoditi dijagnosticki pristup jer bolest i
terapija mogu da uticu na rezultate DXA merenja. Lo-
kalizovana razredenja kostiju kod RA i novoformirana
kost kod axSpA mogu dovesti do lazno snizenih ili laz-
no povisenih vrednosti BMD, pa je tumacenje nalaza
otezano [41].

the location of previous fractures, the number of falls
in the preceding year, corticosteroid doses, and the tra-
becular bone score (TBS), thereby improving the accu-
racy of risk assessment [40]. Interpretation of TBS val-
ues is presented in Table 2. The table summarizes key
aspects of TBS: what it measures (bone microarchitec-
ture), how it is measured (analysis of lumbar spine DXA
images), clinical significance (complement to BMD in
fracture risk assessment), advantages, limitations, and
recommended use.

Certain diagnostic criteria routinely used in the
general population may be unreliable in patients with
autoimmune rheumatic diseases. In patients with ARDs
(RA, axSpA, PsA, SLE), it is necessary to adapt the diag-
nostic approach because both the disease itself and its
treatment may affect DXA measurement results. Local-
ized bone loss in RA and new bone formation in axSpA
may lead to falsely low or falsely elevated BMD values,
making interpretation more challenging [41].
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U ovim slucajevima moze biti korisno dodatno me-
renje periferne kostane gustine, kao sto je BMD distal-
ne podlaktice, kao i upotreba TBS-a za precizniju proce-
nu rizika od preloma. Kod pacijenata sa axSpA i visokim
rizikom od preloma preporucuje se kombinovanje DXA
i TBS metoda radi bolje identifikacije onih kojima je po-
trebna rana intervencija [42]. Pravovremena procena i
kontinuirano pracenje su od klju¢nog znacaja, narocito
kod pacijenata na dugotrajnoj terapiji glukokortikoidi-
ma, kod kojih se preporucuje ceS¢a kontrola BMD-a i
reevaluacija rizika od preloma [43].

Primena FRAX algoritma kod pacijenata sa autoi-
munskim reumatskim bolestima ima poseban klinicki
znacaj jer omogucava ranu identifikaciju osoba sa po-
visenim rizikom od preloma i olak$ava odluku o zapo-
¢injanju specificne terapije. Ukljuc¢ivanje podataka o
upotrebi glukokortikoida u FRAX indeks znacajno do-
prinosi preciznijoj proceni rizika od preloma, imajuci u
vidu da hroni¢na glukokortikoidna terapija predstavlja
jedan od vodecih uzroka sekundarne osteoporoze [41].
Kada se u FRAX unese i izmerena vrednost BMD na vra-
tu femura, procena rizika postaje jo$ pouzdanija, $to je
od posebnog znacaja kod pacijenata sa RA ili axSpA,
kod kojih se osteoporoza moze javiti u mladem Zivot-
nom dobu [44].

Ipak, vazno je naglasiti da FRAX ne uzima u obzir ak-
tivnost bolesti, stepen inflamacije, funkcionalnu ones-
posobljenost ili uCestalost padova, zbog ¢ega moze da
potceni rizik kod pacijenata sa visoko aktivnom bole-
8¢u ili kod onih sa znacajnim strukturnim ostecenjem.
Takode, standardni FRAX model ne pravi razliku izmedu
niskih i visokih doza glukokortikoida, pa se kod pacije-
nata na dugotrajnoj terapiji dozama vec¢im od 7,5 mg
prednizona preporucuje korekcija izra¢unatog rizika za
dodatnih 15-20% [45].

Zbog ovih ogranicenja preporucuje se kombino-
vanje FRAX alata sa dodatnim metodama procene, kao
$to su TBS i vertebralna morfometrija, kako bi se una-
predilo identifikovanje pacijenata sa visokim rizikom
od preloma i optimizovalo donosenje terapijskih od-
luka. Vertebromorfometrija (engl. lateral vertebral as-
sessment — LVA) predstavlja slikovnu metodu kojom se,
koris¢enjem DXA metode, vrii detekcija i analiza verte-
bralnih fraktura. Za razliku od klasi¢ne radiografije, LVA
omogucava nizu dozu zracenja i brzu procenu defor-
miteta kicmenih prsljenova. U kontekstu osteoporoze
i autoimuskih bolesti, LVA je posebno korisna jer otkri-
vanjem fraktura omogucava blagovremenu korekciju
terapije i precizniju procenu rizika od novih preloma
[46]. Table 3 and Figure 1 prikazuje FRAX upitnik na srp-
skom jeziku. Na slici je prikazan algoritam prevencije
i leCenja pacijenata sa osteoporozom, prema literatur-
nim podacima.
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In such cases, additional assessment of peripheral
bone density, such as BMD of the distal forearm, as well
as the use of TBS, may be useful for a more accurate
evaluation of fracture risk. In patients with axSpA and
a high fracture risk, combining DXA and TBS methods
is recommended to better identify those who require
early intervention [42]. Timely assessment and contin-
uous monitoring are of crucial importance, particularly
in patients receiving long-term glucocorticoid therapy,
in whom more frequent BMD monitoring and reassess-
ment of fracture risk are recommended [43].

The application of the FRAX algorithm in patients
with autoimmune rheumatic diseases has particular
clinical significance, as it enables early identification
of individuals at increased fracture risk and facilitates
decisions regarding the initiation of specific therapy.
Inclusion of data on glucocorticoid use in the FRAX in-
dex significantly contributes to a more accurate frac-
ture risk assessment, given that chronic glucocorticoid
therapy is one of the leading causes of secondary os-
teoporosis [41]. When the measured BMD value at the
femoral neck is also entered into FRAX, risk estimation
becomes even more reliable, which is particularly im-
portant in patients with RA or axSpA, in whom osteo-
porosis may occur at a younger age [44].

However, it is important to emphasize that FRAX
does not take into account disease activity, the degree
of inflammation, functional disability, or the frequen-
cy of falls, and therefore may underestimate risk in
patients with highly active disease or those with sig-
nificant structural damage. In addition, the standard
FRAX model does not differentiate between low and
high doses of glucocorticoids. Thus, in patients receiv-
ing long-term therapy with doses exceeding 7.5 mg of
prednisone, adjustment of the calculated risk by an ad-
ditional 15-20% is recommended [45].

Because of these limitations, combining the FRAX
tool with additional assessment methods, such as TBS
and vertebral morphometry, is recommended in order
to improve identification of patients at high fracture risk
and optimize therapeutic decision-making. Vertebral
morphometry (lateral vertebral assessment - LVA) is an
imaging method that uses DXA to detect and analyze
vertebral fractures. Unlike conventional radiography,
LVA allows for lower radiation exposure and faster as-
sessment of vertebral deformities. In the context of os-
teoporosis and autoimmune diseases, LVA is particular-
ly useful because detecting fractures enables timely ad-
justment of therapy and a more accurate assessment of
the risk of subsequent fractures [46]. Table 3 and Figure
1 presents the FRAX questionnaire. Figure 1 presents
the algorithm designed to assist in the prevention and
treatment of osteoporosis, according to the literature.
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Tabela 3. TFRAX upitnik

1. Zivotno doba (izmedu 40 90 godina)

2.Pol oZenski o Muski
3.Tezina (kq)

4. Visina (cm)

5. Prethodni prelom oDa  oNe
6. Roditelj sa prelomom kuka oDa  oNe
7. Trenutno pusim oDa  oNe
8. Glukokortikoidi oDa  oNe
9. Reumatoidni artritis oDa oNe
10. Sekundarna osteoporoza oDa oNe
11. Alkohol >3 jedinice/dan oDa oNe
12. BMD vrata bedrene kosti

Slika 1. Algoritam za pristup pacijentu sa poviSenim rizikom od nastanka oste-
oporoze [33,34,36]

Table 3. The FRAX questionnaire

Tomasevic¢-Todorovic¢ S. et al.

1. Age (between 40 and 90 years)

2. Sex oFemale o Male
3. Wight (kg)

4. Height (cm)

5. Previous fracture oYes oNo
6. Parent with a hip fracture oYes oNo
7.1 currently smoke oYes oNo
8. Glucocorticoids oYes oNo
9. Rheumatoid arthritis oYes oNo
10. Secondary osteoporosis oYes oNo
11. Alcohol >3 units/day oYes oNo
12. Femoral neck BMD

Algorithm for preventing osteoporosis in patients
with autoimmune rheumatic disease

Risk factor assessment

« Positive family history, previous fractures, and early menopause

Pharmacological (corticosteroids, immunosuppressants,

antidepressants)

Lifestyle (diet, exercise, smoking, alcohol consumption)

Clinical assessments and laboratory tests

« TV, TM, BMI, and posture

(a - total and ionized, P, 25, (OH) D3

Bone resorption markers

h 4

A 4

DXA examination » T-score

T-score = -1
Primary prevention

+ Education and lifestyle
ENIES

Exercise, calcium and vitamin
D supplementation

Periodic check-ups

T-score < -1
Preventing fractures

« Pharmacological treatment
(bisphosphonates,
denosumab, etc.)

Control of risk factors and
comorbidities

Regular DXA check-ups
Therapy adjustments

Figure 1. Algorithm for the management of patients at increased risk of devel-

oping osteoporosis [33,34,36]
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SMERNICE ZA KLINICKU PRAKSU

Pravovremeno prepoznavanje faktora rizika, edukacija
pacijenata, i zapocinjanje odgovarajuce terapije mogu
znacajno da smanje rizik od preloma i poboljsaju kvali-
tet Zivota. Prevencija obuhvata modifikaciju faktora ri-
zika, suplementaciju kalcijuma i vitamina D, prilagode-
nu fizicku aktivnost, redovno pracenje gustine kostiju i
prevenciju padova [33].

Terapija prvog izbora za le¢enje osteoporoze kod
vecine pacijenata zasniva se na primeni lekova sa anti-
resorptivnim efektom, pre svega oralnih bisfosfonata,
u skladu sa preporukama Ameri¢kog udruzenja endo-
krinologa (engl. American Association of Endocrinologi-
sts — AACE) [47]. Kod pacijenata koji imaju intoleranci-
ju ili kontraindikacije za oralne bisfosfonate, primena
intravenskih bisfosfonata ili denosumaba predstavlja
alternativu. Obe kategorije medikamenata spadaju
u grupu antiresorptivnih lekova. Bisfosfonati, bez ob-
zira na nacin primene (oralni ili intravenski), direktno
inhibiraju osteoklastnu aktivnost, dok denosumab, koji
predstavlja monoklonalno antitelo koje se vezuje za li-
gand aktivatora receptora nuklearnog faktora Kappa-B
(engl. Receptor Activator of Nuclear factor Kappa-B Li-
gand-RANKL), svoje antiresorptivno delovanje ostvaru-
je indirektno [48]. Selektivni modulatori estrogenskih
receptora (engl. selective estrogen receptor modula-
tors — SERMs) mogu se razmotriti kao dodatna opcija,
narocito kod Zena u postmenopauzi sa umerenim rizi-
kom. Za pacijente sa visokim rizikom od preloma koji
ne mogu da koriste oralnu terapiju, preporucuje se pri-
mena denosumaba ili teriparatida (rekombinantnog
oblika parathormona), koji se primenjuju subkutano.
Kod pacijenata sa veoma visokim rizikom od frakturaili
onih koje su vec¢ imali visestruke prelome, preporucuje
se uvodenje anabolickih lekova (teriparatid) ili lekova
sa dvostrukim mehanizmom dejstva, kao $to je ro-
mosozumab. Lek romosozumab je monoklonalno an-
titelo koje inhibira sklerostin i time utice na formiranje
nove kosti i umanjuje aktivnost osteoklasta. Aplikuje se
jednom godidnje subkutanim putem. Vazno je naglasi-
ti da se rizik od preloma procenjuje nakon svake nove
frakture, bez obzira na vreme njenog nastanka, i da se
rizik povecava nakon prekida terapije [49].

Kod pacijenata sa RA dodatnu ulogu u zastiti ko-
stiju ima adekvatno lecenje osnovne bolesti. Konven-
cionalni lekovi koji modifikuju tok bolesti (npr. meto-
treksat) i bioloski lekovi (TNF inhibitori, IL-6 inhibitori,
rituksimab, abatacept) smanjuju aktivnost bolesti i
time redukuju inflamaciju, $to moze pozitivno da utice
na metabolizam kostiju, iako je njihov efekat na BMD
ogranicen [50].

Kod odraslih osoba, koje zapocinju ili nastavljaju
glukokortikoidnu terapiju duze od tri meseca, pre-

OSTEOPOROSIS IN AUTOIMMUNE DISEASES

CLINICAL PRACTICE GUIDELINES

Timely identification of risk factors, patient education,
and initiation of appropriate therapy can significantly
reduce fracture risk and improve quality of life. Preven-
tion includes modification of risk factors, calcium and
vitamin D supplementation, appropriately tailored
physical activity, reqular monitoring of bone density,
and fall prevention strategies [33].

First-line therapy for the treatment of osteoporosis
in most patients is based on the use of antiresorptive
agents, primarily oral bisphosphonates, in accordance
with the recommendations of the American Associa-
tion of Clinical Endocrinology (AACE) [47]. In patients
who are intolerant of or have contraindications to oral
bisphosphonates, intravenous bisphosphonates or
denosumab are alternative options. Both categories
of medications belong to the group of antiresorptive
drugs. Bisphosphonates, regardless of the route of ad-
ministration (oral or intravenous), directly inhibit os-
teoclast activity, whereas denosumab, a monoclonal
antibody that binds to the receptor activator of nucle-
ar factor kappa-B ligand (RANKL), exerts its antiresorp-
tive effect indirectly [48]. Selective estrogen receptor
modulators (SERMs) may be considered as an addi-
tional option, particularly in postmenopausal women
who are at moderate risk. For patients at high risk of
fracture who are unable to use oral therapy, treatment
with denosumab or teriparatide (a recombinant form
of parathyroid hormone), administered subcutane-
ously, is recommended. In patients at very high risk of
fracture or those who have already sustained multiple
fractures, initiation of anabolic agents (teriparatide) or
agents with a dual mechanism of action, such as romo-
sozumab, is recommended. Romosozumab is a mono-
clonal antibody that inhibits sclerostin, thereby pro-
moting new bone formation and reducing osteoclast
activity. It is administered subcutaneously once a year.
It is important to emphasize that fracture risk should
be reassessed after each new fracture, regardless of the
time of occurrence, and that fracture risk increases af-
ter discontinuation of therapy [49].

In patients with rheumatoid arthritis (RA), adequate
treatment of the underlying disease plays an addition-
al role in bone protection. Conventional disease-mod-
ifying antirheumatic drugs (e.g., methotrexate) and
biological agents (TNF inhibitors, IL-6 inhibitors, ritux-
imab, abatacept) reduce disease activity and thereby
decrease inflammation, which may have a beneficial
effect on bone metabolism, although their direct im-
pact on BMD is limited [50].

In adults who are beginning or continuing gluco-
corticoid therapy for longer than three months, the
recommendations of the American College of Rheu-
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ma preporukama Ameri¢ckog reumatoloskog koledza
(engl. American College of Rheumatology — ACR) neop-
hodno je sprovesti inicijalnu procenu rizika od fraktura
odmah nakon pocetka terapije. Kod osoba starijih od
40 godina procena obuhvata klini¢cku evaluaciju pret-
hodnih fraktura, DXA merenje sa vertebralnom proce-
nom fraktura (LVA) ili rendgenski pregled kicmenog
stuba, kao i izraCunavanje FRAX rizika kod osoba sta-
rijih od 40 godina. Kod pacijenata sa umerenim, viso-
kim ili veoma visokim rizikom od fraktura, snazno se
preporucuje zapocinjanje farmakoloske terapije — oral-
nim ili intravenskim bisfosfonatima, denosumabom
ili teriparatidom. Kod pacijenata sa deficitom hormo-
na, supstituciona terapija takode moze da doprinese
modulaciji imunskog odgovora i smanjenju rizika od
komplikacija povezanim sa autoimunskim bolestima.
[50]. Navedene preporuke predstavljene su u Tabeli 4.
sa odgovarajuc¢im referencama. Tabela prikazuje razli-
Cite vrste terapije za osteoporozu, ukljucujuci primere
lekova, niihov mehanizam delovania i indikaciie. Obu-

Tabela 4. Pregled terapije osteoporoze: mehanizmi i indikacije

matology (ACR) emphasize the need for an initial
fracture risk assessment immediately after beginning
treatment. In individuals older than 40 years, this as-
sessment includes clinical evaluation of prior fractures,
DXA measurement with lateral vertebral assessment
(LVA) or spinal radiography, as well as calculation of
the FRAX risk. In patients with moderate, high, or very
high fracture risk, initiation of pharmacological thera-
py — oral or intravenous bisphosphonates, denosumab,
or teriparatide - is strongly recommended. In patients
with hormone deficiencies, substitution therapy may
also contribute to the modulation of the immune re-
sponse and the reduction of the risk of complications
associated with autoimmune diseases [50]. These rec-
ommendations are presented in Table 4 with the cor-
responding references. This table presents different
treatments for osteoporosis, including examples of
drugs, their mechanisms of action, and indications. It
covers oral and intravenous bisphosphonates, RANKL
monoclonal antibodies, selective estrogen receptor

Vrsta terapije Primeri lekova/metoda Mehanizam delovanja Indikacije/napomene Reference

Oralni bisfosfonati Alendronat, Ibandronat D|rek’Fna.|nh|b|cua.gsteok.l.asta - Terapija prvog izhora kod vecine pacijenata 49
smanjenje resorpcije kostiju

Intravenozni bisfosfonati | Zoledronat Dlrekt.na.|nh|b|cuaf)steok'l'asta — AIternelltlv'a ko.(.i |nt0IeranC|Jg ili 19,52
smanjenje resorpcije kostiju kontraindikacija na oralne bisfosfonate

Monoklonalno antitelo Denosumab Indirektno antiresorptivno dejstvo: Pacijenti sa visokim rizikom od preloma, 5

protiv RANKL inhibicija aktivacije osteoklasta intolerancija na bisfosfonate

Selektivni modulatori . . 5 . .

. . Modulacija estrogenih receptora u Zene u postmenopauzi sa umerenim

estrogenih receptora Raloksifen . S . - 49
kostima — smanjenje resorpcije rizikom od preloma

(SERM)

Anabolicki lekovi Teriparatid (PTH 1-34) Stlmula‘cua osteotzlasta —> povecanje Visok rizik od p.reloma,’wsestruke"frakture, 19
stvaranja nove kostane mase neefikasna antiresorptivna terapija

Lekovi ?a dvostrukim Romosozumab Anabohfko dejstvo -+ smanjenje Veoma visok rizik od preloma 49

mehanizmom resorpcije

Table 4. Overview of osteoporosis therapy: mechanisms and indications

Type of therapy Examples of drugs/methods Mechanism of action Indications/annotations Reference
Oral bisphosphonates Alendronate, Ibandronate Direct !nhlbltlon of osteocllasts | First-line therapy in most patients 49
reduction of bone resorption
Intravenous Zoledronate Direct inhibition of osteoclasts — | Alternative in case of intolerance or 19 5
bisphosphonates reduction of bone resorption contraindication to oral bisphosphonates '
Anti-RANKL monoclonal Denosumab Indirect antiresorptive effect: Patients with a high fracture risk, 5
antibody inhibition of osteoclast activation intolerance to bisphosphonates
Selective estrogen receptor Raloxifene Modulation of estrogen receptorsin | Postmenopausal women with a moderate 19
modulators (SERMs) bones — reduction of resorption risk of fracture
Stimulation of osteoblasts — High fracture risk, multiple fractures
Anabolic drugs Teriparatide (PTH 1-34) increased formation of new bone righ fra 15K, P ' 49
ineffective antiresorptive therapy
mass
Drugs action drugs Romosozumab :Lr;zl::tl;;sffect + reduction of Very high fracture risk 49
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hvata oralne i intravenske bisfosfonate, monoklonalna
antitela protiv RANKL, selektivne modulatore estroge-
nih receptora (SERM) i anaboli¢ke lekove poput teri-
paratida i romosozumaba, uz napomenu kada se koja
terapija primenjuje.

Fracture Liaison Services (FLS) predstavlja organizo-
vani model ¢iji je glavni cilj smanjenje rizika od prelo-
ma kod osoba starijih od 50 godina, kroz pravovreme-
no postavljanje dijagnoze i zapocinjanje adekvatnog
leCenja osteoporoze. Najnovija istrazivanja pokazuju
da je implementacija FLS protokola dovela do znacaj-
nog smanjenja rizika od preloma kod oba pola (za 13%
kod Zena i za 10% kod muskaraca), kao i do smanjenja
stope mortaliteta za 18% kod Zena i za 15% kod mus-
karaca [51]. Uvodenje FLS pristupa kod pacijenata sa
AIRB ima poseban znacaj jer omogucava pravovreme-
nu dijagnostiku, rano zapocinjanje terapije i multidis-
ciplinarni pristup koji ukljucuje reumatologa, endokri-
nologa i fizijatra [52].

ZAKLJUCAK

Osteoporoza je Cesta i ozbiljna komplikacija autoimun-
skih reumatskih bolesti koja znacajno utice na kvalitet
Zivota i funkcionalni status obolelih. Njeno nastajanje
je multifaktorijalno: hroni¢na inflamacija i imunoloska
disregulacija pospesuju aktivaciju osteoklasta i ubr-
zano resorptivno propadanje kosti, dok farmakoloski
tretmani, posebno dugotrajna terapija glukokortikoi-
dima, dodatno inhibiraju osteoblastnu funkciju i sma-
njuju mineralnu gustinu kostiju. Osim toga, ograni¢ena
pokretljivost i smanjena fizicka aktivnost kod pacijena-
ta sa bolom i deformitetima doprinose progresiji oste-
oporoze.

Prevencija osteoporoze predstavlja osnovu ocu-
vanja koStane mase i smanjenja rizika od preloma kod
pacijenata sa autoimunskim reumatskim bolestima.
Klju¢ni preventivni pristupi uklju¢uju prilagodenu fi-
zi¢cku aktivnost, obezbedivanje adekvatnog unosa
kalcijuma i vitamina D, kao i smanjenje faktora rizika
povezanih sa medikamentoznom terapijom i Zivot-
nim stilom. Pravovremeno identifikovanje pacijenata
sa povecanim rizikom putem klini¢cke procene faktora
rizika, DXA pregleda, FRAX indeksa i dodatnih metoda,
kao sto je TBS, omogucava rano uvodenje preventivnih
mera i personalizovanog pracenja. Ukoliko prevencija
nije dovoljna i dolazi do progresije osteoporoze, cilja-
no farmakolosko lec¢enje, uzimajuci u obzir tip i aktiv-
nost osnovne bolesti, moze znacajno da smaniji rizik
od preloma i ocuva funkcionalni kapacitet pacijenata.
Farmakoloske strategije, ukljucujuéi antiresorptivne
i anabolicke lekove, trebalo bi da budu individualizo-
vane, uzimajuci u obzir tip i aktivnost osnovne bolesti,
starost pacijenta i prisustvo komorbiditeta. Integraci-

OSTEOPOROSIS IN AUTOIMMUNE DISEASES

modulators (SERMs), and anabolic drugs such as teri-
paratide and romosozumab, along with guidelines on
when each treatment is used.

Fracture Liaison Services (FLS) represent an or-
ganized care model whose primary goal is to reduce
fracture risk in individuals older than 50 years through
timely diagnosis and initiation of appropriate osteopo-
rosis treatment. Recent studies show that implementa-
tion of FLS protocols has led to a significant reduction
in fracture risk in both sexes (by 13% in women and by
10% in men), as well as a reduction in mortality rates by
18% in women and by 15% in men [51]. The introduc-
tion of the FLS approach in patients with autoimmune
rheumatic diseases is of particularimportance, as it en-
ables timely diagnosis, early initiation of therapy, and
a multidisciplinary approach involving a rheumatolo-
gist, endocrinologist, and physiatrist [52].

CONCLUSION

Osteoporosis is a common and serious complication of
autoimmune rheumatic diseases that significantly af-
fects patients’ quality of life and functional status. Its
development is multifactorial: chronic inflammation
and immune dysregulation promote osteoclast acti-
vation and accelerated bone resorption, while phar-
macological treatments, particularly long-term gluco-
corticoid therapy, further inhibit osteoblast function
and reduce bone mineral density. In addition, limited
mobility and reduced physical activity in patients with
pain and deformities contribute to the progression of
osteoporosis.

Prevention of osteoporosis represents the corner-
stone of preserving bone mass and reducing fracture
risk in patients with autoimmune rheumatic diseases.
Key preventive approaches include appropriately tai-
lored physical activity, ensuring adequate intake of cal-
cium and vitamin D, and reducing risk factors related
to pharmacological therapy and lifestyle. Timely iden-
tification of patients at increased risk through clinical
assessment of risk factors, DXA scanning, the FRAX in-
dex, and additional methods, such as TBS, enables ear-
ly implementation of preventive measures and person-
alized follow-up. When prevention is insufficient, and
osteoporosis progresses, targeted pharmacological
treatment - taking into account the type and activity
of the underlying disease — can significantly reduce the
fracture risk and preserve patients’ functional capacity.
Pharmacological strategies, including antiresorptive
and anabolic agents, should be individualized, taking
into account the type and activity of the underlying
disease, patient age, and the presence of comorbidi-
ties. Integration of therapy for the underlying disease
with specific osteoporosis treatment significantly re-
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ja terapije osnovne bolesti sa specificnim tretmanom
osteoporoze znacajno smanjuje rizik od preloma i do-
prinosi ocuvanju funkcionalnog kapaciteta pacijenata.

Multidisciplinarni pristup je klju¢an za optimizaciju
strategija prevencije, pracenja i leCenja. Buduca istra-
Zivanja trebalo bi da se usmere ka ciljanim terapijama
koje umanjuju gubitak koStane mase bez ugrozavanja
imunske kontrole, kao i na unapredenje alata za proce-
nu rizika kako bi se identifikovali pacijenti sa visokim ri-
zikom od razvoja osteoporoze. Tretirajuci osteoporozu
kao sastavni deo le¢enja autoimunskih bolesti, klini¢ari
mogu da smanje rizik od preloma i da poboljSaju du-
goroc¢ni kvalitet zivota obolelih.

Sukob interesa: Nije prijavljen.
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SAZETAK

Kardiovaskularna i onkoloska oboljenja u savremenom dobu predstavljaju
neizostavni deo svakodnevne medicinske prakse na svim nivoima zdravstvene
zastite. Osim zajednickih faktora rizika, ova oboljenja povezana su i na druge
nacine, a posebno je znacajna potencijalna kardiotoksi¢nost antineoplasticnih
lekova. Jedan od Cestih oblika kardiotoksi¢nosti antineoplasticne terapije je
hipertenzija. S obzirom na to da se moze manifestovati bilo kada tokom primene
antineoplasticne terapije, ali i po zavrsetku specifitnog onkoloskog lecenja,
onkohipertenzija je klinicki entitet o kojem uvek treba razmisljati pri susretu
sa onkoloskim pacijentima. Redovna kontrola arterijskog krvnog pritiska u ovoj
populaciji neophodna je kako bi se obezbedilo blagovremeno prepoznavanje i
lecenje onkohipertenzije, u cilju bezbednog sprovodenja onkoloskog tretmana.
lako smernice za lecenje onkohipertenzije ne odstupaju znacajno od opstih
preporuka za lecenje hipertenzije, postoje odredene specificnosti koje se
najpre odnose na izbor antihipertenziva i odstupanja u smislu ciljnih vrednosti
arterijskog krvnog pritiska, u zavisnosti od stadijuma onkoloskog oboljenja i
prognoze. Veoma je vazno prepoznati i momenat kada je neophodno obustaviti
kardiotoksi¢nu antineoplasti¢nu terapiju ili redukovati dozu antineoplasti¢nog
leka, kako bi se izbegle Zivotno ugroZavajuce kardiovaskularne posledice.
SloZenosti problema onkohipertenzije znacajno doprinose i brojni faktori koji se
susrecu kod onkoloskih pacijenata, poput komorbiditeta, prisustva bola ili drugih
primenjenih lekova. S obzirom na to da se radi o veoma osetljivoj populaciji
izlozenoj posebnoj vrsti psihioloSkog stresa, posebno treba imati u vidu i
mogucnost ,efekta belog mantila“, kao i maskiranu hipertenziju.

Kljucne redi: hipertenzija, maligna oboljenja, kardiotoksi¢nost
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ABSTRACT

Cardiovascular and oncological diseases represent an inevitable part of everyday
medical practice at all levels of health care. Apart from common risk factors,
these diseases are associated in other ways, and the potential cardiotoxicity of
antineoplastic drugs is particularly significant. One of the frequent forms of car-
diotoxicity is hypertension. Considering that it can manifest at any time during
antineoplastic therapy and also after the completion of specific oncological
treatment, onco-hypertension is a clinical entity that should always be kept in
mind when caring for oncology patients. Regular arterial blood pressure checks
in this population are necessary to ensure timely recognition and treatment of
onco-hypertension and to carry out oncological treatment safely. Although the
guidelines for the treatment of onco-hypertension are similar to the general rec-
ommendations for hypertension, some specificities primarily concern the choice
of antihypertensive drugs and exceptions to target arterial blood pressure values
depending on the stage of the oncological disease and its prognosis. It is crucial to
recognize the time to stop cardiotoxic antineoplastic therapy or reduce the dose
of the antineoplastic drug to avoid life-threatening cardiovascular complications.
Numerous additional factors encountered in oncology patients, such as comor-
bidities, the presence of pain or other administered drugs, significantly contrib-
ute to the complexity of onco-hypertension. Given that this is a very sensitive
population exposed to a specific type of psychological stress, the possibility of the
“white coat effect” as well as masked hypertension should also be considered.
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uvoD

Pojam kardiotoksi¢nosti u sklopu le¢enja onkolos-
kih oboljenja pomenut je jo$ pocetkom 70-ih godina
proslog veka [1]. Tokom 2020. godine Sirom sveta je
dijagnostikovano skoro 20 miliona novih slu¢ajeva ma-
lignih oboljenja, a iste godine je oko 10 miliona onko-
loskih pacijenata preminulo [2]. U proteklih 30 godina
broj pacijenata sa hipertenzijom se udvostrucio, tako
da ih je 2019. godine bilo 1,3 milijardi u celom svetu
[3]. Od priblizno 20 miliona kardiovaskularnih smrtnih
ishoda godisnje, oko 50% slucajeva povezuje se upra-
vo sa hipertenzijom [4,5]. Zbog svega gore navedenog,
2022. godine objavljen je prvi evropski vodi¢ posvecen
oblasti kardioonkologije [6]. Ipak, od svih kardiovasku-
larnih oboljenja, hipertenzija je najces¢i komorbiditet
onkoloskih pacijenata [7]. Ucestalost hipertenzije u
populaciji onkoloskih bolesnika je oko 40%, $to je zna-
¢ajno vise nego u opstoj populaciji. Shodno tome, u
literaturi se tokom proteklih nekoliko godina pojavio
novi pojam, onkohipertenzija [8].

Cilj rada je sagledavanje povezanosti hipertenzije,
onkoloskih oboljenja i antineoplasti¢ne terapije. Do-
datni cilj je isticanje preporuka za lecenje onkohiper-
tenzije i specifi¢nosti ovog terapijskog pristupa koje je
potrebno imati u vidu na svim nivoima zdravstvene za-
Stite kako bi se obezbedilo blagovremeno i adekvatno
zbrinjavanje pacijenata.

Hipertenzija i maligna bolest

Onkohipertenzija ima cetiri osnovna aspekta. Hiper-
tenzija moze biti uzrok malignog oboljenja [9-15], ali
i posledica malignog oboljenja [16-18] ili primenjene
antineoplasti¢ne terapije [19]. Ponekad se maligno
oboljenje moze dovesti u vezu i sa prethodnom anti-
hipertenzivnhom terapijom [20,21]. Poznato je da pa-
cijenti sa hipertenzijom imaju oko dva puta veci rizik
za nastajanje karcinoma bubrega, posebno ukoliko su
vrednosti arterijskog krvnog pritiska preko 160/100
mmHg [9]. Kod muskaraca je ustanovljena poveza-
nost hipertenzije sa kolorektalnim karcinomom i kar-
cinomom prostate [13,14], dok kod Zena postoji po-
vezanost hipertenzije sa pojavom karcinoma dojke u
postmenopauzalnom periodu [15]. Antihipertenzivna
terapija kao uzrok malignih oboljenja je polje koje za-
hteva dodatna istrazivanja. Iz eti¢kih razloga, nijedna
randomizovana klini¢ka studija nije dizajnirana da pru-
Zi odgovor na ovo pitanje. Za sada je dodatna paznja
usmerena na diuretike — zbog eventualnog rizika od
razvoja karcinoma bubrega, tiazidne diuretike - zbog
povecanja rizika za nastajanje skvamocelularnog kar-
cinoma koze, kao i na inhibitore angiotenzin-konver-
tujuceg enzima - zbog izvesnog povecanja rizika od
karcinoma pluca [20-22]. Hipertenzija moze biti i po-

ONCO-HYPERTENSION — A NEW CLINICAL ENTITY IN MODERN MEDICINE

INTRODUCTION

The concept of cardiotoxicity in the context of cancer
treatment was first mentioned in the early 1970s [1].
In 2020, nearly 20 million new cancer cases were diag-
nosed worldwide, while approximately 10 million on-
cology patients died during the same year [2]. Over the
past 30 years, the number of patients with hyperten-
sion has doubled, reaching 1.3 billion globally in 2019
[3]. Of the approximately 20 million annual cardiovas-
cular deaths, around 50% are directly associated with
hypertension [4,5]. Given the facts mentioned above,
the first European guideline dedicated to cardio-on-
cology was published in 2022 [6]. Nevertheless, among
all cardiovascular diseases, hypertension remains the
most common comorbidity in oncology patients [7].
The prevalence of hypertension among oncology pa-
tients is about 40%, which is significantly higher than
in the general population. Consequently, in recent
years, the term onco-hypertension has emerged in the
literature [8].

This paper examines the relationship among hy-
pertension, malignancy, and antineoplastic therapy.
An additional goal is to highlight the recommenda-
tions for the management of onco-hypertension and
the specific therapeutic considerations that must be
taken into account at all levels of healthcare to en-
sure timely and adequate patient management.

Hypertension and Malignancy

Onco-hypertension has four main aspects. Hyperten-
sion may be the cause of malignant disease [9-15],
a consequence of malignancy [16-18], or the result
of antineoplastic therapy [19]. Sometimes malignan-
cy can also be linked to prior antihypertensive treat-
ment [20,21]. It is known that patients with hyperten-
sion have approximately twice the risk of developing
renal cancer, especially when blood pressure values
exceed 160/100 mmHg [9]. Among men, hyperten-
sion has been associated with colorectal and prostate
cancer [13,14], while in women it has been linked to
postmenopausal breast cancer [15]. Antihyperten-
sive therapy as a potential cause of malignancy is an
area that requires further investigation. For ethical
reasons, no randomized clinical trial has been de-
signed to address this question. Currently, attention
is focused on diuretics—due to a possible risk of renal
cancer; thiazide diuretics—because of the increased
risk of cutaneous squamous cell carcinoma; and an-
giotensin-converting enzyme inhibitors-due to a po-
tential increase in lung cancer risk [20-22]. Hyperten-
sion may also occur as a consequence of malignancy
itself, representing a component of paraneoplastic
syndromes, such as those associated with renal cell
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sledica maligne bolesti, odnosno deo paraneoplastic-
nog sindroma, $to je slucaj kod karcinoma bubrega,
hepatocelularnog karcinoma, mekotkivnog sarkoma
i karcinoidnog sindroma [16-18]. Ipak, najvecu oblast
onkohipertenzije predstavlja hipertenzija kao posledi-
ca kardiotoksi¢nosti antineoplasti¢ne terapije [19,23]

Tabela 1. Grupe antineoplasticnih lekova koji mogu prouzrokovati hipertenziju

Inhibitori signalnog puta vaskularnog
endotelnog faktora rasta (VEGF-Spi)

Metastatski tumori (renalni, hepatocelularni, tiroidni, gastro-
intestinalni, stromalni)

carcinoma, hepatocellular carcinoma, soft-tissue sar-
coma, and carcinoid syndrome [16-18]. However,
the most prominent aspect of onco-hypertension is
hypertension as a manifestation of cardiotoxicity in-
duced by antineoplastic therapy [19,23] (Table 1). Ac-
cording to literature data, 99% of children treated for

20%-90%
*U zavisnosti od jacine i doze leka

Derivati platine

Karcinom testisa (najces¢i malignitet kod mladih muskaraca),
tumori ovarijuma, kolona, mokracne besike, pluca i pleure

50%

Inhibitori proteazoma

Multipli mijelom

10%-32%
*Rede kod novijih generacija lekova

Inhibitori Bruton tirozin kinaze (BTK)

Hronicna limfocitna leukemija i ,mantle cell” limfom

70%

PARP inhibitori

Tumori ovarijuma i dojke

20%

(niraparib)

(B)RAF/MEK inhibitori Melanom i kolorektalni karcinom sa BRAF mutacijom 15%-20%

Inhibitori RET kinaze Nesitnocelijski karcinom pluca, tiroidni karcinom 20%-40%

Alkilirajudi agensi Veliki broj solidnih i hematoloskih maligniteta 36%, a kod dece 15%—58%
mTOR inhibitori Renalni karcinom, karcinom dojke i pankreasni neuroendokrini 13%

tumori

Inhibitori kalcineurina

Nakon transplantacije maticnih celija hematopoeze

30%-60%

Androgen deprivaciona terapija

Karcinom prostate (40% pacijenata)

5%-25%

Inhibitori aromataze

Karcinom dojke (65%—70% pacijentkinja)

8%—13%
*Jos uvek tema polemike

Table 1. The groups of antineoplastic drugs that may cause hypertension

ANTINEOPLASTIC TREATMENT

Vascular endothelial growth factor signaling
pathway inhibitors (VEGF-Spi)

TARGET CANCERS

Metastatic cancers (renal, hepatocellular, thyroid, gastrointes-
tinal, stromal)

ONCO-HYPERTENSION FREQUENCY
20%-90%
*Depending on the drug strength and dose

Platinum derivatives

Testicular cancer (the most frequent cancer in young males),
ovarian, colorectal, bladder, lung, and pleural cancer

50%

Proteasome inhibitors

Multiple myeloma

10%—-32%
*Less often with newer generation drugs

Bruton tyrosine kinase (BTK) inhibitors

Chronic lymphocytic leukemia and “mantle cell” lymphoma

70%

PARP inhibitors
(nirparib)

Ovarian and breast cancer

20%

(B)RAF/MEK inhibitors

Melanoma and colorectal cancer with BRAF mutation

15%-20%

20%-40%

Aromatase inhibitors

RET kinase inhibitors Non-small cell lung and thyroid cancer
Alkylating agents A large number of solid and hematological cancers 36%, but 15%-58% in children
mTOR inhibitors Renal, breast and pancreatic neuroendocrine cancer 13%
Calcineurin inhibitors After stem cell transplantation 30%-60%
Androgen deprivation therapy Prostate cancer (40% of patients) 5%-25%
8%—13%

Breast cancer (65%—70% of patients)

*Still a controversial issue
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(Tabela 1). Prema literaturnim podacima, 99% dece le-
¢ene zbog malignog oboljenja tokom zivota Ce razviti
neko od hroni¢nih oboljenja usled prethodno prime-
njene antineoplasti¢ne terapije [19]. Takode, ustanov-
lieno je da osobe iz ove populacije do 50. godine Zivota
ispolje prosecno oko 17 nezeljenih efekata antineo-
plasti¢ne terapije primenjene u detinjstvu, od kojih su
3-5 nezeljenih efekata veoma ozbiljni, a potencijalno i
zivotno ugrozavajuci [19]. Ulestalost hipertenzije kao
posledice primene antineoplasti¢ne terapije u detinj-
stvu iznosi 70% do 50. godine zivota [19].

Onkohipertenzija kao posledica
kardiotoksi¢nosti antineoplasti¢ne terapije

Onkohipertenzija kao posledica kardiotoksi¢nosti
antineoplasti¢ne terapije javlja se sa ucestalo3c¢u ve-
¢om od 10% za vecinu klasa antineoplasti¢nih lekova,
$to je svrstava u veoma Cesto nezeljeno dejstvo [24].
Mehanizmi onkohipertenzije usled kardiotoksi¢nosti
antineoplasti¢ne terapije su brojni, razliciti i za sada
samo delimi¢no poznati. U naj¢eS¢e mehanizme on-
kohipertenzije ubrajaju se inhibicija angiogeneze,
redukcija kapilarne mreze, poremecaj ravnoteze va-
zoaktivnih ¢inilaca (najpre snizavanje nivoa azotnog
oksida i povecanje nivoa endotelina-1), oksidativni
stres, nefrotoksi¢nost, kao i poremecaji na nivou au-
tonomnog nervnog sistema [24].

Vreme ispoljavanja onkohipertenzije kao kardio-
toksi¢nosti moze biti razlicito [6]. Kod vecine antineo-
plasti¢nih lekova, hipertenzija moze nastati bilo kada
tokom primene terapije. Zbog toga se preporucuje
merenje krvnog pritiska na svakoj kontroli. Takode,
preporucuje se i merenje krvnog pritiska u kuénim
uslovima jednom nedeljno tokom prva tri meseca te-
rapije, a potom jednom mesec¢no tokom celokupnog
trajanja terapije. Ovo je posebno zna¢ajno kod hema-
toloskih pacijenata koji su na terapiji inhibitorima Bru-
ton tirozin kinaze jer pacijenti godinama ostaju na ovoj
terapiji. Ipak, hipertenzija kao posledica kardiotoksic-
nosti antineoplasti¢ne terapije moze nastati i akutno,
nakon nekoliko dana od pocetka primene terapije, sto
je tipi¢no za inhibitore signalnog puta vaskularnog en-
dotelnog faktora rasta (VEGF-Spi). Kod primene ovih
lekova preporucuje se svakodnevno merenje krvnog
pritiska tokom prvog ciklusa terapije i pri svakom po-
vecanju doze, a potom na 2-3 nedelje. lako ima akutni
pocetak, onkohipertenzija prouzrokovana lekovima
iz grupe VEGF-Spi je reverzibilna. Takode, hipertenzija
kao posledica kardiotoksi¢nosti antineoplasti¢ne tera-
pije moze nastati i odlozeno, nakon nekoliko godina
od pocetka terapije, Sto je karakteristicno za derivate
platine. Platina se inkorporira u DNK, a cisplatin se u
krvi moze detektovatii 13 godina nakon primene. Zato

ONCO-HYPERTENSION — A NEW CLINICAL ENTITY IN MODERN MEDICINE

malignant diseases develop at least one chronic con-
dition during their lifetime due to prior antineoplas-
tic therapy [19]. Moreover, individuals from this pop-
ulation experience, on average, 17 adverse effects of
childhood antineoplastic treatment by the age of 50,
of which 3-5 are severe or potentially life-threaten-
ing [19]. The prevalence of hypertension secondary to
childhood antineoplastic therapy is as high as 70% by
the age of 50 [19].

Onco-hypertension as a Consequence of
Antineoplastic Therapy Cardiotoxicity

Onco-hypertension resulting from cardiotoxicity
of antineoplastic therapy occurs with a frequency
greater than 10% for most classes of antineoplastic
drugs, categorizing it as a frequent adverse effect
[24]. The mechanisms of onco-hypertension associ-
ated with antineoplastic cardiotoxicity are numer-
ous, diverse, and only partially known. The most
common mechanisms include inhibition of angio-
genesis, reduction of capillary density, imbalance
of vasoactive mediators (primarily decreased nitric
oxide and increased endothelin-1 levels), oxidative
stress, nephrotoxicity, and disturbances of the auto-
nomic nervous system [24].

The timing of onco-hypertension as cardiotoxicity
onset varies [6]. For most antineoplastic drugs, hyper-
tension can develop atany time during therapy.There-
fore, blood pressure should be measured at each clini-
cal visit. In addition, home blood pressure monitoring
is advised once weekly during the first three months
of therapy, and monthly thereafter throughout treat-
ment. This is particularly relevant for hematologic pa-
tients receiving Bruton tyrosine kinase inhibitors, as
these therapies are often continued for years. Howev-
er, hypertension as a consequence of antineoplastic
treatment cardiotoxicity may also develop acutely,
within days of treatment initiation, as is typical with
vascular endothelial growth factor signaling pathway
inhibitors (VEGF-SPi). For these agents, daily blood
pressure monitoring is recommended during the first
treatment cycle and after each dose escalation, and
every 2-3 weeks thereafter. Although it has an acute
onset, VEGF-SPi-induced hypertension is reversible.
Also, hypertension as a consequence of cardiotoxic-
ity of antineoplastic therapy can occur delayed, years
after the initiation of treatment, as seen with plati-
num-based agents. Platinum becomes incorporated
into DNA, and cisplatin can be detected in the blood-
stream up to 13 years after exposure. Therefore, these
patients require long-term follow-up and sustained
blood pressure control [6].
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je kod ovih pacijenata potrebno dugoroéno praéenje i
dugotrajna kontrola arterijskog krvnog pritiska [6].

Ciljne vrednosti arterijskog krvnog pritiska
kod lecenja onkohipertenzije

Kod pacijenata sa malignim oboljenjem, antihiperten-
zivna terapija se uvodi kada su vrednosti arterijskog
krvnog pritiska = 140/90 mmHg, odnosno kada su u
opsegu hipertenzije | stepena ukoliko je maligno obo-
lienje izleCeno, ukoliko le¢enje malignog oboljenja jos
uvek traje i oCekuje se izleCenje, ali i kada postoji di-
seminacija bolesti uz o¢ekivano prezivljavanje duze od
tri godine (klasa preporuka I) [6]. Kod pacijenata sa me-
tastatskim promenama i ocekivanim prezivljavanjem
izmedu jedne i tri godine vrednosti arterijskog krvnog
pritiska u opsegu hipertenzije | stepena treba razmo-
triti kao prihvatljive (klasa preporuka lla), a iste vredno-
sti arterijskog krvnog pritiska se mogu razmotriti i kod
pacijenata sa loSom prognozom i o¢ekivanim prezivlja-
vanjem kra¢im od godinu dana (klasa preporuka Ilb).
Ciljne vrednosti arterijskog krvnog pritiska kod vecine
pacijenata sa onkohipertenzijom su < 140/90 mmHg
(klasa preporuka I). Sa druge strane, mogu se razmotri-
ti i vrednosti < 130/80 mmHg ukoliko pacijenti dobro
tolerisu nize vrednosti pritiska, a posebno ako se radi o
pacijentima sa visokim ili veoma visokim kardiovasku-
larnim rizikom (klasa preporuka IIb). Apsolutna indika-
cija za prekid antineoplasti¢ne terapije je hipertenzija
[l stepena (= 180/100 mmHg). Terapija se moze nasta-
viti kada se vrednosti arterijskog krvnog pritiska snize
ispod 160/100 mmHg, ali tada obavezno treba razmo-
triti smanjenje doze antineoplasti¢nih lekova [6].

Izbor antihipertenzivne terapije kod lecenja
onkohipertenzije

Kod pacijenata sa hipertenzijom | stepena (< 160/100
mmHg) savetuje se antihipertenzivha monoterapija
[6]. Prvu liniju terapije predstavljaju inhibitori angio-
tenzin-konvertujuéeg enzima ili blokatori angiotenzin-
skih receptora, dok drugu liniju terapije Cine dihidro-
piridinski kalcijumski antagonisti. Ukoliko su vrednosti
arterijskog krvnog pritiska u opsegu hipertenzije Il ste-
pena, indikovana je kombinovana antihipertenzivna
terapija. Primenjuje se kombinacija inhibitora sistema
renin-angiotenzin-aldosteron i kalcijumskih antagoni-
sta u cilju ostvarivanja brze i efikasne kontrole hiper-
tenzije. U slucaju rezistentne hipertenzije, treba razmo-
triti beta-blokatore (najpre vazodilatatorne, kao $to su
nebivolol i karvedilol), potom spironolakton, nitrate i
hidralazin. Klasa lekova koju treba izbegavati kod on-
koloskih pacijenata su nedihidropiridinski kalcijumski
antagonisti (verapamil i diltiazem). lako nisu apsolutno
kontraindikovani, istovremena primena sa lekovima

Target Blood Pressure Values in Onco-
hypertension Management

In cancer patients, antihypertensive therapy is indicat-
ed when blood pressure values are >140/90 mmHg,
that is, within grade 1 hypertension, if the malignan-
cy is cured, if active cancer treatment is ongoing with
curative intent, or in disseminated disease with an ex-
pected survival longer than three years (Class | recom-
mendation) [6]. In patients with metastatic disease and
expected survival between one and three years, grade
1 hypertension values may be considered acceptable
(Class ll recommendation). The same applies to patients
with a poor prognosis and a life expectancy of less than
1 year (Class llb recommendation). For most patients
with onco-hypertension, target blood pressure values
are <140/90 mmHg (Class | recommendation). On the
other side, lower targets (<130/80 mmHg) may be con-
sidered if well tolerated, particularly in those with high
or very high cardiovascular risk (Class llb recommenda-
tion). Absolute indication for discontinuation of anti-
neoplastic therapy is grade Ill hypertension (=180/100
mmHgq). Therapy may be resumed once blood pressure
is reduced below 160/100 mmHg, with mandatory
consideration of antineoplastic dose reduction [6].

Choice of Antihypertensive Therapy in Onco-
hypertension

For patients with grade | hypertension (<160/100
mmHgq), antihypertensive monotherapy is recommend-
ed [6]. First-line agents include angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers,
while dihydropyridine calcium channel blockers are
considered second-line therapy. In grade Il hyperten-
sion, combination therapy is indicated, typically involv-
ing a renin-angiotensin-aldosterone system inhibitor
and a calcium channel blocker, to achieve rapid and ef-
fective blood pressure control. In resistant hypertension,
beta-blockers (particularly vasodilating agents such as
nebivolol and carvedilol), then spironolactone, nitrates,
and hydralazine should be considered.The class of drugs
to be avoided in oncology patients includes non-dihy-
dropyridine calcium channel blockers (verapamil and
diltiazem). Although not absolutely contraindicated,
their concomitant use with VEGF-SPi agents carries the
risk of worsening hypertension due to CYP3A4-mediat-
ed pharmacokinetic interactions and increased plasma
concentrations of the antineoplastic drug [6].

Additional Factors Contributing to Onco-
hypertension

In oncology patients, besides antineoplastic therapy,
it's necessary to be aware that numerous associated
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iz grupe VEGF-Spi nosi rizik od pogorsanja postojece
hipertenzije zbog interakcije na nivou metaboli¢kog
sistema CYP3A4 u jetri i povecanja koncentracije anti-
neoplasti¢nog leka u plazmi [6].

Pridruzeni faktori koji doprinose
onkohipertenziji

Pored antineoplasti¢ne terapije, kod onkoloskih pa-
cijenata je neophodno imati u vidu da postoje brojni
pridruzeni faktori koji mogu uticati na vrednosti arterij-
skog krvnog pritiska [23,24]. Tu spadaju komorbiditeti
(npr. sekundarni depoziti u endokranijumu), konkomi-
tantna terapija (kortikosteroidi koji se ¢esto primenjuju
kao adjuvantna terapija ili nesteroidni antiinflamatorni
lekovi primenjeni kao analgetici), bol, stres, anksio-
znost, poremecaj bubrezne funkcije (radijaciona nefro-
patija ili nefrotoksi¢nost antineoplasti¢nih lekova) i
insuficijencija baroreceptora nakon radijacije u prede-
lu vrata i grudnog ko3a. Takode, i kod ovih pacijenata
mogu postojati ,efekat belog mantila” i maskirana hi-
pertenzija [23,24].

ZAKLJUCAK

Onkohipertenzija predstavlja novi oblik hipertenzije
Cija ucestalost je u porastu, shodno porastu ucestalo-
sti onkoloskih oboljenja, ali i razvoju novih antineo-
plasti¢nih lekova koji imaju svoje nezeljene efekte na
kardiovaskularni sistem. Za blagovremeno i adekvatno
zbrinjavanje pacijenata sa onkohipertenzijom vazno
je dobro poznavanje kardiotoksi¢nih efekata antine-
oplasti¢ne terapije, ali je potrebno uzeti u obzir i sta-
dijum onkoloske bolesti i olekivano prezZivljavanje
pacijenta kako bi se kod svakog pacijenta definisale
ciljne vrednosti arterijskog krvnog pritiska. Otezava-
juca okolnost u zbrinjavanju onkohipertenzije moze
biti istovremeno postojanje drugih kardiovaskularnih
oboljenja koja povecavaju kardiovaskularni rizik, ali i
drugih hroni¢nih oboljenja i pridruzenih faktora koji
mogu kompromitovati efekte primenjene antihiper-
tenzivne terapije. Zbog svega navedenog, hiperten-
zija kod onkoloskih pacijenata zahteva individualan i
sveobuhvatan pristup koji je neophodno realizovati na
svim nivoima zdravstvene zastite, od ambulante nad-
leZnog lekara opSte prakse do specijalizovanih tercijar-
nih zdravstvenih ustanova.

Sukob interesa: Nije prijavljen.
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factors can affect arterial blood pressure [23,24]. These
include comorbidities (e.g., intracranial metastases),
concomitant medications (such as corticosteroids used
as adjuvant therapy or nonsteroidal anti-inflammatory
drugs used for pain management), pain, stress, anxiety,
renal dysfunction (radiation nephropathy or drug-in-
duced nephrotoxicity), and baroreceptor insufficien-
cy following neck or thoracic irradiation. Additionally,
both “white coat effect”and masked hypertension may
occur in these patients [23,24].

CONCLUSION

Onco-hypertension represents a novel and increas-
ingly prevalent form of hypertension, reflecting the
rising incidence of cancer and the development of
new antineoplastic drugs, which have cardiotoxic
potential. Timely and adequate management of pa-
tients with onco-hypertension requires a thorough
understanding of the cardiotoxic effects of antineo-
plastic therapy, along with consideration of oncolog-
ical disease stage and the patient’s expected survival,
to define individualized blood pressure targets. Man-
agement may be further complicated by concurrent
cardiovascular diseases, additional chronic condi-
tions, and factors that can compromise the efficacy
of antihypertensive therapy. For all these reasons, hy-
pertension in oncology patients demands an individ-
ualized and comprehensive approach that must be
implemented at all levels of healthcare from primary
care to specialized tertiary institutions.

Conflict of interest: None declared.

392

Decembar 2025. | Volumen 6 / Broj 4 | SRPski MEDICINSKI CASOPIS LEKARSKE KOMORE



ONKOHIPERTENZIJA — NOVI KLINICKI ENTITET U SAVREMENOJ MEDICINI

Petrovic J. et al.

ONCO-HYPERTENSION — A NEW CLINICAL ENTITY IN MODERN MEDICINE

LITERATURA / REFERENCES

1.

Von Hoff DD, Layard MW, Basa P, Davis HL Jr, Von Hoff AL, Rozencweig M, et
al. Risk factors for doxorubicin-induced congestive heart failure. Ann Intern
Med. 1979;91(5):710-7. doi: 10.7326/0003-4819-91-5-710.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et
al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin.
2021;71(3):209-49. doi: 10.3322/caac.21660.

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in hypertension
prevalence and progress in treatment and control from 1990 to 2019: a pooled
analysis of 1201 population-representative studies with 104 million partici-
pants. Lancet. 2021;398(10304):957-80. doi: 10.1016/50140-6736(21)01330-1.
Erratum in: Lancet. 2022;399(10324):520. doi: 10.1016/50140-6736(22)00061-7.
World Health Organization. Cardiovascular diseases (CVDs) [Internet]. Geneva:
World Health Organization; 2025 [cited 2025 Sep 27]. Available from: https://
www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)

World Health Organization. Hypertension [Internet]. Geneva: World Health
Organization; 2025 [cited 2025 Sep 27]. Available from: https://www.who.
int/news-room/fact-sheets/detail/hypertension

Lyon AR, Lépez-Ferndndez T, Couch LS, Asteggiano R, Aznar MC, Ber-
gler-Klein J, et al; ESC Scientific Document Group. 2022 ESC Guidelines on
cardio-oncology developed in collaboration with the European Hematology
Association (EHA), the European Society for Therapeutic Radiology and On-
cology (ESTRO) and the International Cardio-Oncology Society (IC-0S). Eur
Heart J. 2022;43(41):4229-361. doi: 10.1093/eurheartj/ehac244. Erratum in:
Eur Heart J. 2023;44(18):1621. doi: 10.1093/eurheartj/ehad196.

Piccirillo JF, Tierney RM, Costas I, Grove L, Spitznagel EL Jr. Prognostic
importance of comorbidity in a hospital-based cancer registry. JAMA.
2004;291(20):2441-7. doi: 10.1001/jama.291.20.2441.

Kidoguchi S, Sugano N, Tokudome G, Yokoo T, Yano Y, Hatake K, et al. New
Concept of Onco-Hypertension and Future Perspectives. Hypertension.
2021;77(1):16-27. doi: 10.1161/HYPERTENSIONAHA.120.16044.

Weikert S, Boeing H, Pischon T, Weikert C, Olsen A, Tjonneland A, et al. Blood
pressure and risk of renal cell carcinoma in the European prospective inves-
tigation into cancer and nutrition. Am J Epidemiol. 2008;167(4):438-46. doi:
10.1093/aje/kwm321.

Stocks T, Van Hemelrijck M, Manjer J, Bjorge T, Ulmer H, Hallmans G, et al.
Blood pressure and risk of cancer incidence and mortality in the Metabol-
ic Syndrome and Cancer Project. Hypertension. 2012;59(4):802-10. doi:
10.1161/HYPERTENSIONAHA.111.189258.

. RadiSauskas R, Kuzmickiené I, Milinaviciené E, Everatt R. Hypertension, se-

rum lipids and cancer risk: A review of epidemiological evidence. Medicina
(Kaunas). 2016;52(2):89-98. doi: 10.1016/j.medici.2016.03.002.

. Kim CS, Han KD, Choi HS, Bae EH, Ma SK, Kim SW. Association of Hypertension

and Blood Pressure with Kidney Cancer Risk: A Nationwide Population-Based
Cohort Study. Hypertension. 2020;75(6):1439-46. doi: 10.1161/HYPERTENSIO-
NAHA.120.14820.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Xuan K, Zhao T, Sun C, Patel AS, Liu H, Chen X, et al. The association between
hypertension and colorectal cancer: a meta-analysis of observational studies.
Eur J Cancer Prev. 2021;30(1):84-96. doi: 10.1097/CEJ.0000000000000578.
Liang Z, Xie B, Li J, Wang X, Wang S, Meng S, et al. Hypertension and
risk of prostate cancer: a systematic review and meta-analysis. Sci Rep.
2016;6:31358. doi: 10.1038/srep31358.

Han H, Guo W, Shi W, Yu Y, Zhang Y, Ye X, et al. Hypertension and breast
cancer risk: a systematic review and meta-analysis. Sci Rep. 2017;7:44877.
doi: 10.1038/srep44877.

Arai H, Saitoh S, Matsumoto T, Makita F, Mitsugi S, Yuasa K, et al. Hyperten-
sion as a paraneoplastic syndrome in hepatocellular carcinoma. J Gastroen-
terol. 1999;34(4):530-4. doi: 10.1007/5005350050309.

van der Horst-Schrivers AN, Wymenga AN, Links TP, Willemse PH, Kema IP, de
Vries EG. Complications of midgut carcinoid tumors and carcinoid syndrome.
Neuroendocrinology. 2004;80 Suppl 1:28-32. doi: 10.1159/000080737.
Ikuerowo SO, Ojewuyi 00, Omisanjo OA, Abolarinwa AA, Bioku MJ, Doherty
AF. Paraneoplastic syndromes and oncological outcomes in renal cancer. Ni-
ger J Clin Pract. 2019;22(9):1271-5. doi: 10.4103/njcp.njcp_35_19.

Gibson TM, Li Z, Green DM, Armstrong GT, Mulrooney DA, Srivastava D, et
al. Blood Pressure Status in Adult Survivors of Childhood Cancer: A Report
from the St. Jude Lifetime Cohort Study. Cancer Epidemiol Biomarkers Prev.
2017;26(12):1705-13. doi: 10.1158/1055-9965.EPI-17-0510.

Hashizume H, Nakatani E, Sasaki H, Miyachi Y. Hydrochlorothiazide increas-
es risk of nonmelanoma skin cancer in an elderly Japanese cohort with
hypertension: The Shizuoka study. JAAD Int. 2023;12:49-57. doi: 10.1016/j.
jdin.2023.04.007.

Hicks BM, Filion KB, Yin H, Sakr L, Udell JA, Azoulay L. Angiotensin converting
enzyme inhibitors and risk of lung cancer: population-based cohort study.
BMJ. 2018;363:k4209. doi: 10.1136/bmj.k4209.

Xie Y, Xu P, Wang M, Zheng Y, Tian T, Yang S, et al. Antihypertensive medi-
cations are associated with the risk of kidney and bladder cancer: a system-
atic review and meta-analysis. Aging (Albany NY). 2020;12(2):1545-62. doi:
10.18632/aging.102699.

Cohen JB, Brown NJ, Brown SA, Dent S, van Dorst DCH, Herrmann SM, et
al; American Heart Association Council on Hypertension; Council on Arte-
riosclerosis, Thrombosis and Vascular Biology; and Council on the Kidney
in Cardiovascular Disease. Cancer Therapy-Related Hypertension: A Sci-
entific Statement From the American Heart Association. Hypertension.
2023,80(3):e46-57. doi: 10.1161/HYP.0000000000000224.

Pandey S, Kalaria A, Jhaveri KD, Herrmann SM, Kim AS. Management of hy-
pertension in patients with cancer: challenges and considerations. Clin Kid-
ney J. 2023;16(12):2336-48. doi: 10.1093/ckj/sfad195.

SerBIAN JOURNAL OF THE MepicaL CHAmBER | Volume 6/ No. 4 | December 2025

393



EFEKTI KONTROLISANOG FIZICKOG TRENINGA KOD
BOLESNIKA SA SRCANOM INSUFICIJENCIJOM

PROFESSIONAL ARTICLES

EFFECTS OF CONTROLLED PHYSICAL TRAINING

IN PATIENTS WITH HEART FAILURE

Filip Stoickov', lvan Stoickov?, Viktor Stoickov3*

! Zavod za urgentnu medicinu, Nis, Srbija
2 Zavod za zdravstvenu zastitu radnika Nis, Nis, Srbija

3 Institut za lecenje i rehabilitaciju ,Niska Banja’, Klinika za kardio-
vaskularne bolesti, Niska Banja, Srbija

4 Univerzitet u Nisu, Medicinski fakultet, Nis, Srbija

SAZETAK

Sréana insuficijencija (engl. heart failure — HF) je Klinicki sindrom koji se sastoji
od kardijalnih simptoma (npr. nedostatak vazduha, otok potkolenica i umor), koje
mogu pratiti znaci (npr. povisen jugularni venski pritisak, pukoti nad plu¢ima i
periferni edemi). Bolesnici sa HF imaju ceste hospitalizacije, narusenim je kvalitet
Zivota i skracen Zivotni vek. Bolesnici sa HF imaju smanjen fizicki radni kapacitet,
koji je u velikoj meri izazvan naruSenom hemodinamikom protoka krvi u aktivnoj
skeletnoj muskulaturi. Bolesnicima sa HF potrebno je uraditi kardiopulmonalni
test fizickim opterecenjem, radi procene nivoa i vrsta fizicke aktivnosti koji ¢e
se nakon toga sprovoditi i neophodno je izvrsiti stratifikaciju rizika. Treba poceti
procenom trenutnih mogucnosti i potreba pacijenta za vezbanjem i sastaviti
pocetni program vezbanja sa odredenom vrstom vezbi, njihovim intenzitetom,
brojem ponavljanja i trajanjem u minutima tokom jednog dana, kao i brojem
dana u kojima treba vezbati tokom nedelje. Preporucuje se voznja bicikle (staticke
ili obicne) i peSacenje, Sto predstavlja aerobni, dinamicki tip vezbanja. Aerobni
tip treninga se preporucuje 3—5 puta nedeljno (30—60 minuta po treningu),
a prioritet ima intervalni tip treninga. Ovaj vid treninga poboljSava snagu i
izdrZljivost skeletnih misica i dovodi do povecanja misicne mase. Kod bolesnika
sa srcanom insuficijencijom i kaheksijom preporucuje se rezistentni tip treninga,
koji je kombinacija izotonickog i izometrijskog opterecenja. Ovu vrstu treninga
treba sprovoditi dva puta nedeljno u trajanju 12-20 minuta. Ovaj vid treninga
poboljSava snagu i izdrZljivost skeletnih misica i dovodi do povecanja misi¢ne
mase. Fizicki trening povecava misicnu masu skeletnih misica, promer misi¢nog
vlakna, snaqu, izdrzljivost i fizicki radni kapacitet.

Kljuéne reci: srcana slabost, aerobni trening, fizicke vezbe, fizicki radni kapacitet
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ABSTRACT

Heart failure (HF) is a clinical syndrome characterized by cardiac symptoms
(e.q.,breathlessness, ankle swelling, and fatigue), which may be accompanied by
signs (e.q., elevated jugular venous pressure, pulmonary crackles, and peripheral
edema). Patients with HF often experience frequent hospitalizations, impaired
quality of life, and shortened life expectancy. They also have decreased exercise
capacity, primarily due to impaired hemodynamics within the active skeletal
muscles. Patients with HF should undergo a cardiopulmonary exercise test to
assess their activity level and type, as well as to perform risk stratification. The
initial step should include evaluating the patient’s current exercise capacity and
needs, then creating a personalized exercise program that details the types of
exercises, their intensity, repetitions, duration in minutes per session, and the
number of days per week allocated for training. Cycling (either on a stationary
or regular bicycle) and walking are recommended because they are aerobic,
dynamic forms of exercise. Aerobic training should be performed 35 times a
week (30—60 minutes per session), with emphasis on interval training. This
type of training enhances skeletal muscle strength and endurance, leading to
increased muscle mass. In patients with heart failure and cachexia, resistance
training is advised, combining both isotonic and isometric exercises. This type
of training should be performed twice a week for 12 to 20 minutes per session.
Resistance training also enhances skeletal muscle strength and endurance and
encourages muscle growth. Physical training enhances skeletal muscle mass,
fiber diameter, strength, endurance, and exercise capacity.
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capacity
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uvoD

Src¢ana insuficijencija (engl. heart failure — HF) je klini¢-
ki sindrom koji se sastoji od kardijalnih simptoma (npr.
nedostatak vazduha, otok potkolenica i umor) koje
mogu pratiti znaci (npr. povisen jugularni venski priti-
sak, pukoti nad plu¢ima i periferni edemi). HF nastaje
usled strukturne i/ili funkcionalne abnormalnosti srca
koje rezultira povecanim intrakardijalnim pritiscima i/
ili neadekvatnim sréanim minutnim volumenom srca
u miru i/ili naporu. Identifikacija etiologije sr¢ane dis-
funkcije je obavezna u dijagnostici HF radi odluke o
daljem lecenju. Najcesce, HF nastaje usled miokardne
disfunkcije: sistolne, dijastolne ili obe [1].

HF ostaje vodedi globalni uzrok smrtnosti, morbidi-
teta i loseg kvaliteta Zivota uz visoku upotrebu resursa
i troSkove zdravstvene zastite. lako je incidencija HF
vremenom blago opala, njena prevalenca raste zbog
poboljsanih tretmana HF i duzeg Zivotnog veka u po-
pulaciji [2]. U evropskim zemljama, srednja incidenca
HF je 3,20 slucajeva na 1000 osoba, a srednja prevalen-
ca HF je 17,20 slucajeva na 1000 ljudi [1,3].

lako ishemijska bolest srca ostaje jedan od najce-
$¢ih uzroka HF, poboljsanja u lecenju akutnog infarkta
miokarda (AIM) i sekundarne prevencije smanijili su ri-
zik od HF hospitalizacije nakon prvog AlM-a. Prevalen-
ca sréane insuficijencije se povecava sa godinama sta-
rosti, a najcesci uzrok u bolesnika mladih od 75 godina
je koronarna bolest [1,4-6].

Pacijenti osim HF, ¢esto imaju i nekoliko drugih bo-
lesti. Komorbiditeti se grubo dele na kardiovaskularne
i nekardiovaskularne bolesti. Od kardiovaskularnih ko-
morbiditeta najcesci su arterijska hipertenzija, koro-
narna bolest i atrijalna fibrilacija [7,8]. Od nekardiova-
skularnih komorbiditeta najces¢i su dijabetes melitus,
bubrezna insuficijencija, hroni¢na opstruktivna bolest
pluca i anemija [9,10].

Prema vrednostima ejekcione frakcije leve komore
(engl. left ventricular ejection fraction — LVEF) sréana sla-
bost se deli na onu sa o¢uvanom, blago redukovanom
i redukovanom ejekcionom frakcijom leve komore. Re-
dukovana LVEF je definisana kao < 40%, npr. kod onih
za znacajnom redukcijom sistolne funkcije leve komore
i ovo se oznacava kao (engl. heart failure with reduced
ejection fraction — HFrEF). Pacijenti sa LVEF opsega 41%
do 49% imaju blago redukovanu sistolnu funkciju leve
komore, tj. ,sr¢ana insuficijencija blago redukovane
ejekcione frakcije” (engl. heart failure with mildly redu-
ced ejection fraction — HFmrEF). HF sa o¢uvanom ejekci-
onom frakcijom (engl. heart failure with preserved ejecti-
on fraction — HFpEF) podrazumeva LVEF > 50%. Za po-
stavljanje dijagnoze sr¢ane insuficijencije sa o¢uvanom
ili umereno smanjenom LVEF osim prisustva simptoma
i znaka potrebno je prisustvo povecane vrednosti natri-

INTRODUCTION

Heart failure (HF) is a clinical syndrome characterized
by cardiac symptoms (e.g., shortness of breath, leg
swelling, and fatigue), which may be accompanied
by signs (e.g., elevated jugular venous pressure, pul-
monary crackles, and peripheral edema). HF occurs
due to structural and/or functional abnormalities of
the heart, leading to increased intracardiac pressures
and/or inadequate cardiac output at rest and during
exertion. Identifying the etiology of cardiac dysfuncti-
on is essential for diagnosing HF and guiding further
treatment. Most often, HF results from myocardial dys-
function, which can be systolic, diastolic, or both [1].

HF remains aleading global cause of mortality, mor-
bidity, and poor quality of life, with high resource uti-
lization and healthcare costs. Although the incidence
of HF has slightly decreased over time, its prevalence
continues to increase due to improved HF treatments
and increased life expectancy in the general popula-
tion [2]. In European countries, the median incidence
of HF is 3.20 cases per 1000 people, while the median
prevalence is 17.20 cases per 1000 individuals [1,3].

Although ischemic heart disease remains one of
the most common causes of HF, advances in treating
acute myocardial infarction (AMI) and secondary pre-
vention have lowered the risk of HF hospitalization af-
ter a first AMI. The prevalence of heart failure increases
with age, and among patients under 75 years old, the
most common cause is coronary artery disease [1,4-6].

Patients with HF often have multiple other comor-
bidities. Comorbidities are generally classified into
cardiovascular and non-cardiovascular conditions.
Among cardiovascular comorbidities, the most com-
mon are arterial hypertension, coronary artery disease,
and atrial fibrillation [7,8]. For non-cardiovascular co-
morbidities, the most frequent include diabetes melli-
tus, renal insufficiency, chronic obstructive pulmonary
disease, and anemia [9,10].

According to left ventricular ejection fraction
(LVEF), heart failure is classified into preserved, mildly
reduced, and reduced ejection fraction. Reduced LVEF
is defined as <40%, indicating a significant decrease
in left ventricular systolic function, known as heart
failure with reduced ejection fraction (HFrEF). Patients
with LVEF between 41% and 49% have mildly reduced
systolic function, called heart failure with mildly re-
duced ejection fraction (HFmrEF). Heart failure with
preserved ejection fraction (HFpEF) refers to an LVEF of
50% or higher. To diagnose HF with preserved or mild-
ly reduced LVEF, symptoms and signs must be present
along with elevated natriuretic peptide levels and at
least one of the following: relevant structural heart dis-
ease (such as left ventricular hypertrophy or left atrial
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uretskog peptida uz prisustvo minimum jos jednog od

sledecih kriterijuma: relevantno strukturno osteéenje

srca (hipertrofija leve komore ili uvecana leva pretko-

mora) i/ili dijastolna disfunkcija leve komore [1,11-13].

Sréana insuficijencija moze biti i rezultat disfunkci-
je desne komore. Mehanika i funkcija desne komore su
izmenjene u sklopu opterecenjem pritiskom, ili volume-
nom. Osnovna etiologija hroni¢ne sréane slabosti desne
komore je pluéna hipertenzija nastala usled disfunkcije
leve komore, ali postoje brojni drugi uzroci [1,14].

U klinickoj praksi, za tezinu sr¢ane insuficijencije
najc¢esce su koris¢ene klasifikacije Njujorskog kardio-
loskog drustva (NYHA klasifikacija) i klasifikacija Ame-
rickog Udruzenja kardiologa (ACC/AHA) [1].

NYHA funkcionalna klasifikacija zasnovana je na te-
Zini simptoma i fizickoj aktivnosti:

- Klasa I: Bolesnik nema ogranicenja fizicke aktivnosti,
uobicajeno fizicko opterecenje ne dovodi do zamo-
ra, gusenja ili palpitacija.

+ Klasa II: Postoji manje ogranicenje fizicke aktivnosti,
bolesnik se ose¢a dobro kada miruje ali uobicajene
aktivnosti izazivaju zamor, gusenje ili palpitacije.

- Klasa lll: Bolesnik ima znacajno ogranicenje fizicke
aktivnosti, oseca se dobro u mirovanju, ali male uo-
bicajene aktivnosti dovode do simptoma.

« Klasa IV: Pri najmanjoj fizi¢koj aktivnosti javljaju se
tegobe ili su simptomi Sl prisutni u mirovanju a po-
gorsavaju se pri najmanjem fizickom naporu.

ACC/AHA klasifikacija tezine sréane insuficijencije:

- Stadijum A: Veliki rizik za razvoj sr¢ane insuficijencije
ali bez prisustva strukturnog oboljenja srca ili simp-
toma sréane insuficijencije.

- Stadijum B: Prisustvo strukturnog oboljenja srca bez
simptoma i znakova sr¢ane insuficijencije.

« Stadijum C: Prisustvo strukturnog oboljenja srca sa
simptomima sr¢ane insuficijencije.

- Stadijum D: Refrakterna sr¢ane insuficijencije koja
zahteva primenu specijalnih intervencija.

HEMODINAMSKE PROMENE U SRCANOJ
INSUFICIJENCUJI

Kod bolesnika sa HF smanjen je fizi¢ki radni kapacitet.
Ovo smanjenje u velikoj meri izazvano je hemodina-
mikom protoka krvi u aktivnoj skeletnoj muskulaturi
(sekundarno usled smanjenja minutnog volumena
srca), tako da ovi bolesnici mogu posti¢i manji mak-
simalni minutni volumen u odnosu na zdrave osobe.
Neadekvatna hemodinamika protoka krvi u aktivnoj
skeletnoj muskulaturi nastaje i usled disfunkcije endo-
tela, tako da se pri fizickom naporu krvni sudovi nea-
dekvatno prosire. Udarni volumen u miru, koji je zna-
¢ajno smanjen u sistolnoj HF, slabo se povecava tokom
vezbanja zbog smanjene sposobnost da se poveca

EFFECTS OF CONTROLLED PHYSICAL TRAINING IN PATIENTS WITH HEART FAILURE

enlargement) and/or left ventricular diastolic dysfunc-

tion [1,11-13].

Heart failure can also result from right ventricular
dysfunction. Right ventricular mechanics and function
may be affected by pressure or volume overload. The
primary cause of chronic right ventricular failure is pul-
monary hypertension due to left ventricular dysfunc-
tion, although many other causes exist [1,14].

In clinical practice, the severity of HF is usually as-
sessed using the New York Heart Association (NYHA)
classification and the American College of Cardiology/
American Heart Association (ACC/AHA) classification [1].

The NYHA functional classification is based on
symptom severity and physical activity:

+ Class I: No restrictions on physical activity; regular
physical activity does not lead to fatigue, dyspnea,
or palpitations.

« Class II: Slight restriction in physical activity; com-
fortable at rest, but normal activity causes fatigue,
dyspnea, or palpitations.

« Class lll: Significant restriction of physical activity;
comfortable at rest, but less-than-normal activity
causes symptoms.

+ Class IV: Symptoms of heart failure are present at
rest; any physical activity leads to increased discom-
fort.

ACC/AHA Classification of Heart Failure Severity:

-« Stage A: High risk of developing heart failure but
without structural heart disease or heart failure
symptoms.

« Stage B: Structural heart disease present but with-
out signs or symptoms of HF.

- Stage C: Structural heart disease presenting with
symptoms of heart failure.

-« Stage D: Refractory heart failure requiring special-
ized interventions.

HEMODYNAMIC CHANGES IN HEART FAILURE

In patients with HF, physical exercise capacity is limi-
ted. This limitation mainly results from hemodynamic
changes in active skeletal muscle (secondary to redu-
ced cardiac output), so these patients can achieve a
lower maximal cardiac output than healthy individuals.
Inadequate blood flow hemodynamics in active skele-
tal muscle also stem from endothelial dysfunction, lea-
ding to insufficient vasodilation during physical activi-
ty. Stroke volume at rest, which is significantly reduced
in systolic HF, increases only slightly during exercise
due to impaired ability to enhance left ventricular pre-
load and LVEF [15]. The reduced capacity to increase
left ventricular end-diastolic volume results from the
dilated left ventricle already operating near its maxi-
mum volume, exhausting its preload reserve [4,16].
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prethodno opterecenje (preload) leve komore i LVEF
[15]. Smanjena sposobnost da se poveca enddijastolni
volumen leve komore objasnjava se ¢injenicom da di-
latirana leva komora radi sa ve¢ maksimalnim volume-
nom, tako da su iscrpljene njene rezervne moguénosti
za povecanje preloada [4,16].

Kod bolesnika sa HF, vrina potrosnja kiseonika
(peak VO2) i VO2 na ventilatornom anaerobnom pragu
su tipi¢no redukovani u odnosu na zdrave osobe, pro-
porcionalno tezZini simptoma sréane insuficijencije. Ven-
tilatorni anaerobni prag se temelji na konceptu da pri
odredenom radu snabdevanje misi¢a kiseonikom ne is-
punjava njegove zahteve, a ova neravnoteza povecava
zavisnost od anaerobne glikolize za proizvodnju ener-
gije, sa laktatima kao konacnim metabolickim proizvo-
dom. Mlecna kiselina se tada puferuje bikarbonatima,
oslobada se visak CO2. Rezultat porasta nivoa CO2 jeste
povecanje ventilacije zbog aktivacije hemoreceptora u
karotidnim sinusima sa ciljem eliminisanja viska CO2.

Kada je izrazen u odnosu na izmereni peak VO2,
ventilatorni anaerobni prag se javlja na priblizno 40%-
60% od peak VO2 u vecini sr¢anih bolesnika, s trendom
prema veéem procentu od peak VO2 u bolesnika s hro-
ni¢nom sréanom insuficijencijom [16].

FIZICKI TRENING / VEZBANJE - OPSTA
RAZMATRANJA

Termin ,vezbanje” se definise kao ,aktivnost koja zah-
teva fizicki napor i koja se sprovodi radi odrzavanja ili
poboljsanja zdravlja i pripremljenosti” ili kao ,telesni
napor radi razvoja i odrzavanja fizi¢ke pripremljenosti”.
Postoji Citav niz sli¢nih definicija, a u svima je uocljivo
da je vezba opisana kao aktivan proces, tokom kojeg
pojedinac svesno preduzima dodatne napore (u od-
nosu na stanje mirovanja) koji uklju¢uju odredeni ste-
pen fizickog opterecenja. Kada bi proucavali istoriju
medicine uvideli bi da je vezbanje od samih pocetaka
preporucivano za oCuvanje zdravlja i kao oblik le¢enja.
Verovatno jedan od najcesce navodenih citata koji se
pripisuje Hipokratu glasi:,Kada bismo svakom pojedin-
cu dali pravu koli¢inu ishrane i vezbanja, ne premalo i
ne previse, pronasli bismo najsigurniji put do zdravlja”.
Medutim, tokom poslednje decenije koncept ,Vezba-
nje je lek” postao je globalna zdravstvena inicijativa,
s ciljem da procena fizicke aktivnosti i promocija vez-
banja postane standard u klini¢koj praksi, povezujudi
zdravstvenu zastitu sa fizickom aktivnos¢u i vezbanjem
zasnovanom na dokazima. Osnov za takav pristup je
teza da fizicka aktivnost i veZzbanje promovisu optimal-
no zdravlje i da trebaju biti sastavni deo prevencije i le-
¢enja mnogih zdravstvenih stanja. Ovakvim pristupom
ohrabruju se lekari i drugi pruzaoci zdravstvenih usluga
da ukljuce vezbanje prilikom kreiranja planova le¢enja

In patients with HF, peak oxygen consump-
tion (peak VO2) and VO2 at the ventilatory anaero-
bic threshold are usually diminished compared to
healthy individuals, in proportion to the severity of
HF symptoms. The ventilatory anaerobic threshold is
based on the idea that, at a certain workload, oxygen
delivery to the muscles no longer meets their meta-
bolic needs. This imbalance increases reliance on an-
aerobic glycolysis for energy production, with lactate
as the end product. Lactic acid is then buffered by bi-
carbonate, releasing excess CO,. The rise in CO, levels
stimulates increased ventilation by activating chemo-
receptors in the carotid sinuses, aiming to eliminate
excess CO,.

When expressed relative to measured peak VO,,
the ventilatory anaerobic threshold generally occurs at
about 40%-60% of peak VO, in most cardiac patients,
with a tendency toward a higher proportion of peak
VO, in patients with chronic HF [16].

PHYSICAL TRAINING / EXERCISE - GENERAL
CONSIDERATIONS

The term “exercise” is defined as “activity that requires
physical effort and is performed to maintain or impro-
ve health and fitness” or as “physical exertion under-
taken to develop and maintain physical fitness.” Nu-
merous similar definitions exist, all emphasizing that
exercise is an active process during which an indivi-
dual consciously exerts extra effort (compared with
rest), involving a certain degree of physical load. A re-
view of medical history shows that exercise has been
recommended for health maintenance and therape-
utic purposes since ancient times. One of the most
frequently cited quotes attributed to Hippocrates sta-
tes: “If we could give every individual the right amo-
unt of nourishment and exercise, not too little and
not too much, we would have found the safest way to
health.” However, in the past decade, the concept “Ex-
ercise is Medicine” has become a global health initia-
tive, aiming to make physical activity assessment and
the promotion of exercise a standard part of clinical
practice, connecting healthcare with evidence-based
physical activity and exercise. This approach is based
on the idea that physical activity and exercise pro-
mote optimal health and should be essential for pre-
venting and treating many medical conditions. This
strategy encourages physicians and other healthcare
providers to include exercise in treatment plans and
refer patients to evidence-based exercise programs
and qualified exercise professionals. The role of ex-
ercise in preventing and managing chronic diseases
is relatively well understood [17]. It is believed that,
alongside exercise, proper dietary modification can
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i da upucuju pacijente na programe vezbanja zasnova-
ne na dokazima i kvalifikovane stru¢njake za vezbanje.
Znacaj vezbanja u prevenciji i leCenju hroni¢nih bolesti
su relativno dobro opisane [17]. Smatra se da uz vez-
banje, jedino pravilna modifikacija ishrane, deluje na
smanjenje rizika od skoro svih hroni¢nih bolesti istovre-
meno [18]. Sistematski pregledni ¢lanci i meta-analize
pokazuju da je vezbanje sli¢no delotvorno kao i lekovi
za lecenje nekoliko hroni¢nih stanja, $to pruza nau¢nu
potporu konceptu,Vezbanje je lek”[19,20].

Pacijenti mogu dobiti sveobuhvatnu procenui svo-
jevrsni recept u vidu smernica i uputstava za vezbanje
u klinickom modulu. U skladu sa tim, vezbanje treba
sprovoditi u modulu zajednice. Razvoj aktivne zdrav-
stvene tehnologije omogucava pacijentima da efika-
snije vezbaju. Razvoj opreme za vezbanje, omogucava
ljudima da steknu dobro iskustvo vezbanja i u izvesnoj
meri smanje verovatnocu povreda pri vezbanju. Najno-
viji napredak u tehnologiji, uklju€ujuci rehabilitacionu
robotiku, uredaje za nosenje, virtuelnu stvarnost, ve-
Stacku inteligenciju i pametnu telemedicinu, pruzaju
pacijentima povratne informacije u realnom vremenu
i kontinuirano im pomazu da ispune planirane ciljeve
tokom vezbanja [21].

Individualizacija znaci da treba izabrati intenzitet i
vreme vezbanja u skladu sa li¢cnim moguénostima. Ne
preporucuje se potpuno pracenje iskustava drugih lju-
di sa vezbanjem. Postepenost znadi da intenzitet i vre-
me vezbanja treba povecavati korak po korak. Iznenad-
ni visoki intenzitet i produzeno vezbanje mogu naneti
Stetu, a ne potencirati zdravstvene koristi. Princip upor-
nosti se odnosi na to da pacijent treba da shvati vezbu
kao deo Zivota i da razvija redovne navike za vezbanje.
Nepridrzavanje ovih principa otezava postizanje oce-
kivanih rezultata. Izbor vrste, intenziteta, trajanja i po-
navljanja vezbanja je sloZzen zadatak [22,23].

FIZICKI TRENING KOD KARDIOVASKULARNIH
BOLESNIKA

Aktuelne smernice Svetske zdravstvene organizacije o
fizickoj aktivnosti i sedentarnom ponasanju naglasava-
ju da sve odrasle osobe treba da imaju 150-300 minuta
fizicke aktivnosti umerenog intenziteta nedeljno [24].
Navedeno se moze zameniti sa fizickom aktivnosti vi-
sokog intenziteta ili nekom ekvivalentnom kombinaci-
jom aerobne aktivnosti umerenog i visokog intenziteta
u trajanju od 75-150 minuta nedeljno. Fizicka neak-
tivnost ima velike efekte na globalno zdravlje i vazan
je faktor rizika za kardiovaskularne bolesti i ukupnu
smrtnost, dok redovna fizi¢cka aktivnost ima suprotne
efekte [25]. Jedna od studija sa najve¢im obuhvatom
ispitanika, ukupno njih 116.221, je pokazala da se fak-
tori rizika za kardiovaskularne bolesti i ukupnu smrt-
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also reduce the risk of nearly all chronic diseases [18].
Systematic reviews and meta-analyses show that ex-
ercise is as effective as pharmacological treatments
for several chronic conditions, providing scientific
support for the “Exercise is Medicine” concept [19,20].

Patients may receive a comprehensive assessment
and a personalized exercise “prescription” in the clin-
ical module. Based on this, exercise should be imple-
mented within the community module. Advances in
active health technology enable patients to exercise
more effectively. Developments in exercise equipment
allow individuals to gain a better exercise experience
and reduce the likelihood of injuries. Recent progress
in technology, including rehabilitation robotics, wear-
able devices, virtual reality, artificial intelligence, and
innovative telemedicine, provides patients with re-
al-time feedback and continuous support in meeting
their exercise goals [21].

Individualization involves choosing the intensity
and duration of exercise based on personal abilities.
It is not advisable to completely follow other people’s
exercise routines. Progressiveness means gradually
increasing the intensity and duration. Sudden high-in-
tensity or long-duration exercise can cause harm rath-
er than health benefits. The principle of persistence
emphasizes that individuals should see exercise as part
of daily life and develop consistent habits. Not follow-
ing these principles decreases the chances of reaching
desired results. Selecting the type, intensity, duration,
and frequency of exercise is a complex task [22,23].

PHYSICAL TRAINING IN CARDIOVASCULAR
PATIENTS

Current World Health Organization guidelines on
physical activity and sedentary behavior stress that all
adults should accumulate 150-300 minutes of mode-
rate-intensity physical activity each week [24]. This can
be replaced with high-intensity exercise or a combina-
tion of moderate- and high-intensity aerobic activities
totaling 75-150 minutes weekly. Physical inactivity has
serious consequences for global health and is a key risk
factor for cardiovascular disease and all-cause mortali-
ty, while regular physical activity has the opposite effe-
ct [25]. One of the most extensive studies, involving
116,221 participants, showed that cardiovascular risk
factors and all-cause mortality decrease by 19%-25%
when the minimum weekly physical activity guidelines
are followed, and by 15%-31% when both duration
and high-intensity criteria are met [26].
Cardiovascular diseases are, at least in part, caused
by poor or unhealthy diets and other lifestyle habits,
which can be summarized as maladaptive dietary and
lifestyle factors. A key aspect of lifestyle is physical ac-
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nost smanjuju 19%-25% ukoliko se ispune smernice
o minimalnoj fizi¢koj aktivnosti na nedeljnom nivou,
odnosno 15%-31% ukoliko se ispune kriterijumi tra-
janja aktivnosti i njen intenzitet bude visok [26]. Kar-
diovaskularna oboljenja su, barem delimi¢no, posle-
dica neodgovarajuce ili lose ishrane i drugih zivotnih
navika, koje se mogu sazeti kao neprilagodeni faktori
ishrane i nacina zivota. Kriti¢ni sastavni element zivot-
nog stila su fizi¢cka aktivnost i vezbanje [27]. Dostizanje
i odrzavanje preporucenih nivoa fizicke aktivnosti je u
korelaciji sa smanjenim rizicima od infarkta miokarda i
mozdanog udara, kao i ukupne smrtnosti od kardiova-
skularnih bolesti [28,29]. VeZbanje vrlo verovatno Stiti
od koronarne bolesti srca smanjenjem faktora rizika
kao $to su: povisen krvni pritisak, gojaznost, hiperlipi-
demija i insulinska rezistencija. Pored toga, vezbanje
pruza pozitivne efekte na remodelovanje miokarda [5].
Vezbanje umerenog intenziteta koje se ¢esto praktiku-
je (prose¢no 60-75minuta dnevno) smanjuje rizik od
smrti povezan sa dugim periodima sedenja [30]. Visi
intenziteti veZbanja i smanjenje vremena sedentarnih
aktivnosti smanjuju sveukupni rizik smrtnosti [31]. Na-
lazi meta analiza pokazuju da postizanje preporucenih
nivoa fizicke aktivnosti smanjuje rizik od nepovoljnih
kardiovaskularnih dogadaja za 17%, smrtnost od kar-
diovaskularnih bolesti za 23%, a ucestalost obolevanja
od dijabetes melitusa tip 2 za 26% [32]. Ove rezultate
su takode potvrdili Kivimaki i saradnici [33] zaklju¢ujuci
da je odsustvo fizicke aktivnosti bilo povezano sa 24%
vecim rizikom od koronarne bolesti srca, 16% poveca-
nim rizikom od mozdanog udara i 42% vecim rizikom
od dijabetes melitusa tip 2.

Podaci iz skorasnje meta analize pokazuju 17% ma-
nji rizik od smrtnosti od kardiovaskularnih oboljenja
ukoliko se ovakva vrsta aktivnosti upraznjava 40-60
minuta nedeljno [34]. Kombinacija fizicke aktivnosti
umerenog ili visokog intenziteta daje najizrazenije
efekte na poboljsanje zdravlja kardiovaskularnog si-
stema i smanjenje rizika smrtnosti [35-37]. Sekundar-
na prevencija kardiovaskularnih oboljenja optimalno
obuhvata individualno planirane programe vezbanja,
zajedno sa promenama u nacinu Zivota (skracenje se-
dentarnih aktivnosti, prestanak pusenja, planiranje
ishrane) [38,39]. Studija koja je trajala pet godina po-
kazala je 32% maniji rizik od smrtnosti kod pacijenata
sa kardiovaskularnim oboljenjima (prethodni infarkt
miokarda, kardiotorakalne operacije, angina pektoris)
koji si ucestvovali u programima rehabilitacije srca u
poredenju sa onima koji nisu ucestvovali [40]. Auto-
ri istrazivanja koje je obuhvatilo 23.430 pacijenata sa
kardiovaskularnim oboljenjima su zakljucili da rehabili-
tacija srca zasnovana na vezbanju rezultira smanjenim
rizikom od smrtnosti i poboljsanim kvalitetom Zivota

tivity and exercise [27]. Achieving and maintaining
the recommended levels of physical activity is associ-
ated with lower risks of myocardial infarction, stroke,
and cardiovascular death [28,29]. Exercise likely pro-
tects against coronary heart disease by lowering risk
factors such as hypertension, obesity, hyperlipidemia,
and insulin resistance. Additionally, exercise has pos-
itive effects on myocardial remodeling [5]. Regular
moderate-intensity exercise (about 60-75 minutes
daily) reduces the risk of mortality linked to pro-
longed sitting [30]. Engaging in higher-intensity ex-
ercise and reducing sedentary time further decreases
overall mortality risk [31]. Meta-analytic findings in-
dicate that meeting recommended physical activity
levels lowers the risk of adverse cardiovascular events
by 17%, cardiovascular mortality by 23%, and the in-
cidence of type 2 diabetes mellitus by 26% [32]. These
findings were supported by Kivimaki et al. [33], who
reported that physical inactivity was linked to a 24%
higher risk of coronary heart disease, a 16% increased
risk of stroke, and a 42% higher risk of type 2 diabetes
mellitus. Recent meta-analytic data show a 17% low-
er risk of cardiovascular mortality when this type of
activity is performed for 40-60 minutes weekly [34].
A combination of moderate- and high-intensity phys-
ical activity produces the most significant improve-
ments in cardiovascular health and mortality reduc-
tion [35-37]. Secondary prevention of cardiovascular
diseases ideally includes personalized exercise pro-
grams along with lifestyle changes (reducing seden-
tary behavior, quitting smoking, dietary planning)
[38,39]. A five-year study showed a 32% reduction
in mortality among patients with cardiovascular dis-
ease (previous myocardial infarction, cardiothoracic
surgery, angina pectoris) who participated in cardiac
rehabilitation programs compared to those who did
not [40]. Authors of a study involving 23,430 cardio-
vascular patients concluded that exercise-based car-
diac rehabilitation leads to decreased mortality and
better quality of life [41].

Exercise should be regarded as an intervention
that must be tailored and continuously adjusted to
match the characteristics and preferences of the indi-
viduals it's prescribed for. Ideally, a maximal exercise
test with direct measurement of maximal oxygen con-
sumption (VO2 max) should be conducted for accu-
rate risk assessment and to determine exercise zones
before developing a program [42]. Exercise, especially
high-intensity exercise, is contraindicated in certain sit-
uations, such as the first two days after acute coronary
syndrome or in conditions like uncontrolled arrhyth-
mia, active endocarditis, myocarditis, or pericarditis,
severe symptomatic aortic stenosis, decompensated
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[41]. Vezbanje treba shvatiti kao intervenciju koja treba
da bude individualizovana i kontinuirano prilagodena
karakteristikama i sklonostima osoba kojima je sa te-
rapijskim ciljem namenjena. U idealnom slucaju treba
uraditi maksimalni test opterecenja sa direktnim mere-
njem maksimalne zapremine kiseonika koju telo moze
da iskoristi tokom vezbanja (VO2 max) za pravilnu stra-
tifikaciju rizika i odredivanje zona vezbanja pre sastav-
lianja plana i programa [42]. Vezbanje, posebno ono
veceg intenziteta, je kontraindikovano u nekim slucaje-
vima kao $to su prva dva dana nakon akutnog koronar-
nog sindroma ili u stanjima kao $to su nekontrolisana
aritmija, aktivni endokarditis, miokarditis ili perikarditis,
simptomatska teska stenoza aorte, dekompenzovana
sr¢ana mana, akutna plué¢na embolija, duboka venska
tromboza ili akutna disekcija aorte [42,43].

Iznenadna sr¢ana smrt Cini oko 50% od ukupnog
mortaliteta u prvoj godini nakon prelezanog infarkta
miokarda. Bolesnici nakon prelezanog infarkta miokar-
da Cesto i dalje imaju faktore rizika za ishemijsku bolest
srca. Potrebna je stroga kontrola ovih faktora rizika radi
smanjenja rizika od daljih komplikacija i mortaliteta. Uz
medikamentnu terapiju, vezbanje ima znacajnu ulogu
u kontroli faktora rizika [44]. Neadekvatna ishrana i fi-
zi¢ka neaktivnost favorizuju aterosklerozu [45].

Pacijenti nakon hirurske revaskularizacije miokar-
da (engl. Coronary Artery Bypass Graft — CABG) su u
riziku od novih nezeljenih kardiovaskularnih dogada-
ja, aritmija i iznenadne sréane smrti [46]. Pored toga,
period nakon hirurske intervencije karakterise produ-
Zeno smanjenje fizicke aktivnosti zbog dominantnog
lezeceg polozaja sa pratecom hipotrofijom skeletnih
misica, pogorsanja periferne cirkulacije i disfunkcije
autonomnog nervnog sistema. Klini¢ki se navedeno
manifestuje izrazenim smanjenjem tolerancije na fizi¢-
ki napor, prisustvom posturalne hipotenzije, tahikardi-
je u mirovanju i psiholoskim poremecajima, najcesce
u vidu depresije ili anksioznosti. Stepen smanjenja to-
lerancije na napor najviSe zavisi od duzine boravka u
krevetu i stepena ostecenja funkcije leve komore [47].
Zbog toga je neophodna dobra kontrola faktora rizika
u cilju sekundarne prevencije koronarne bolesti. Poda-
ci pokazuju da je kod pacijenata koji nisu imali fizi¢ku
aktivnost, za godinu dana zabelezeno je oko 15% re-
stenoze, a 88% pacijenata imalo je neZeljene kardio-
vaskularne dogadaje: infarkt miokarda, mozdani udar,
revaskularizacione procedure ili hospitalizaciju zbog
angine pektoris [48].

Nova saznanja mogu otvoriti mogucnosti za po-
boljsanje efekata vezbanja koris¢enjem efikasnijih ili ci-
ljanih strategija. lako ovaj cilj moze izgledati futuristic-
ki, njegove pozitivne koristi bi trebalo da budu snazna
motivacija za dalja istrazivanja u ovoj oblasti. U medu-
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heart failure, acute pulmonary embolism, deep vein
thrombosis, or acute aortic dissection [42,43].

Sudden cardiac death accounts for about 50% of
mortality within the first year after myocardial infarc-
tion. Patients recovering from myocardial infarction of-
ten retain risk factors for ischemic heart disease, neces-
sitating strict management to lower the risk of further
complications and death. In addition to medication,
exercise plays a crucial role in managing risk factors
[44]. Poor diet and physical inactivity contribute to ath-
erosclerosis [45].

Patients after coronary artery bypass grafting
(CABG) remain at risk for new cardiovascular events,
arrhythmias, and sudden cardiac death [46]. Addi-
tionally, the postoperative period is characterized
by prolonged physical inactivity due to mostly ly-
ing in bed, which leads to skeletal muscle hypotro-
phy, impaired peripheral circulation, and autonomic
dysfunction. Clinically, this manifests as significantly
reduced exercise tolerance, postural hypotension,
resting tachycardia, and psychological issues, most
commonly depression or anxiety. The degree of re-
duced exercise tolerance mainly depends on the du-
ration of bed rest and the severity of left ventricular
dysfunction [47]. Therefore, strict management of risk
factors is essential for secondary prevention of coro-
nary disease. Data show that among patients who do
not engage in physical activity, approximately 15%
experience restenosis within one year, and 88% face
adverse cardiovascular events, including myocardial
infarction, stroke, revascularization procedures, or
hospitalization for angina pectoris [48].

New findings could create opportunities to im-
prove exercise outcomes through more efficient or
targeted methods. Although this goal may seem fu-
turistic, its potential advantages should encourage
further research in this area. Meanwhile, the benefits
that are already well-supported by evidence should
be prioritized and implemented as critical initiatives
[27,49].

It must always be emphasized that exercise pro-
grams should be safe and free from harmful effects,
and that health benefits partly depend on the proper
dose. The best approach is to view exercise as a ther-
apeutic tool for cardiovascular disease. Healthcare
professionals, primarily physicians, should play a role
in encouraging, guiding, and promoting appropriate
exercise habits in patients. The phrase “Exercise is Med-
icine” should go beyond simply telling patients to “ex-
ercise” or “exercise a few times per week,” and instead
mean that “exercise be prescribed to patients similarly
to medication”[50,51]. This process begins with assess-
ing the patient’s current abilities and exercise needs,
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vremenu, dokaze o prednostima koje su ve¢ ocigledne
treba primeniti i usvojiti kao kriti¢ne prioritete [27,49].

Stalno treba nagla3avati da programi vezbanja tre-
ba da prvo budu bezbedni i bez stetnih efekata, kao i
da su zdravstvene koristi, u izvesnoj meri, zavisne od
doze. Kao optimalni pristup smatramo posmatranje
vezbanja kao sredstva za leCenje kardiovaskularnih
bolesti. Zdravstveni radnici, u prvom redu doktori me-
dicine, treba da imaju ulogu u podsticanje, nekoj vrsti
mentorskog vodenja i negovanja pravilnih navika pa-
cijenata da vezbaju. Koncept,Vezbanje je lek” treba da
ide dalje od jednostavnog govorenja pacijentima da
Lvezbaju”ili,vezbaju nekoliko dana u nedelji”i zahteva
da se ,veZbanje pacijentima propisuje na nacin ana-
logan receptu za lekove” [50,51]. Umesto toga, treba
poceti procenom trenutnih mogu¢nosti i potreba pa-
cijenta za vezbanjem i sastaviti pocetni program vez-
banja sa odredenom vrstom vezbi, njihovim intenzite-
tom, brojem ponavljanja i trajanjem u minutima tokom
jednog dana, kao i brojem dana u kojima treba vezbati
tokom nedelje. Uz to, treba iznadi nacine za dodatnu
motivaciju i ohrabrivanje pacijenta tokom sprovode-
nja programa vezbanja. Angazovanje kvalifikovanih
profesionalaca je optimalni pristup za adekvatno spro-
vodenje programa i nadgledanje vezbanja. Sistematski
pristup je moguce ostvariti kroz izmene nastavnih pla-
nova u obrazovanju lekara, na nivoima osnovnih i spe-
cijalistickih studija, uvrStavanjem nastavnih predmeta
u kojima ¢e se proucavati znacaj i primena vezbanja u
cilju prevencije i leCenja bolesti.

FIZICKI TRENING U SRCANOJ INSUFICIJENCLJI

Stavovi i preporuke vodedcih svetskih strukovnih orga-
nizacija kardiologa znacajno su se menjali tokom pret-
hodnih pola veka. Kao primer mogu posluziti znacajne
promene u pristupu lecenju bolesnika sa insuficijen-
cijom srca. Do osamdesetih godina dvadesetog veka
obustava fizicke aktivnosti bila je jedna od terapijskih
mera koja je primenjivana kod bolesnika sa ovim obo-
lienjem [52]. Preovladavalo je misljenje da je fizicko
vezbanje za ove bolesnike Stetno, te da moze dovesti
do dilatacije leve komore, dekompenzacije, malignih
aritmija, naprasne sréane smrti i, uopste, do povecanja
smrtnosti. Medutim, dvadesetak godina kasnije istrazi-
vanja ne samo da su negirala stetnost fizicke aktivno-
sti kod ovih bolesnika, ve¢ su ukazala na niz korisnih
efekata [53,54]. Danas lecenje bolesnika sa insuficijen-
cijom srca obuhvata nekoliko mogu¢nosti, a vezbanje
je jedna od vaznijih. Kod bolesnika sa srcanom insufi-
cijencijom tezak fizi¢cki rad nije preporucljiv, medutim
kontrolisani fizi¢ki trening se pokazao koristan kod bo-
lesnika sa NYHA klasom I-lll (HF-ACTION) [55]. Bolesni-
cima sa HF potrebno je uraditi kardiopulmonalni test

then developing an initial program that specifies the
type of exercise, intensity, repetitions, daily duration
in minutes, and weekly sessions. Additional strate-
gies should be employed to motivate and support
the patient throughout the program. Involving quali-
fied professionals is the most effective way to ensure
proper implementation and monitoring. A structured
approach can be developed by updating medical ed-
ucation curricula at both undergraduate and special-
ty-training levels, incorporating courses focused on
the importance and application of exercise in disease
prevention and treatment.

PHYSICAL TRAINING IN HEART FAILURE

The positions and recommendations of leading inter-
national cardiology societies have changed signifi-
cantly over the past fifty years. A clear example is the
major shift in how patients with heart failure are tre-
ated. Before the 1980s, stopping physical activity was
considered a key treatment strategy for these patients
[52]. The common belief was that exercise could be
harmful and might lead to left ventricular dilatation,
decompensation, dangerous arrhythmias, sudden car-
diac death, and increased overall mortality. However,
about twenty years later, studies not only challenged
the idea that exercise was harmful but also demon-
strated many health benefits [53,54]. Today, treating
patients with heart failure involves multiple options,
with exercise being one of the main components. Al-
though intense physical activity is not recommended
for heart failure patients, controlled physical training
is beneficial for those with NYHA class I-Ill (HF-ACTI-
ON) [55]. Patients with heart failure should undergo a
cardiopulmonary exercise test to assess their level and
type of physical activity that will be prescribed, and risk
stratification is essential. In patients with heart failure,
physical training does not cause significant ischemia
or arrhythmias; instead, it improves exercise capacity
and alleviates symptoms. Cycling (stationary or regu-
lar) and walking are recommended as aerobic, dynam-
ic forms of exercise. For patients with NYHA class Il, an
exercise intensity of 70%-80% of peak VO, is advised,
while for NYHA class lll patients, the recommended in-
tensity is 50%-65% of peak VO,, with interval training
being preferred. Aerobic exercise should be performed
3-5 times per week (30-60 minutes per session), prior-
itizing interval training [56].

In patients with heart failure, interval training
shows significantly greater improvements in left ven-
tricular ejection fraction, along with reductions in
left ventricular end-diastolic diameter and pressure,
compared to continuous training. Interval training
also lowers pro-B-type natriuretic peptide (pro-BNP)
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fizickim opterecenjem, radi procene nivoa i vrsta fizicke
aktivnosti koji ¢e se nakon toga sprovoditi i neophodno
je izvrditi stratifikaciju rizika. Kod bolesnika sa sréanom
insuficijencijom, nakon fizickog treninga ne dolazi do
znacajne ishemije i aritmija, a povecava se fizicki radni
kapacitet i smanjuju simptomi. Preporucuje se voznja
bicikle (staticke ili obic¢ne) i peSacenje, $to predstavlja
aerobni, dinamicki tip vezbanja. Za bolesnike NYHA
Il klase preporucuje se intenzitet vezbanja 70%-80%
peakVVO2, a za bolesnike NYHA Ill klase 50%-65% peak
VO2, a prednost ima intervalni trening. Aerobni tip tre-
ninga se preporucuje 3-5 puta nedeljno (30-60 minuta
po treningu), a prioritet ima intervalni tip treninga [56].
Kod bolesnika sa sr¢anom insuficijencijom intervalni
trening je pokazao znacajno bolje efekte na povecanje
ejekcione frakcije leve komore i na smanjenje enddija-
stolnog dijametra i pritiska leve komore u odnosu na
kontinuirani trening. Takode intervalni trening zna-
Cajnije smanjuje pro-B-tip natriuretskog peptida (pro-
BNP) kod bolesnika sa sr¢anom insuficijencijom [57].
U HF-ACTION studiji, kod bolesnika sa sr¢anom insufi-
cijencijom, fizicki trening je smanjio ukupnu smrtnost
i broj hospitalizacija za 11%, dok su kardiovaskularna
smrtnost i hospitalizacije smanjene za 15% [48,56].

Kod bolesnika sa sréanom insuficijencijom i kahek-
sijom preporucuje se rezistentni tip treninga, koji je
kombinacija izotoni¢kog i izometrijskog opterecéenja.
Ovu vrstu treninga treba sprovoditi dva puta nedeljno
u trajanju 12-20 minuta. Ovaj vid treninga poboljsava
snagu i izdrzljivost skeletnih misi¢a i dovodi do pove-
¢anja misi¢ne mase [48]. Istrazivanja su pokazala da
u hroni¢noj sréanoj insuficijenciji vezbanje inhibise
neuro-hormonalnu stimulaciju i produkciju proinfla-
matornih citokina [58]. Takode, aerobni intervalni tre-
ning kod bolesnika sa HF smanjuje nivo natriuretskog
peptida, sistemsku vaskularnu rezistenciju i oksidativni
stres [59]. Kontrolisano vezbanje moze da uspori pato-
fiziologiju progresije sr¢ane insuficijencije. Ovi povoljni
efekti ujedno dovode do poboljsanja simptoma, fizic-
kog kapaciteta i kvaliteta Zivota. Bolesnici kod kojih
vezbanje ne dovodi do poboljsanja fizickog kapacite-
ta imaju losu prognozu. Intenzitet fizickog vezbanja je
izuzetno znacajan. Nagle intenzivne vezbe dovode do
povecanja produkcije proinflamatornih citokina i mar-
kera ostecenja endotela u bolesnika sa sréanom insufi-
cijencijom, dok se ove promene ne vide kada se izvode
umerene vezbe [58,59].

Abnormalnosti endotela su karakteristike sréane
insuficijencije. Narudeni su mnogi aspekti endotelne
funkcije: vazomotorna, hemo-stati¢na, antioksidantna
i inflamatorna aktivnost. Sustinske razlike u endotel-
noj disfunkciji zavise od etiologije, tezine i stabilnosti
bolesnika sa sr¢anom insuficijencijom. Pokazano je da
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more effectively in patients with heart failure [57]. In
the HF-ACTION study, exercise training in heart failure
patients decreased all-cause mortality and hospitaliza-
tions by 119%, while cardiovascular mortality and hos-
pitalizations were reduced by 15% [48,56].

In patients with heart failure and cachexia, resis-
tance training, including isotonic and isometric exer-
cises, is recommended. This type of training should be
performed twice weekly for 12 to 20 minutes. It en-
hances skeletal muscle strength and endurance and
promotes muscle mass gain [48]. Research indicates
that in chronic heart failure, exercise reduces neuro-
hormonal activation and the production of pro-in-
flammatory cytokines [58]. Aerobic interval training in
heart failure patients also lowers levels of natriuretic
peptides, systemic vascular resistance, and oxidative
stress [59]. Controlled exercise may slow the pro-
gression of heart failure by influencing its underlying
mechanisms. These benefits improve symptoms, phys-
ical capacity, and quality of life. Patients who do not
experience improvements in exercise capacity tend to
have a poorer prognosis. Exercise intensity plays a cru-
cial role. Sudden high-intensity exercise can increase
the production of pro-inflammatory cytokines and
markers of endothelial injury in heart failure patients,
whereas such changes are not observed during mod-
erate exercise [58,59].

Endothelial abnormalities are a key feature of heart
failure. Many aspects of endothelial function are im-
paired, including vasomotor, hemostatic, antioxidant,
and inflammatory activities. The specifics of endothe-
lial dysfunction vary depending on the cause, severity,
and stability of the heart failure. It has been shown that
even in healthy individuals, moderate exercise enhanc-
es acetylcholine-induced vasodilation. Improvements
in flow-mediated dilation (FMD) after exercise are as-
sociated with reverse left ventricular remodeling, sig-
nificant increases in LVEF, and decreases in NT-proBNP
levels [59].

Exercise intensity is crucial. Sudden high-intensi-
ty activity raises the production of pro-inflammatory
cytokines and markers of endothelial injury in heart
failure patients, while moderate activity does not
cause such changes. Besides improving vasodilation,
controlled exercise encourages reverse left ventricu-
lar remodeling, significantly enhances left ventricular
ejection fraction, and reduces levels of N-terminal pro-
B-type natriuretic peptide (NT-proBNP) [38,60]. Coro-
nary endothelial dysfunction is independently linked
to impaired left ventricular relaxation in patients with
preserved LVEF who lack coronary artery disease. Ad-
ditionally, based on the text, coronary endothelial
dysfunction in coronary artery disease is connected
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i kod zdravih osoba, umereni fizi¢ki trening povecava
vazodilataciju indukovanu acetilholinom. Poboljsanje
dilatacije brahijalne arterije, izazvana protokom (engl.
flow-mediated dilation — FMD) nakon fizickog treninga
pratilo je reverzno remodeliranje leve komore, znacajna
poboljsanja LVEF i smanjenje nivoa NT-proBNP-a [59].

Intenzitet fizickog vezbanja je izuzetno znacajan.
Nagle intenzivne vezbe dovode do povecanja produk-
cije proinflamatornih citokina i markera oste¢enja en-
dotela u bolesnika sa sréanom insuficijencijom, dok se
ove promene ne vide kada se izvode umerene vezbe.
Pored povecanja vazodilatacije, kontrolisane fizicke ve-
Zbe dovode do reverzije remodelovanja leve komore,
znacajno povecavaju ejekcionu frakciju leve komore i
redukuju nivo N-terminalnog pro-B-tip natriuretskog
peptida (NT-pro-BNP) [38,60]. Koronarna endotelna
disfunkcija je nezavisno udruzena sa narusenom relak-
sacijom leve komore u pacijenata sa oCuvanom LVEF u
odsustvu koronarne bolesti. Takode, koronarna endo-
telna disfunkcija u koronarnoj bolesti udruzena je sa
daljim pogorsanjem dijastolne disfunkcije leve komo-
re. Ovi nalazi su podrzani time da izmenjeni balans NO
doprinosi miokardnoj ishemiji izazvanoj hipertrofijom
miokarda i vodi do sr¢ane insuficijencije. Tako, ostece-
nje koronarnog endotela mozda ima centralno mesto
u sr¢anoj insuficijenciji [38].

ZAKLJUCAK

Kontrolisani fizicki trening je izuzetno koristan kod
bolesnike sa srcanom insuficijencijom. Mnoge rando-
mizovane, kontrolisane studije su pokazale da fizi¢ki
trening moze usporiti patofiziolosku progresiju sr¢ane
insuficijencije. U hroni¢noj sr¢anoj insuficijenciji fizicki
trening inhibiSe neuro-hormonalnu stimulaciju i pro-
dukciju proinflamatornih citokina, smanjuje nivo na-
triuretskog peptida i sistemsku vaskularnu rezistenciju
i smanjuje oksidativni stres. Ovi povoljni efekti takode
povoljno uti¢u na simptome, fizicki radni kapacitet
i kvalitet zivota. Pacijenti od kojih fizicki trening nije
imao povoljne efekte na fizicki radni kapacitet imaju
loSu prognozu.

Intenzitet i vrsta fizickog treninga su izuzetno bitni.
Stalno treba naglasavati da programi vezbanja treba
da prvo budu bezbedni i bez stetnih efekata, kao i da
su zdravstvene koristi, u izvesnoj meri, zavisne od doze.
Kod bolesnika sa sréanom insuficijencijom, aerobni in-
tervalni trening je mnogo efikasniji od moderiranog
kontinuiranog treninga. Pokazano je da i kod zdravih
osoba, umereni fizicki trening povecava vazodilataci-
ju indukovanu acetilholinom. Poboljsanje FMD nakon
fizickog treninga izaziva reverziju remodelovanja leve
komore, povecava ejekcionu frakciju leve komore i
smanjuje nivo NT-pro-BNP.

with further deterioration of left ventricular diastolic
dysfunction. These findings are supported by evidence
that changes in nitric oxide balance contribute to myo-
cardial ischemia caused by myocardial hypertrophy
and lead to heart failure. Therefore, coronary endothe-
lial injury may play a central role in the pathophysiolo-
gy of heart failure [38].

CONCLUSION

Controlled physical training is highly beneficial for
patients with heart failure. Numerous randomized,
controlled trials have shown that exercise can slow
the progression of heart failure’s underlying causes. In
chronic heart failure, physical training reduces neuro-
hormonal activation and pro-inflammatory cytokine
production, lowers levels of natriuretic peptides and
systemic vascular resistance, and decreases oxidative
stress. These positive effects also enhance symptoms,
exercise capacity, and quality of life. Patients who do
not see improvements in exercise capacity from physi-
cal training tend to have a poorer prognosis.

The intensity and type of exercise are critically im-
portant. Exercise programs must always be safe and
free of harmful effects, and the health benefits de-
pend, to some extent, on dose. In patients with heart
failure, aerobic interval training is significantly more
effective than moderate continuous training. Even in
healthy individuals, moderate exercise increases ace-
tylcholine-induced vasodilation. Improved FMD after
exercise leads to reverse left ventricular remodeling,
increases left ventricular ejection fraction, and reduces
NT-proBNP levels.

Healthcare professionals, especially physicians,
should play a crucial role in encouraging, guiding, and
promoting proper exercise habits in patients. The pro-
cess should start with an assessment of the patient’s
current exercise capacity and needs, followed by the
development of an initial training program that speci-
fies the type of exercise, intensity, repetitions, duration
in minutes per day, and the number of exercise days
per week. Additional strategies should be used to mo-
tivate and support patients throughout the program.
Involving qualified professionals is the best way to en-
sure proper implementation and monitoring of the ex-
ercise program.
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Zdravstveni radnici, u prvom redu doktori medi-
cine, treba da imaju ulogu u podsticanju, nekoj vrsti
mentorskog vodenja i negovanja pravilnih navika pa-
cijenata da vezbaju. Treba poceti procenom trenutnih
mogucnosti i potreba pacijenta za vezbanjem i sasta-
viti pocetni program vezbanja sa odredenom vrstom
vezbi, njihovim intenzitetom, brojem ponavljanja i
trajanjem u minutima tokom jednog dana, kao i bro-
jem dana u kojima treba vezbati tokom nedelje. Uz to,
treba iznadi nacine za dodatnu motivaciju i ohrabriva-
nje pacijenta tokom sprovodenja programa vezbanja.
Angazovanje kvalifikovanih profesionalaca je optimal-
ni pristup za adekvatno sprovodenje programa i nad-
gledanje vezbanja.

Sukob interesa: Nije prijavljen.
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SAZETAK

Uvod/Cilj: Direktni oralni antikoagulansi (engl. direct oral anticoagulants —
DOAC) znacajno su unapredili prevenciju i lecenje tromboembolijskih poremecaja
zahvaljujuéi predvidivoj farmakokinetici, pojednostavljenom doziranju i sma-
njenoj potrebi za monitoringom u poredenju sa antagonistima vitamina K. Me-
dutim, sa sve vecom klinickom primenom, noviji dokazi ukazuju da DOAC lekovi
mogu izazvati retke, ali klinicki znacajne nehemoragijske neZeljene reakcije, kao
$to su intersticijumska bolest pluca (engl. interstitial lung disease - ILD) i bulozni
pemfigoid (BP). Cilj ove studije je da predstavi i kontekstualizuje ove slucajeve
kako bi se povecala svest klinicara o retkim plu¢nim i dermatoloskim neZeljenim
reakcijama povezanim sa DOAC terapijom.

Prikaz slucaja: Ova serija slucajeva prikazuje jedanaest starijih muskaraca kod
kojih se razvila intersticijumska bolest pluca (ILD) nakon primene apiksabana,
dabigatrana ili edoksabana, pri cemu je vreme do pojave simptoma variralo od
nekoliko dana do cetiri godine. Kod vecine pacijenata doslo je do poboljsanja
nakon prekida leka i primene kortikosteroida, dok su dva slucaja imala fatalan
ishod. Takode je opisan detaljan slucaj buloznog pemfigoida povezanog sa pri-
menom rivaroksabana kod 86-godiSnjeg muskarca sa vise pridruzenih bolesti,
koji se u potpunosti oporavio nakon prekida terapije rivaroksabanom i lecenja
kortikosteroidima, bez ponovne pojave bolesti tokom jednogodiSnjeg pracenja
na apiksabanu.

Zakljucak: Blagovremeno prepoznavanje i odgovarajuce zbrinjavanje ovih re-
akdija od presudnog su znacaja za dobar ishod lecenja. Ova serija slucajeva po-
sebno istice vaznost farmakovigilance i potrebu za daljim istraZivanjima kako bi
se razjasnili mehanizmi nastanka i faktori rizika koji doprinose razvoju ovakvih
neZeljenih reakcija.

Kljucne redi: intersticijumska bolest pluca, bulozni pemfigoid, direktni oralni
antikoagulansi, novi oralni antikoagulansi, neZeljene reakcije na lekove
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ABSTRACT

Introduction/Objective: Direct oral anticoagulants (DOACs) have significantly
improved the prevention and management of thromboembolic disorders owing
to predictable pharmacokinetics, simplified dosing, and reduced monitoring
compared to vitamin K antagonists. However, as clinical use increases, emerg-
ing evidence suggests that DOACs may also cause rare but clinically important
non-hemorrhagic adverse events, such as interstitial lung disease (ILD) and bul-
lous pemphigoid (BP). The aim of this study is to present and evaluate drug safety
signal cases reported in the existing literature and to contextualize them in or-
der to enhance clinician awareness of rare pulmonary and dermatologic adverse
events associated with DOAC therapy.

Case report: This report describes signal detection of ILD in 11 elderly male
patients following exposure to apixaban, dabigatran, or edoxaban, with latency
periods ranging from several days to four years. Most patients showed clinical
improvement following drug discontinuation and corticosteroid therapy; how-
ever, two experienced fatal outcomes. We additionally report a signal detection
case of rivaroxaban-associated bullous pemphigoid in an 86-year-old male with
multiple comorbidities, who fully recovered following rivaroxaban withdrawal
and corticosteroid therapy, with no recurrence after one year of treatment with
apixaban.

Conclusion: Prompt recognition and management are crucial for favorable out-
comes. These cases underscore the importance of pharmacovigilance and the
need for continued investigation to elucidate mechanisms and risk factors for
such reactions.

Keywords: interstitial lung disease, bullous pemphigoid, direct oral
anticoagulants, novel oral anticoagulants, adverse drug reactions
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uvoD

Tromboembolijski poremecaji kao $to su mozdani
udar izazvan atrijalnom fibrilacijom, venska trombo-
embolija i plu¢na embolija i dalje predstavljaju glavne
uzroc¢nike globalnog morbiditeta i mortaliteta, zbog
¢ega je antikoagulantna terapija neophodna u savre-
menoj klinickoj praksi [1-3]. lako su ovi agensi veoma
efikasni, njihovu terapijsku korist uvek moramo sagle-
davati u skladu sa bezbednosnim rizicima, posebno
rizikom od krvarenja, koje moze biti blago do opasno
po zivot [3].

Uvodenje direktnih oralnih antikoagulanasa
(DOAC), kao sto su apiksaban, dabigatran, edoksaban
i rivaroksaban, promenilo je paradigmu upravljanja an-
tikoagulantnom terapijom, omogucdavajudi predvidivu
farmakokinetiku, fiksno doziranje, manje interakcija sa
lekovima i hranom, kao i smanjenu potrebu za rutin-
skim laboratorijskim pracenjem [1,2]. Medutim, uprkos
prednostima isti¢e se vaznost kontinuiranog pracenja
bezbednosti leka nakon njegovog stavljanja u promet,
kako bi se uocile retke ili neocekivane nezeljene reak-
cije [3-5].

Farmakovigilanca je posebno vazna, jer klinicka
ispitivanja ¢esto ne traju dovoljno dugo, ne ukljucuju
dovoljno raznovrsnu populaciju ili dovoljno veliki uzo-
rak da bi se otkrili retki ili odlozeni dogadaji [4,5]. Spon-
tano prijavljivanje i opservacione studije omogucili su
identifikovanje ranije nepoznatih nezZeljenih reakcija
na DOAC, koje se javljaju i van okvira hemoragijskih
reakcija. Kada je re¢ o ovakvim reakcijama, sve cesce
se izvesStava o dva retka, ali klinicki znacajna nezeljena
efekta - intersticijumskoj bolesti pluca (ILD) i buloznom
pemfigoidu (BP) [4-7].

U vezi sa ovim bolestima, nedavno su posebnu pa-
Znju privukla dva stanja: intersticijumska bolest plu¢a
(IBP) povezana sa upotrebom direktnih oralnih anti-
koagulanasa i bulozni pemfigoid izazvan upotrebom
rivaroksabana [4-7]. lako retke, ove nezeljene reakci-
je predstavljaju dijagnosticke izazove i mogu biti ne-
dovoljno prepoznate u klini¢koj praksi [4-7]. Njihovo
uocavanje podvlaci vaznost kontinuirane farmakovigi-
lance, postojanja svesti kod lekara i stalnog istrazivanja
sireg bezbednosnog profila DOAC lekova [4-71].

Za potrebe ovog pregleda sprovedena je pomoc¢na
pretraga literature koriste¢i baze podataka PubMed,
Web of Science i Google Scholar do marta 2025. go-
dine. Uklju¢eni su samo ¢lanci koji su prosli postupak
recenziranja, studije slucaja, serije slucajeva, pregledi
i analize iz oblasti farmakovigilance objavljene na en-
gleskom jeziku. Dodatni izvori izdvojeni su manuelnim
pregledom referentnih listi relevantnih ¢lanaka. Du-
plikati su uklonjeni, a studije su ocenjivane na osnovu
njihovog fokusa na retke, nehromoragijske nezeljene

A CASE REPORT OF LITERATURE-BASED PHARMACOVIGILANCE SIGNAL DETECTION

INTRODUCTION

Thromboembolic disorders such as atrial fibrillati-
on-related stroke, venous thromboembolism, and pul-
monary embolism remain major contributors to global
morbidity and mortality, making anticoagulant the-
rapy essential in modern clinical practice [1-3]. Whi-
le these agents are highly effective, their therapeutic
benefits must always be balanced against safety con-
cerns, particularly the risk of bleeding events that can
range from minor to life-threatening [3].

The introduction of direct oral anticoagulants (DO-
ACs), including apixaban, dabigatran, edoxaban, and
rivaroxaban, has changed anticoagulation manage-
ment paradigms by providing predictable pharmacoki-
netics, fixed dosing, fewer drug and food interactions,
and reduced need for routine laboratory monitoring
[1,2]. However, these advantages have also highlight-
ed the importance of continuous post-marketing safe-
ty monitoring to identify rare or unexpected adverse
reactions [3-5].

Pharmacovigilance is particularly important, as
clinical trials often lack sufficient duration, popula-
tion diversity, or sample size to detect infrequent or
delayed events [4,5]. Spontaneous reporting systems
and observational studies have consequently revealed
previously unrecognized adverse reactions to DOACs,
extending beyond hemorrhagic events. Among these,
two rare but clinically significant toxicities, i.e., inter-
stitial lung disease (ILD) and bullous pemphigoid (BP),
have been increasingly reported [4-7].

Among these, two conditions have recently
gained attention: interstitial lung disease (ILD) as-
sociated with direct oral anticoagulants and rivar-
oxaban-induced bullous pemphigoid [4-7]. Though
uncommon, these adverse events pose diagnostic
challenges and may be underrecognized in clinical
practice [4-7]. Their identification underscores the
importance of ongoing pharmacovigilance, clini-
cian awareness, and continued investigation into the
broader safety profile of DOACs [4-71].

To inform this review, a supportive literature search
was conducted using PubMed, Web of Science, and
Google Scholar up to March 2025. Only peer-reviewed
articles, case reports, case series, reviews, and phar-
macovigilance analyses published in English were
included. Additional sources were identified by man-
ually screening the reference lists of relevant articles.
Duplicate records were removed, and studies were
evaluated for relevance based on their focus on rare,
non-hemorrhagic adverse events associated with nov-
el oral anticoagulants (NOACs).

This report aims to assess drug safety signal cases
from the existing medical literature, present pharma-

408

Decembar 2025. | Volumen 6 / Broj 4 | SRPski MEDICINSKI CASOPIS LEKARSKE KOMORE



INTERSTICIJUMSKA BOLEST PLUCA | BULOZNI PEMFIGOID POVEZANI SA PRIMENOM DIREKTNIH ORALNIH ANTIKOAGULANASA:

PRIKAZ SLUCAJA DETEKCIJE SIGNALA ZASNOVANIH NA LITERATURI U FARMAKOVIGILANCI

Hadzi-Nikoli¢ N.

INTERSTITIAL LUNG DISEASE AND BULLOUS PEMPHIGOID ASSOCIATED WITH DIRECT ORAL ANTICOAGULANT USE:

A CASE REPORT OF LITERATURE-BASED PHARMACOVIGILANCE SIGNAL DETECTION

reakcije povezane sa upotrebom novih oralnih antiko-
agulanasa (engl. novel oral anticoagulants - NOACQ).

Ovaj izvestaj ima za cilj da proceni bezbednosne
signale u vezi sa lekovima iz postoje¢e medicinske li-
terature, predstavi rezultate medicinskog pregleda far-
makovigilance pacijenata koji su oboleli od interstici-
jumske bolesti pluca i buloznog pemfigoida, i sintetise
dostupne dokaze o ovim neZeljenim reakcijama, sa fo-
kusom na njihove klinicke karakteristike, potencijalne
mehanizme i implikacije za le¢enje pacijenata i prace-
nje bezbednosti lekova.

PRIKAZ SLUCAJA

Kao deo procesa otkrivanja bezbednosnih signala u
farmakovigilanci, izveStavamo o objedinjenoj seriji
koju ¢ini 11 slucajeva starijih muskaraca kod kojih se
nakon izlaganja apiksabanu, dabigatranu ili edoksa-
banu razvila intersticijumska bolest pluc¢a (ILD). Po-
red toga, dajemo detaljan prikaz slucaja 86-godisnjeg
muskarca kod koga se nakon zapocinjanja terapije ri-
varoksabanom razvio bulozni pemfigoid (BP).

Intersticijumska bolest pluca (ILD) povezana sa
DOAC lekovima

Bezbednosni signal u vezi sa intersticijumskom bolesti
pluca (ILD) povezanom sa NOAC, odnosno DOAC lekovi-
ma, prvi put se javlja u izvestaju iz baze podataka o bez-
bednosti sa datumom zakljucavanja podataka od 28. fe-
bruara 2025. godine. Ovaj signal obuhvatio je objedinje-
nu seriju od 11 starijih muskih pacijenata, objavljenu u
preglednom radu Hana i saradnika [8], u kojem su proce-
njeni dokazi dostupni do marta 2023. godine. Objedinje-
na serija slucajeva od 11 starijih muskih pacijenata, sta-
rosti 65-91 godine (prosecna starost 79,6 + 7,1 godina),
kod kojih se tokom primene apiksabana, dabigatrana ili
edoksabana javila intersticijumska bolest pluca (ILD), evi-
dentirana je kao signal farmakovigilance. Latentni period
je znacajno varirao, od tri dana do ¢ak Cetiri godine po
zapocinjanju terapije. Svi pacijenti su imali dispneju, a di-
fuzno alveolarno krvarenije je bilo ¢esto prisutno. Klinicki
ishodi bili su neujednaceni: kod devet pacijenata doslo
je do poboljsanja nakon obustave primene leka, ¢esto
u kombinaciji sa pulsnom terapijom metilprednizolo-
nom, dok su dva pacijenta preminula usled respiratorne
insuficijencije. Zakljucak ove serije jeste da se ILD moze
javiti prilikom upotrebe vise razli¢itih NOAC lekova, te
da su rano snimanje, u kombinaciji sa momentalnom
obustavom primene leka i primenom kortikosteroidne
terapije, od klju¢nog znacaja za poboljsanje ishoda [8].
Tokom procene farmakovigilance procenjeno je da kod
primenjenih NOAC lekova postoji moguca uzro¢na po-
vezanost sa uocenim reakcijama. Detaljni nalazi dobijeni
u ovoj seriji prikazani su u Tabeli 1.

covigilance medical review results of patients expe-
riencing ILD and BP, and synthesize the available evi-
dence on these adverse events, with a focus on their
clinical characteristics, potential mechanisms, and
implications for patient management and drug safety
monitoring.

CASE REPORT

As a part of a pharmacovigilance signal detection pro-
cess, we report a collated series of 11 cases of elder-
ly males who developed interstitial lung disease (ILD)
following exposure to apixaban, dabigatran, or edoxa-
ban. Additionally, we present a detailed case of an
86-year-old male who developed bullous pemphigoid
(BP) following the initiation of rivaroxaban.

Interstitial Lung Disease (ILD) Associated with
DOACs

A pharmacovigilance signal of ILD associated with NO-
ACs or DOACs was first identified in the safety database
report with a data lock point of 28 February 2025. This
signal comprised a collated series of 11 elderly male
patients, published in a literature review by Han et al.
[8], which evaluated the evidence available up to March
2023. A collated case series of 11 elderly male patients,
aged 65-91 years (mean age 79.6 + 7.1), who developed
ILD in association with apixaban, dabigatran, or edox-
aban, was received as a pharmacovigilance signal. The
latency period varied widely, ranging from three days to
as long as four years following treatment initiation. All
patients presented with dyspnea, and diffuse alveolar
hemorrhage was a common feature. Clinical outcomes
were mixed: nine patients improved following drug
withdrawal, often in combination with methylprednis-
olone pulse therapy, while two patients died due to
respiratory failure. The conclusion drawn from this se-
ries was that ILD can occur in association with several
NOACs and that early imaging, combined with imme-
diate drug discontinuation and corticosteroid therapy,
is essential for improving outcomes [8]. Throughout the
pharmacovigilance review process, the administered
NOACs were assessed as having a possible causal rela-
tionship with the observed events. The detailed find-
ings of this series are summarized in Table 1.

This signal remained under monitoring, with
re-evaluation planned for the next safety database re-
view to incorporate additional non-Asian data and re-
fine risk factor assessment.

Rivaroxaban-Associated Bullous Pemphigoid (BP)

As part of our routine pharmacovigilance activities, a
particularly well-documented Individual Case Safety
Report (ICSR) of rivaroxaban-associated bullous pem-

SerBIAN JOURNAL OF THE MepicaL CHAmBER | Volume 6/ No. 4 | December 2025

409



INTERSTICIJUMSKA BOLEST PLUCA | BULOZNI PEMFIGOID POVEZANI SA PRIMENOM DIREKTNIH ORALNIH ANTIKOAGULANASA:

Hadzi-Nikoli¢ N.

PRIKAZ SLUCAJA DETEKCIJE SIGNALA ZASNOVANIH NA LITERATURI U FARMAKOVIGILANCI

INTERSTITIAL LUNG DISEASE AND BULLOUS PEMPHIGOID ASSOCIATED WITH DIRECT ORAL ANTICOAGULANT USE:

Tabela 1. Kljucni nalazi u okviru slucajeva ILD povezanih sa NOAC

Parametar Nalaz

Paciienti 11 odraslih muskaraca (65—91 godina; prosecna starost
J 796+7.1)

NOAC koji je

povezan sa apiksaban, dabigatran, edoksaban

dogadajem

Latentni period 3 dana — 4 godine po zapocinjanju terapije

Klinicka slika Dispneja kod svih; uobicajeno difuzno alveolarno krvarenje
9 pacijenata se oporavilo nakon iskljucivanja leka + pulsna
Ishodi terapija metilprednizolonom; 2 preminulo (respiratorna
insuficijencija)
ILD moguca usled primene vise razlicitih NOAC lekova;
Zakljucak preporucuju se rano snimanje i brzo povlalenje leka +

steroidi

Ovaj bezbednosni signal se i dalje prati, a za nared-
ni pregled baze podataka o bezbednosti planirana je
ponovna evaluacija kako bi se ukljucili dodatni podaci
izvan Azije i unapredila procena faktora rizika.

Bulozni pemfigoid (BP) povezan sa upotrebom
rivaroksabana

Zahvaljujudi nasim rutinskim aktivnosima na polju far-
makovigilance, u nasoj globalnoj bazi podataka otkri-
ven je jedan posebno dobro dokumentovan izvestaj o
bezbednosti pojedinacnog slucaja (engl. Individual Case
Safety Report-ICSR) buloznog pemfigoida povezanog sa
primenom rivaroksabana. Zahvaljujué¢i ovom objavlje-
nom slucaju otkrili smo poseban, dobro dokumentovan
bezbednosni signal zasnovan na literaturi, koji se odnosi
na pojedinacni slu¢aj buloznog pemfigoida povezanog
sa upotrebom rivaroksabana. 86-godisnji muskarac sa
slozenom anamnezom, koja ukljucuje hipertenziju, di-
jabetes tipa 2, hroni¢nu bubreznu bolest (engl. chronic
kidney disease - CKD; eGFR 45-50 mL/min), dislipidemiju
i paroksizmalnu atrijalnu fibrilaciju (CHA,DS,-VASc skor
= 4), zapoceo je terapiju rivaroksabanom u dozi od 15
mg dnevno i bisoprololom u julu 2019. godine, nakon
postavljene dijagnoze atrijalne fibrilacije. Do decembra
2019. godine kod pacijenta se javio opsti svrab, koji je u
pocetku pripisan upotrebi rivaroksabana, $to je dovelo
do zamene terapije apiksabanom u januaru 2020. godi-
ne. Medutim, usled loSeg pridrzavanja propisanog rezi-
ma koji je podrazumevao uzimanje leka dva puta dnev-
no, rivaroksaban je ponovo uveden pocetkom februara,
u dozi od 20 mg dnevno [6].

Istovremeno je primenjivana terapija koja je uklju-
¢ivala ramipril, metformin, atorvastatin, gliklazid, dil-
tiazem i digoksin, dok upotreba lekova koji se izdaju
bez recepta nije prijavljena. U roku od nedelju dana od

A CASE REPORT OF LITERATURE-BASED PHARMACOVIGILANCE SIGNAL DETECTION

Table 1. Core findings of ILD cases associated with NOACs

Parameter Findings

Patients 11 elderly males (65-91y; mean 79.6 £7.1)

Implicated NOACs ~ Apixaban, Dabigatran, Edoxaban

Latency 3 days — 4 years post-start

Clinical picture Dyspnea in all; diffuse alveolar hemorrhage common

9 recovered after withdrawal + methylprednisolone

D pulse; 2 died (respiratory failure)

ILD possible with several NOACs; early imaging and

Conclusion . .
prompt withdrawal + steroids recommended

phigoid was identified in our global safety database.
With this published case, we identified a distinct,
well-documented literature-based signal of a single
case of rivaroxaban-associated bullous pemphigoid.
An 86-year-old male with a complex medical history, in-
cluding hypertension, type 2 diabetes mellitus, chronic
kidney disease (CKD; eGFR 45-50 mL/min), dyslipid-
emia, and paroxysmal atrial fibrillation (CHA,DS,-VASc
score =4) was initiated on rivaroxaban 15 mg daily and
bisoprolol in July 2019 following the diagnosis of atrial
fibrillation. By December 2019, he developed general-
ized pruritus, which was initially attributed to rivarox-
aban, prompting a switch to apixaban in January 2020.
However, due to poor adherence to the twice-daily
regimen, rivaroxaban was reintroduced at a dose of 20
mg daily in early February [6].

Concomitant medications included ramipril, met-
formin, atorvastatin, gliclazide, diltiazem, and digoxin,
with no reported use of over-the-counter products.
Within one week of rivaroxaban re-initiation, the pa-
tient developed tense bullae on the abdomen, which
subsequently progressed to crusted erosions and bul-
lous eruptions on the limbs. He was admitted to hospi-
tal on March 2, 2020.

On examination, violaceous plaques with hemor-
rhagic crusts were noted on the abdomen, and multi-
ple intact bullae were present on the extremities. No
mucosal involvement was identified. Skin biopsy re-
vealed a subepidermal blister with eosinophilic infiltra-
tion. Directimmunofluorescence demonstrated strong
C3 deposition along the basement membrane, consis-
tent with the diagnosis of bullous pemphigoid (BP).

Following hospitalization, rivaroxaban was discon-
tinued, and therapy was switched to apixaban. The pa-
tient received systemic corticosteroids and adjunctive
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Tabela 2. Lecenje i ishod pacijenta sa buloznim pemfigoidom povezanim sa primenom rivaroksabana

Datum
Mart 2020. godine
Mart 2020. godine

Terapija
Apiksaban 5 mg dva puta dnevno

Oralno primenjen prednizon 50 mg na dan, postepeno
smanjen nal6 mg; nega rana

Maj 2020. godine
Mart 2021. godine

Prednizon, azatioprin, doksiciklin

Ishod

Znacajno povlacenje lezija

Bez ponovnog javljanja lezija nakon vise od godinu dana primene apiksabana

Table 2. Treatment and outcome of the patient with rivaroxaban-associated bullous pemphigoid

Date Therapy Outcome

March 2020 Apixaban 5 mg twice daily

March 2020 Oral prednisone 50 mg daily, tapered to 16 mg; wound care

May 2020 Prednisone, azathioprine, doxycycline Significant lesion resolution

March 2021 No recurrence after > 1 year on apixaban

ponovnog zapocinjanja terapije rivaroksabanom, paci-
jentu su se na abdomenu pojavile napete bule, koje su
potom progresivno prelazile u erozije pokrivene kra-
stama i bulozne erupcije na ekstremitetima. U bolnicu
je primljen 2. marta 2020. godine.

Pregledom su uocene ljubicaste naslage sa hemo-
ragi¢nim krastama na abdomenu, dok su na ekstremi-
tetima bile prisutne visestruke intaktne bule. Nije utvr-
dena zahvacenost sluzokoZe. Biopsijom koze utvrden
je subepidermalni mehur sa eozinofilnom infiltracijom.
Direktna imunofluorescencija pokazala je izrazene de-
pozite C3 duz bazalne membrane, $to je u skladu sa di-
jagnozom buloznog pemfigoida (BP).

Nakon hospitalizacije, rivaroksaban je iskljucen i
umesto njega je uveden apiksaban. Pacijent je lec¢en
sistemskim kortikosteroidima uz dodatnu imunosu-
presivnu terapiju, uz postepeno klinicko poboljsa-
nje. Vrednost Naranjo skora bila je +5, a apiksaban je
uspesno primenjen bez ponovnog javljanja buloznih
erupcija tokom jednogodisnjeg perioda pracenja. Ima-
juci u vidu objedinjenu seriju slucajeva, primenjeni
apiksaban je tokom ovog farmakovigilantnog pregle-
da procenjen kao potencijalni uzro¢nik nastanka neze-
liene reakcije. U Tabeli 2 prikazan je vremenski okvir i
ishodi le¢enja.

DISKUSIJA

Ovi izvestaji o proceni bezbednosnih signala u farma-
kovigilanci predstavljaju znacajan doprinos jer objedi-
njuju 11 slucajeva ILD povezanih sa primenom DOAC
lekova, te predstavljaju jedan izolovan slucaj buloznog
pemfigoida izazvanog upotrebom rivaroksabana, ¢ime
postaju jedan od najopseznijih klinickih pregleda ovih
retkih nehemoragi¢nih neZeljenih reakcija. Ovi slucaje-
vi isticu retke, ali ozbiljne nezeljene reakcije povezane
sa direktnim oralnim antikoagulansima i naglasavaju

immunosuppressive therapy, with progressive clinical
improvement. The Naranjo score was +5 and apixaban
was successfully administered without recurrence of
bullous eruptions during the follow-up period of one
year. Consistent with the collated series, the admin-
istered apixaban was assessed as having a possible
causal relationship during this pharmacovigilance re-
view. Table 2 summarizes the treatment timeline and
outcomes.

DISCUSSION

These pharmacovigilance signal assessment reports
make an important contribution by consolidating 11
ILD cases associated with DOACs, along with a distin-
ct case of rivaroxaban-induced BP, representing one
of the most comprehensive clinical overviews of these
rare non-hemorrhagic toxicities to date. These cases
highlight rare but serious adverse reactions associa-
ted with direct oral anticoagulants and underscore
the importance of early recognition, appropriate ma-
nagement, and consideration of alternative therapies.
Multiple single-case reports and small series have
described ILD, often accompanied by diffuse alveolar
hemorrhage, following exposure to NOACs. Importan-
tly, this safety concern is not currently reflected in the
European Union Summary of Product Characteristics
(SmPCQ) or in most Risk Management Plans. The ILD fin-
dings align with pharmacovigilance data reported by
Raschi et al. and others [4,8], suggesting that although
infrequent, these pulmonary reactions can have severe
outcomes. The consistent demographic pattern (elder-
ly Asian males with comorbidities) points to potential
population-specific susceptibility.

Additional support for this association comes from
a single-center observational survey in Japan. Among
870 apixaban users, four developed ILD, correspond-
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znacaj ranog prepoznavanja, adekvatnog lecenja i raz-
matranja alternativnih terapija. Visestruki prikazi po-
jedinacnih slucajeva i male serije slu¢ajeva opisali su
ILD, Cesto prac¢enu difuznim alveolarnim krvarenjem,
nakon izlaganja NOAC lekovima. Vazno je napomenuti
da ovaj bezbednosni problem trenutno nije naveden
u Sadrzaju karakteristika leka (SmPC) u Evropskoj uniji
niti u vedini planova upravljanja rizicima. Nalazi u okvi-
ru ILD poklapaju se sa podacima farmakovigilance koje
su objavili Rasi i saradnici [4,8], $to ukazuje na to da,
iako retke, ove pluéne reakcije mogu imati ozbiljne po-
sledice. Dosledan demografski obrazac (stariji muskar-
ci azijskog porekla sa pridruzenim bolestima) ukazuje
na potencijalnu populaciono osetljivu predispoziciju.

Dodatnu potvrdu da ova povezanost postoji pru-
Za opservaciona studija sprovedena u pojedinacnom
centru u Japanu. Medu 870 korisnika apiksabana, Ce-
tvoro je dobilo ILD, $to odgovara ucestalosti od pribliz-
no 0,45%. Svi oboleli pojedinci bili su stariji japanski
muskarci, a u tri od Cetiri slucaja simptomi su se razvili
u roku od jedne nedelje od pocetka terapije. Uprkos
leCenju pulsnom terapijom metilprednizolonom i me-
hanickoj podrsci, dva pacijenta su preminula. Ovi nala-
zi dodatno potvrduju potencijalnu ozbiljnost ove ne-
zeljene reakcije i ukazuju na postojanje demografske
predispozicije [9].

lako je ILD i dalje retka nezeljena reakcija kod svih
DOAC lekova, opservacione studije i izvestaji farmako-
vigilance ukazuju na odredenu varijabilnost rizika u za-
visnosti od specificnog agensa, demografskih karakte-
ristika pacijenta i prisustva pridruzenih bolesti. Tabela
3 prikazuje dostupne dokaze o ucestalosti ILD kada je

Tabela 3. Poredenje ucestalosti i karakteristika ILD u slucaju primene razlicitih DOAC

A CASE REPORT OF LITERATURE-BASED PHARMACOVIGILANCE SIGNAL DETECTION

ing to an incidence of approximately 0.45%. All affect-
ed individuals were elderly Japanese men, and in three
of the four cases symptoms developed within one
week of drug initiation. Despite treatment with meth-
ylprednisolone pulse therapy and ventilatory support,
two patients died. These findings further reinforce the
potential seriousness of this adverse reaction and sug-
gest a demographic susceptibility [9].

Although ILD remains an uncommon adverse
event across all DOACs, observational studies and
pharmacovigilance reports suggest some variability
in risk depending on the specific agent, patient demo-
graphics, and comorbidities. Table 3 summarizes the
available evidence on the incidence of ILD among dif-
ferent DOACs and highlights key patient and drug-re-
lated factors.

The majority of reported cases involve elderly
Asian males, and several clinical risk factors have been
proposed, including renal impairment, pre-existing
pulmonary disease, and a history of smoking. Drug-re-
lated factors may also contribute to the risk. Apixaban
is associated with a higher potential for metabolic in-
teractions, whereas rivaroxaban carries a higher risk
of bleeding complications. Alveolar hemorrhage itself
may mimic or precipitate interstitial lung disease, mak-
ing the distinction between these entities clinically
challenging. The relationship between hemorrhage
and ILD remains an unresolved question [4,8].

At present, interstitial lung disease is not listed as
an adverse reaction in the EU SmPC for any NOAC. In
contrast, Japan introduced “important precautions”
for rivaroxaban as early as February 2014, specifically

DOAC Prijavljena ucestalost Studija / Populacija Osnovne karakteristike / Faktori rizika
Apiksaban ~0,45% Ja[.)an.skavstudlja sprovedena u Star.uvl r.nuskavra;’poFetak boIes’Fl u roku od jedne nede]je kod vecine;
pojedinacnom centru (n =870) [9] | uobicajeno otecenje bubrega i prethodna bolest pluca
Rivaroksaban Retka / neodredena Studije sIl.cha i analize Povecan I"IZIk od krve‘lrenja; ILD se moze javiti istovremeno sa difuznim
farmakovigilance [4,8] alveolarnim krvarenjem
Dabigatran Retka Serija slucajeva [4,8] Uglavnom stariji muskarci; ogranicen broj slucajeva
Edoksaban Retka Seriaslucaievaag] Rana obustava terapije uz primenu kortikosteroida povezana sa
oporavkom
Table 3. Comparative incidence and characteristics of ILD among DOACs
DOAC Reported Incidence  Study/ Population Key Notes / Risk Factors
Apixaban ~0.45% Japanese single-center survey (1 =870) 9] EIQer.Iy males; 9nsetW|th|n 1 week in most; renal impairment and pre-
existing lung disease common
Rivaroxaban | Rare/not quantified Case reports and pharmacovigilance Higher bleeding risk; ILD may overlap with diffuse alveolar hemorrhage

analyses [4,8]

Dabigatran Rare (ase series [4,8]

Mostly elderly males; limited number of cases

Edoxaban Rare (ase series [4,8]

Early discontinuation + corticosteroid therapy associated with recovery
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re¢ o razlicitim DOAC lekovimaii isti¢e klju¢ne faktore u
vezi sa pacijentom i primenjenim lekom.

Vecina prijavljenih slucajeva odnosi se na starije
muskarce azijskog porekla, a istaknuti su brojni klinicki
faktori rizika, uklju¢ujuci ostec¢enje bubrega, prethod-
nu bolest pluca i istoriju pusenja. Faktori povezani sa
lekovima takode mogu doprineti povecanju rizika.
Apiksaban je povezan sa ve¢im potencijalom za me-
tabolicke interakcije, dok rivaroksaban nosi vedi rizik
od komplikacija krvarenja. Alveolarno krvarenje samo
po sebi moze da imitira ili izazove intersticijumsku bo-
lest pluca, zbog ¢ega klini¢ko razdvajanje ovih entiteta
predstavlja izazov. Odnos izmedu krvarenja i intersti-
cijumske bolesti pluca i dalje je nereSeno pitanje [4,8].

Trenutno intersticijumska bolest plu¢a nije nave-
dena kao neZeljena reakcija u Sadrzaju karakteristika
leka (SmPC) ni za jedan NOAC u EU. Nasuprot tome,
Japan je jos u februaru 2014. godine uveo ,vazne mere
predostroznosti” za rivaroksaban, posebno isti¢uci po-
tencijalne plu¢ne nezeljene reakcije. Ova regulatorna
mera verovatno je uticala na podizanje svesti i moze
delimi¢no objasniti vecu stopu prijavljivanja iz japan-
skih centara [4,6,9].

Klinicari treba da budu svesni da respiratorni simp-
tomi, poput dispneje, mogu ukazivati na rani razvoj ILD
kod pacijenata le¢enih NOAC lekovima. Cini se da je
ovaj rizik posebno izrazen kod starijih muskaraca azij-
skog porekla, kao i kod osoba sa o3te¢enjem bubrega
ili postoje¢com boles¢u pluc¢a. Hitna kompjuterizovana
tomografija visoke rezolucije neophodna je kod simp-
tomatskih pacijenata kako bi bilo moguce razlikovati
ILD od difuznog alveolarnog krvarenja. Kada postoji
ovakva sumnja, indikovana je hitna obustava primene
NOAC leka koji se trenutno koristi, nakon ¢ega se zapo-
¢inje leCenje velikim dozama kortikosteroida, uz me-
hanicku podrsku u teskim slu¢ajevima. Neophodno je
sprovesti edukaciju lekara koji prepisuju lekove kako bi
se podigla svest o tome da, iako retka, ILD predstavlja
klinicki znac¢ajnu komplikaciju terapije NOAC lekovima,
pored dobro poznatih rizika od krvarenja [1,4,6,8-10].

Bududi istrazivacki prioriteti uklju¢uju analizu far-
makovigilance velikih razmera u vise regiona radi utvr-
divanja stope ucestalosti, zatim prospektivne klinicke
studije u cilju razjasnjavanja osnovnih mehanizama,
kao i fokusirano istrazivanje relativnog doprinosa di-
fuznog alveolarnog krvarenja u odnosu na imunoloski
posredovane nezeljene reakcije u patogenezi ILD po-
vezane sa upotrebom NOAC lekova.

Slu¢aj BP povezan sa rivaroksabanom, detaljno
opisan u ovom izvestaju, prvobitno je identifikovan
kao temeljno dokumentovan ICSR u nasoj bazi podata-
ka farmakovigilance, sto naglasava prakti¢nu vrednost
kontinuiranog otkrivanja bezbednosnih signala. Nje-

highlighting potential pulmonary adverse events. This
regulatory action likely increased awareness and may
partly explain the higher rate of reporting from Japa-
nese centers [4,6,9].

Clinicians should be aware that respiratory symp-
toms such as dyspnea may signal an early develop-
ment of ILD in patients treated with NOACs. This risk
appears to be greatest in elderly Asian males, as well
as in individuals with renal impairment or pre-exist-
ing lung disease. Prompt high-resolution computed
tomography is warranted in symptomatic patients in
order to differentiate ILD from diffuse alveolar hemor-
rhage. Once suspected, immediate discontinuation of
the offending NOAC is indicated, followed by initiation
of high-dose corticosteroid therapy, with ventilatory
support in severe cases. Educating prescribers is es-
sential to raise awareness that, although uncommon,
ILD represents a clinically significant complication
of NOAC therapy, in addition to the well-established
bleeding risks [1,4,6,8-10].

Future research priorities include large-scale,
multi-regional pharmacovigilance analyses to estab-
lish incidence rates, prospective clinical studies to elu-
cidate underlying mechanisms, and focused investiga-
tions into the relative contributions of diffuse alveolar
hemorrhage versus immune-mediated toxicity in the
pathogenesis of NOAC-associated ILD.

The rivaroxaban-associated BP case detailed in this
report was initially identified as a robust ICSR within
our pharmacovigilance database, underscoring the
practical output of ongoing signal detection. Its subse-
quent publication [6] provided a valuable opportunity
for in-depth clinical analysis. While several other cases
of DOAC-associated BP have been reported in the lit-
erature [7,11], this specific case was selected not as a
literature review example, but because it represented
a high-quality, data-rich signal from our internal mon-
itoring system. The patient’s clinical course, confirmed
by biopsy and immunofluorescence, together with
a positive rechallenge and a high Naranjo score (+5),
provided strong evidence for a causal association. The
successful transition to apixaban without recurrence
further suggests that this adverse reaction may be
molecule-specific rather than a class effect, providing
a crucial insight for clinical management.

Accurate identification of rivaroxaban-associated
BP requires careful clinical evaluation combined with
immunofluorescence studies, which remain the defin-
itive diagnostic method [6,7,11]. In this case, both the
clinical presentation and immunopathological find-
ings corroborated the diagnosis.

Timely recognition, immediate withdrawal of
the suspected agent, and initiation of corticosteroid
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govo naknadno objavljivanje [6] pruzilo je dragocenu
priliku za detaljnu klini¢cku analizu. lako je u literaturi
objavljeno nekoliko drugih slu¢ajeva BP povezanih sa
DOAC lekovima [7,11], ovaj konkretan slucaj izabran je
ne kao primer za pregled literature, ve¢ zato $to pred-
stavlja visokokvalitetan, podacima bogat signal iz na-
Seg internog sistema pracenja. Klinicki tok pacijenta,
potvrden biopsijom i imunofluorescencijom, zajedno
sa pozitivnim ponovnim izlaganjem i visokim Naranjo
skorom (+5), pruzio je snazne dokaze o uzro¢noj po-
vezanosti. Uspesan prelazak na apiksaban bez recidiva
dodatno ukazuje na to da bi ova nezeljena reakcija mo-
gla biti specifi¢cna za agens, a ne za celu grupu lekova,
sto je klju¢ni podatak kada je re¢ o klinickom lecenju.

Precizna identifikacija BP povezanog sa upotre-
bom rivaroksabana zahteva pazljivu klinicku proce-
nu u kombinaciji sa imunofluorescentnim studijama,
koje i dalje predstavljaju zlatni standard dijagnostike
[6,7,11]. U ovom slucaju, i klini¢ka slika i imunopatolos-
ki rezultati potvrdili su dijagnozu.

Blagovremeno prepoznavanje, momentalna obu-
stava primene sumnjivog uzro¢nika i zapocinjanje
terapije kortikosteroidima neophodni su za kontrolu
progresije bolesti. Dok neki pacijenti pokazuju brzo
poboljsanje nakon prekida terapije, drugima moze
biti potrebna produzena primena kortikosteroida i
dodatni imunosupresori, kao $to je ovde prikazano
[7,11]. Naranjo skor je bio +5, $to ukazuje na verovatnu
uzro¢nu vezu izmedu rivaroksabana i BP [6,7]. Naranjo
algoritam, koji je u Sirokoj upotrebi u farmakovigilan-
ci, pruza objektivnu i ponovljivu metodu za procenu
uzro¢nosti, smanjujuci subjektivnu pristrasnost pri
oceni nezeljenih reakcija na minimum. Kontinuirana
antikoagulantna terapija predstavlja dodatni izazov.
Kod ovog pacijenta, apiksaban je uspesno primenjivan
bez ponovnog javljanja buloznih erupcija duze od go-
dinu dana, $to ukazuje na to da bi ovaj lek mogao biti
odgovarajuca alternativa za pacijente sa BP izazvanim
upotrebom rivaroksabana [6,7].

Ovaj slucaj istice potrebu za ranim prepoznava-
njem BP izazvanog rivaroksabanom, momentalnim
prekidom terapije i zapocinjanjem kortikosteroidne
terapije. Uspesna primena apiksabana kao alternative
podrzava hipotezu da je rec¢ o reakcija specificnoj za
agens, a ne za celu grupu lekova.

Svi ovi sluc¢ajevi pokazuju kako nadzor nakon stav-
ljanja leka u promet i farmakovigilanca prevazilaze
praznine u znanju koje ostaju iza randomizovanih is-
pitivanja, koja retko beleze ovako retke dogadaje [4,5].
Povecana svest kod lekara, brza dijagnosticka evaluaci-
ja i blagovremena intervencija i dalje su neophodni za
svodenje morbiditeta i mortaliteta povezanih sa ovim
reakcijama na minimum.

A CASE REPORT OF LITERATURE-BASED PHARMACOVIGILANCE SIGNAL DETECTION

therapy are essential for controlling disease progres-
sion. While some patients show rapid improvement
following drug cessation, others may need extended
corticosteroid therapy and additional immunosup-
pressants, as seen here [7,11]. The Naranjo score was
+5, indicating a probable causal relationship between
rivaroxaban and BP [6,7]. The Naranjo algorithm, wide-
ly used in pharmacovigilance, offers an objective and
reproducible method for assessing causality, minimiz-
ing subjective bias in adverse reaction evaluation.

Ongoing anticoagulation poses additional chal-
lenges. In this patient, apixaban was successfully ad-
ministered without recurrence of bullous eruptions for
more than one year, suggesting it may be a suitable al-
ternative for patients with rivaroxaban-induced BP [6,7].

This case emphasizes the need for early recognition
of rivaroxaban-induced BP, immediate discontinuation
of the drug, and corticosteroid initiation. The success-
ful use of apixaban as an alternative supports the hy-
pothesis of a molecule-specific, rather than class-wide,
reaction.

Together, these cases illustrate how post-market-
ing surveillance and pharmacovigilance bridge knowl-
edge gaps left by randomized trials, which rarely cap-
ture such infrequent events [4,5]. Increased clinician
awareness, prompt diagnostic evaluation, and timely
intervention remain essential to minimize morbidity
and mortality associated with these reactions.

This study is limited by the small number of cas-
es, retrospective data collection, and an absence of a
control group. Causality cannot be conclusively prov-
en, and under-reporting remains a potential bias. Ad-
ditionally, demographic overrepresentation (elder-
ly males) may restrict generalizability. Nonetheless,
these reports provide valuable real-world evidence
and highlight the need for larger, multicenter studies.
Our intention was to highlight the signal detection
process using high-quality internal cases, rather than
to provide a comprehensive review of all published
DOAC-associated cases. While we focused on a small
number of internally identified cases for detailed anal-
ysis, we acknowledge that additional cases exist in the
literature.

Table 4 presents summary of signal detection re-
ports and supporting external literature.

Although DOACs remain safer and more conve-
nient alternatives to vitamin K antagonists, emerging
evidence of rare non-hemorrhagic reactions such as
ILD and BP warrants ongoing vigilance. Early imaging,
immediate drug withdrawal, and corticosteroid thera-
py are critical for ILD management, while biopsy and
immunofluorescence confirmation followed by immu-
nosuppressive treatment are central to BP care. This
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Tabela 4. Rezime izvestaja o otkrivanju bezbednosnih signala i pomocne eksterne literature

Interni signal
farmakovigilance

Baza podataka PrimeVigilance
(Datum zakljucavanja podataka: 28.
februar 2025. godine)

Objedinjena serija od 11 izvestaja o
bezbednosti pojedinacnih slucajeva
(ICSR)

- 11 starijih muskaraca (65-91 godina) je obolelo od ILD

- U vezi sa upotrebom apiksabana, dabigatrana, edoksabana

- Latentni period: 3 dana do 4 godine

- Ishod: stanje 9 pacijenata se popravilo nakon obustavljanja terapije +
steroidi; 2 fatalna ishoda

Interni signal
farmakovigilance

Baza podataka PrimeVigilance
(Datum zakljucavanja podataka: 28.
februar 2025. godine)

Jedan dobro dokumentovan ICSR

- 86-godisnji muskarac je dobio bulozni pemfigoid

- U vezi sa upotrebom rivaroksabana (pozitivno ponovno izlaganje leku)

- Potvrdeno biopsijom i imunofluorescencijom

- Potpuni oporavak nakon prelaska na apiksaban

Pomocna eksterna Raschi et al. Drug Saf. 2020 [4] Analiza farmakovigilance - Omogucena eksterna validacija signala ILD kod viSe DOAC lekova.

literatura (ILD) - Razmatrani potencijalni mehanizmi i klinicki izazovi.

Pomocna eksterna Tomari et al. J Stroke Cerebrovasc Pojedinacna studija slucaja - Rana studija slucaja o ILD povezanom sa upotrebom apiksabana.

lteratura (ILD) Dis. 2016 [3] - Potvrdila je ozbiljnost i brz razvoj reakcije.

Pomocna eksterna Chan et al. JAMA Netw Open. 2022 | Opservaciona studija (Tajvan) - Studija velikog obima koja pruza epidemioloske dokaze za povecan rizik

literatura (ILD) [10] od ILD uz upotrebu DOAC lekova nasuprot upotrebi varfarina.

Pomocna eksterna Chohan et al. Clin Case Rep. 2020 [7] | Pojedinacna studija slucaja - Nezavistan slucaj BP usled upotrebe rivaroksabana kod starijeg pacijenta

literatura (BP) sa pridruzenim bolestima, koji potvrduje utemeljenost bezbednosnog
signala.

Pomocna eksterna Stavropoulos et al. J Eur Acad Pregledni ¢lanak - Obezbedio je kontekst za pemfigoid izazvan upotrebom lekova kao

literatura (BP) Dermatol Venereol. 2014 [11] poznat fenomen, ¢ime je potvrdena bioloska utemeljenost.

Regulatorni kontekst

Evropska agencija za lekove (EMA)
[5]

Regulatorni izvestaj o proceni

- Obezbedio je kontekst za requlatorni stav u EU, gde ILD trenutno nije
naveden u SadrZaju karakteristika leka za DOAC.

Table 4. Summary of signal detection reports and supporting external literature

Internal Pharmacovigi-
lance Signal

PrimeVigilance Safety Database
(Data Lock Point: 28 Feb 2025)

Collated series of 11 Individual Case
Safety Reports (ICSRs)

- 11 elderly male patients (65-91 yrs) developed ILD

- Associated with apixaban, dabigatran, edoxaban

- Latency: 3 days to 4 years

- Outcome: 9 improved after drug withdrawal = steroids; 2 fatal

Internal Pharmacovigi-
lance Signal

PrimeVigilance Safety Database
(Data Lock Point: 28 Feb 2025)

Single, well-documented ICSR

- 86-year-old male developed bullous pemphigoid

- Associated with rivaroxaban (positive rechallenge)

- Confirmed by biopsy and immunofluorescence

- Full recovery after drug switch to apixaban

Supporting External Liter-
ature (ILD)

Raschi et al. Drug Saf. 2020 [4]

Pharmacovigilance analysis

- Provided external validation of the ILD signal across multiple DOACs.

- Discussed potential mechanisms and clinical challenges.

Supporting External Liter-
ature (ILD)

Tomari et al. J Stroke Cerebro-
vasc Dis. 2016 [9]

Single case report

- Early case report of apixaban-associated ILD.

- Supported the seriousness and rapid onset of the reaction.

Supporting External Liter-
ature (ILD)

Chan et al. JAMA Netw Open.
2022[10]

Observational study (Taiwan)

- Large-scale study providing epidemiological evidence for increased ILD risk
with DOACs vs. warfarin.

Supporting External Liter-
ature (BP)

Chohan et al. Clin Case Rep.
2020 (7]

Single case report

- Independent case of rivaroxaban-associated BP in an elderly patient with
comorbidities, supporting the plausibility of the signal.

Supporting External Liter-
ature (BP)

Stavropoulos et al. J Eur Acad
Dermatol Venereol. 2014 [11]

Review article

- Provided context for drug-induced pemphigoid as a known phenomenon,
supporting biological plausibility.

Regulatory Context

European Medicines Agency
(EMA) [5]

Regulatory assessment report

- Provided context on the regulatory stance in the EU, where ILD is not cur-
rently listed in the SmPC for DOACs.
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INTERSTICIJUMSKA BOLEST PLUCA | BULOZNI PEMFIGOID POVEZANI SA PRIMENOM DIREKTNIH ORALNIH ANTIKOAGULANASA:

Hadzi-Nikoli¢ N.

PRIKAZ SLUCAJA DETEKCIJE SIGNALA ZASNOVANIH NA LITERATURI U FARMAKOVIGILANCI

INTERSTITIAL LUNG DISEASE AND BULLOUS PEMPHIGOID ASSOCIATED WITH DIRECT ORAL ANTICOAGULANT USE:

Ova studija je ograni¢ena malim brojem slucajeva,
retrospektivnim prikupljanjem podataka i odsustvom
kontrolne grupe. Uzro¢nost se ne moze konacno do-
kazati, a nepotpuno prijavljivanje predstavlja mogucu
pristrasnost. Pored toga, prekomerna demografska
zastupljenost (stariji muskarci) moZze ograniciti mogu¢-
nost generalizovanja rezultata. Ipak, ovi izvestaji pru-
zaju vredne dokaze iz stvarnog sveta i isti¢u potrebu za
vec¢im, multicentri¢nim studijama. Nasa namera bila je
da ilustrujemo proces otkrivanja bezbednosnih signa-
la koristeci visokokvalitetne interne slucajeve, a ne da
pruzimo sveobuhvatan pregled svih objavljenih sluca-
jeva povezanih sa DOAC lekovima. lako smo se usred-
sredili na mali broj internih slucajeva radi detaljne ana-
lize, priznajemo da u literaturi postoje i drugi slucajevi.

Tabela 4 predstavlja rezime izvesStaja o otkrivanju
bezbednosnih signala i pomo¢éne eksterne literature.

lako su DOAC lekovi i dalje bezbednije i prakti¢nije
alternative antagonistima vitamina K, noviji dokazi o
retkim nehromoragi¢nim nezeljenim reakcijama, kao
$to su ILD i bulozni pemfigoid, ukazuju na potrebu za
stalnom budnos$¢u. Rano snimanje, momentalna obu-
stava leka i primena kortikosteroidne terapije klju¢ni
su za le¢enje ILD, dok su biopsija i imunofluorescentna
potvrda, uz odgovaraju¢u imunosupresivnu terapiju,
od presudnog znacaja za le¢enje buloznog pemfigoi-
da. Ovaj izvestaj o proceni bezbednosnog signala far-
makovigilance popunjava praznine u znanju koje su
ostale iza klini¢kih ispitivanja, dok uoceni signali isti¢u
vrednost farmakovigilance u otkrivanju retkih nezelje-
nih reakcija i naglasavaju potrebu za daljim istrazivanji-
ma sa ciljem razjasnjenja mehanizama, faktora rizika i
strategija za poboljsanje bezbednosti pacijenata.

Sukob interesa: Nije prijavljen.
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SAZETAK

Uvod: Hifema u neonatalnoj dobi predstavlja retko stanje koje zahteva hitnu
oftalmolosku procenu. Za razliku od traumatske hifeme, koja je ¢e3¢a kod starije
dece i odraslih, hifema u neonatalnoj dobi obi¢no nastaje usled netraumatskih
uzroka, ukljuuju¢i porodajnu traumu, hematoloske poremecaje, kongenitalne
infekcije ili vaskularne anomalije. Bilateralna hifema je narocito retka i zahteva
detaljan sistemski i oftalmoloski pregled radi iskljucivanja ozbiljnih oboljenja.

Prikaz slucaja: Novorodence Zenskog pola rodeno je u terminu, spontanim va-
ginalnim porodajem, sa normalnim Apgar skorom i bez evidentnih perinatalnih
komplikacija. Nedugo nakon rodenja, primecena je krv u prednjim o¢nim komo-
rama oba oka, izrazenije na desnom oku. Oftalmoloskim pregledom potvrdena
je bilateralna hifema uz ocuvanu providnost roznjace. Sprovedena je sistemska
obrada, ukljucujuci kompletnu krvnu sliku, koagulacione testove i TORCH sero-
logiju, ¢ime su iskljuene koagulopatije i kongenitalne infekcije. Lecenje je spro-
vedeno konzervativno, uz lokalnu kapljiénu primenu atropina i kortikosteroida.
Tokom hospitalizacije, hifema se postepeno resorbovala bez znakova povecanog
o¢nog pritiska ili formiranja sinehija. Novorodence je otpusteno uz zakazane of-
talmoloske kontrole radi pracenja mogucih kasnijih komplikacija.

Zakljucak: Ovaj sluaj naglasava znacaj rane dijagnostike i multidisciplinarnog
pristupa u lecenju hifeme u neonatalnoj dobi, narocito kada je prisutna bilateral-
no. lako je porodajna trauma najcesci uzrok, neophodna je detaljna dijagnostika
kako bi se iskljucili hematoloski i infektivni faktori. S obzirom na retkost bilateral-
ne hifeme u neonatalnoj dobi, potrebni su dalji prikazi slucajeva i studije kako bi
se bolje razumela njena etiologija, terapijski pristupi i dugoro¢ni ishodi.

Kljucne reci: hifema u neonatalnoj dobi, intraokularno krvarenje, porodajna
trauma, kongenitalne infekcije, neonatalni hematoloski poremecaji
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ABSTRACT

Introduction: Neonatal hyphema, defined as intraocular bleeding into the an-
terior chamber, is a rare condition that requires inmediate ophthalmologic eval-
uation. Unlike traumatic hyphema commonly seen in older children and adults,
neonatal hyphema is typically associated with non-traumatic etiologies such as
birth-related mechanical stress, hematologic disorders, congenital infections, or
vascular anomalies. Bilateral involvement is particularly uncommon and necessi-
tates a comprehensive systemic and ophthalmologic workup to rule out serious
underlying pathology.

Case report: A female neonate was delivered at term via spontaneous vaginal
delivery with normal Apgar scores and without perinatal complications. Short-
ly after birth, blood was observed in the anterior chambers of both eyes, more
prominently in the right eye. Ophthalmologic examination confirmed bilateral
hyphema with preserved corneal clarity. Systemic evaluation including complete
blood count, coagulation studies, and TORCH serology ruled out coagulopathies
and congenital infections. The patient was treated conservatively with topical
atropine and corticosteroids. During hospitalization, the hyphema gradually re-
solved without evidence of elevated intraocular pressure or synechiae formation.
The newborn was discharged with scheduled ophthalmologic follow-up to mon-
itor for potential late complications.

Conclusion: This case underscores the importance of early recognition and mul-
tidisciplinary management of neonatal hyphema, particularly when both eyes
are affected. Although birth trauma remains a common cause, thorough diag-
nostic evaluation is essential to exclude hematologic and infectious etiologies.
Given the rarity of bilateral neonatal hyphema, additional case reports and stud-
ies are needed to enhance understanding of its etiology, optimal management,
and long-term outcomes.

Keywords: neonatal hyphema, intraocular hemorrhage, birth trauma,
congenital infections, neonatal hematologic disorders
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uvoD

Hifema u neonatalnoj dobi je redak oc¢ni nalaz. Karak-
teriSe ga postojanje krvi u prednjoj o¢noj komori. Za
razliku od cesce prisutne traumatske hifeme kod starije
dece i odraslih, hifema u neonatalnoj dobi obi¢no na-
staje usled netraumatskih uzroka kao sto su porodajna
trauma, poremedaji koagulacije ili vaskularne anomali-
je [1]. Prisustvo bilateralne hifeme kod novorodencadi
je narocito neuobicajeno i zahteva detaljnu evaluaciju
kako bi se utvrdilaili iskljucila sistemska, odnosno o¢na
oboljenja [2].

Porodajna trauma je vodedi uzrok hifeme u neo-
natalnoj dobi, koja ¢esto nastaje usled prolongiranog
porodaja, upotrebe forcepsa ili vakuuma, ili prekomer-
nog pritiska na glavu i o¢i novorodenceta tokom vagi-
nalnog porodaja [3]. Medutim, spontana hifema, bez
jasne traumatske anamneze, izaziva sumnju na sistem-
ska stanja kao $to su nedostatak vitamina K, nedosta-
tak faktora koagulacije ili kongenitalne infekcije [4]. Po-
sebno je nedostatak vitamina K dobro dokumentovan
uzrok neonatalnog krvarenja, koje se moze manifesto-
vati kao hifema, narocito u slucajevima kada je profi-
lakticka primena vitamina K izostala ili bila neefikasna
[5]. Rede, urodene o¢ne anomalije, poput juvenilnog
ksantogranuloma, perzistentne fetalne vaskulature
(PFV) u predelu duzice ili retinoblastoma, mogu da do-
vedu do razvoja hifeme, Sto zahteva dalju oftalmolos-
ku i sistemsku evaluaciju [6].

lako se blazi oblik hifeme u neonatalnoj dobi moze
resorbovati bez dugorocnih posledica, komplikacije
kao Sto su hematokornea i sekundarni glaukom mogu
nastati kada se stanje ne prepozna i ne leci pravovre-
meno [7]. Povisen intraokularni pritisak (IOP) usled
zacepljenja trabekularne mreze krvnim ugruskom
predstavlja znacajan problem i u tezim slu¢ajevima se
reSava primenom lekova za sniZzavanje intraokularnog
pritiska ili hirurskom intervencijom [8]. Hematokornea
i formiranje sinehija dovode do trajnog ostecenja vida,
ukoliko se pravovremeno ne lece [9]. Ovaj prikaz slu-
¢aja opisuje novorodence sa bilateralnom hifemom, i
stavlja akcenat na dijagnosticki pristup, terapijske as-
pekte i klinicke implikacije za razvoj vida. Pisana infor-
misana saglasnost roditelja novorodenceta dobijena je
za objavljivanje ovog prikaza slucaja i pratecih slika.

PRIKAZ SLUCAJA

Prikazujemo novorodence Zzenskog pola rodeno u ter-
minu spontanim vaginalnim porodajem nakon uredne
trudnoce. Majka, stara 27 godina, bila je zdrava, bez
istorije sistemskih bolesti, poremecaja koagulacije ili
upotrebe lekova tokom trudnoce. Porodaj je protekao
bez komplikacija, a Apgar skor deteta iznosio je 9/9. Pri
rodenju, novorodence je imalo normalne vitalne pa-

INTRODUCTION

Neonatal hyphema is a rare ocular finding. It is charac-
terized by the presence of blood in the anterior cham-
ber. In contrast to the more commonly encountered
traumatic hyphema in older children and adults, neo-
natal hyphema is typically associated with non-trau-
matic etiologies such as birth-related trauma, coagula-
tion disorders, or vascular anomalies [1]. The presence
of bilateral hyphema in a neonate is particularly unusu-
al and necessitates a thorough evaluation to identify or
exclude underlying systemic or ocular disease [2].

Birth trauma is the leading cause of neonatal hy-
phema, often resulting from prolonged labor, forceps-
or vacuum-assisted delivery, or excessive pressure on
the infant’s head and eyes during vaginal birth [3].
However, spontaneous hyphema without a clear trau-
matic history raises concern for systemic conditions
such as vitamin K deficiency, clotting factor deficien-
cies, or congenital infections [4]. Vitamin K deficiency,
in particular, is a well-documented cause of neonatal
bleeding and may present as hyphema, especially
when prophylactic vitamin K administration is omitted
or ineffective [5]. More rarely, congenital ocular abnor-
malities such as juvenile xanthogranuloma, persistent
fetal vasculature (PFV) involving the iris, or retinoblas-
toma can also result in hyphema, requiring further
ophthalmologic and systemic evaluation [6].

Although mild neonatal hyphema may resolve
spontaneously without long-term consequences,
complications such as corneal blood staining and
secondary glaucoma can occur if the condition is not
promptly recognized and appropriately managed [7].
Increased intraocular pressure due to clot obstruction
of the trabecular meshwork represents a significant
concern and may require treatment with pressure-low-
ering medications or, in severe cases, surgical interven-
tion [8]. Corneal blood staining and the formation of
synechiae can lead to permanent visual impairment if
not treated in a timely manner [9].

This case report describes a newborn with bilater-
al hyphema at birth, emphasizing the diagnostic ap-
proach, therapeutic considerations, and clinical impli-
cations for visual development. Written informed con-
sent for publication of this case report and accompa-
nying images was obtained from the infant’s parents.

CASE REPORT

A female neonate was delivered at term via sponta-
neous vaginal delivery after an uneventful pregnancy.
The 27-year-old mother was healthy, with no history
of systemic disease, bleeding disorders, or medication
use during pregnancy. The delivery was uncomplica-
ted, and the infant’s Apgar scores were 9/9. At birth, the
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rametre, tezilo je 3.360 g i procenjeno je kao klinicki
stabilno. Medutim, ubrzo nakon rodenja primeceno je
prisustvo krvi u prednjim o¢nim komorama oba oka,
sa izrazenijim krvarenjem u desnom oku (Slika 1). Nisu
uoceni spoljasnji znaci traume, periorbitalni edem niti
subkonjunktivalna hemoragija. Crveni refleks je bio
odsutan, narocito desno, gde je obilno krvarenje one-
mogucavalo vizualizaciju dubljih struktura.
Novorodence je primljeno na Kliniku za o¢ne bole-
sti Univerzitetskog Klinickog centra Srbije, a radi dalje
evaluacije i lecenja. Oftalmoloskim pregledom poka-
zano je postojanje bilateralne hifeme, ali bez znakova
zamucdenja roznjace. Reakcija leve zenica bila su uspo-
rene zbog hifeme, ali nije bilo aferentnog pupilarnog
defekta. Reakcija desne zenice je procenjena indirektno
u odnosu na levo oko. Prisustvo krvi ogranicilo je pre-
gled o¢nog dna, medutim, na levom oku nisu uocene
vidljive patoloske promene zadnjeg segmenta, dok du-
blje strukture desnog oka nisu bile vidljive. Ultrazvu¢ni
pregled potvrdio je odsustvo intraokularnog tumora.
Sprovedena je sveobuhvatna sistemska obrada
radi isklju¢ivanja hematoloskih i infektivnih uzroka.
Rezultati kompletne krvne slike, koagulacionog profila
i biohemijskih analiza bili su u granicama referentnih
vrednosti, ¢ime su iskljuceni poremecaji koagulacije,

newborn demonstrated normal vital signs, weighed
3360 g, and was assessed as clinically stable. Howe-
ver, shortly after birth, blood was noted in the anterior
chambers of both eyes, with more pronounced hemorr-
hage in the right eye (Figure 1). There were no external
signs of trauma, periorbital edema, or subconjunctival
hemorrhage. The red reflex was absent, particularly in
the right eye, where the extensive hemorrhage preven-
ted visualization of deeper ocular structures.

The newborn was admitted to the University Eye
Hospital for further evaluation and management. Oph-
thalmologic examination confirmed bilateral hyphema
without corneal clouding. Pupillary reactions in the left
eye were sluggish due to the hyphema but showed no
afferent pupillary defect. The pupillary reaction in the
right eye was assessed indirectly in comparison with the
left eye. Visualization of the fundus was limited by the
presence of blood; no posterior segment abnormalities
were seen in the left eye, while the deeper structures
of the right eye remained obscured. Ultrasonography
confirmed the absence of intraocular tumors.

A comprehensive systemic workup was performed
to exclude hematologic and infectious causes. Com-
plete blood count, coagulation profile, and biochem-
ical analyses were within normal limits, ruling out

Slika 1. Gornja fotografija: Novorodence sa hifemom bez vidljive spoljasnje tra-
ume. Donja fotografija (nakon sedam dana): Vidljivo poboljsanje, uz znacajnu
resorpciju hifeme. Prednja ocna komora izgleda bistrije, sa samo minimalnim
zaostalim tragovima krvi

Figure 1. Top image: A neonatal eye presenting with spontaneous hyphema,
characterized by the presence of blood in the anterior chamber without any
apparent external trauma. Bottomimage (7 days later): Noticeable improvement,
with significant resorption of the hyphema. The anterior chamber appears
clearer, with only minimal residual blood
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kao $to su nedostatak vitamina K ili poremecaji faktora
zgrusavanja. TORCH serologija bila je negativna, ¢ime
su kongenitalne infekcije iskljucene kao moguca eti-
ologija. Uraden je ultrazvucni pregled abdomena radi
provere na hepatosplenomegaliju, koja nije ustanov-
liena, $to je dodatno umanijilo verovatnocu sistemskog
infektivnog ili metabolickog poremecaja. Ukupni nalazi
ukazivali su na to da je hifema verovatno nastala tokom
porodaja, a ne kao posledica sistemskog oboljenja.
Novorodence je leCeno lokalnom primenom atro-
pina u koncentraciji od 0,25% (dva puta dnevno), u de-
sno oko radi prevencije formiranja zadnjih sinehija, kao
i lokalnom primenom prednizolon acetata u koncen-
traciji od 0,5% (Cetiri puta dnevno), u oba oka radi kon-
trole inflamacije i smanjenja rizika od komplikacija. No-
vorodence je pazljivo praceno na znakove povisenog
intraokularnog pritiska ili pogor3anja krvarenja. Tokom
narednih dana, hifema se postepeno resorbovala, uz
delimi¢no poboljsanje vizualizacije crvenog refleksa.
Nakon sedmodnevnog bolni¢kog leCenja, stanje no-
vorodenceta je ostalo stabilno, bez novih nalaza koji bi
ukazivali na dodatnu oc¢nu patologiju. Hifema je pocela
spontano da se povladi, a intraokularni pritisak ostao
je u granicama normalnih vrednosti Sto je provereno u
uslovima opSte anestezije ru¢nim aplanacionim tono-
metrom (IOP desno 14 mmHg, levo 15 mmHg). Novo-
rodence je otpusteno uz preporuku za nastavak lokalne
kortikosteroidne terapije (4 puta dnevno u oba oka sle-
dece dve nedelje), upotreba cikloplegika je isklju¢ena
posle 14 dana od pocetka primene. Zakazani su kontrol-
ni oftalmoloski pregledi radi pracenja mogucih kompli-
kacija, kao $to su sekundarni glaukom ili hematokornea.

DISKUSLJA

Hifema u neonatalnoj dobi je neuobicajen, ali klinicki
znacajan nalaz koji zahteva hitnu oftalmolosku pro-
cenu radi utvrdivanja osnovne etiologije i prevencije
mogucih komplikacija. Dok je hifema kod starije dece
i odraslih najce$¢e povezana sa povredom oka tupim
predmetom, uzroci kod novorodencadi su raznovrsni-
ji i ¢esto netraumatske prirode. Naj¢esc¢i uzroci su po-
rodajna trauma, hematoloski poremedaji, intrauterine
infekcije, metabolicke abnormalnosti i kongenitalne
vaskularne anomalije [1]. Bilateralna hifema u neona-
talnoj dobi, koja je opisana u nasem slucaju, narocito je
retka i zahteva detaljnu sistemsku i oftalmolosku evalu-
aciju kako bi se iskljucila ozbiljnija sistemska oboljenja.

Porodajna trauma se smatra vodecim uzrokom
neonatalne hifeme, narocito u slu¢ajevima vaginalnih
porodaja sa prekomernim pritiskom na glavu i oci no-
vorodenceta tokom porodaja. Asistirani porodaji, po-
put onih uz vakuum-ekstrakciju ili upotrebu forcepsa,
mogu dovesti do povisenog intraorbitalnog pritiska

coagulation disorders such as vitamin K deficiency
or clotting factor abnormalities. TORCH serology was
negative, excluding congenital infections as the under-
lying etiology. Abdominal ultrasonography revealed
no hepatosplenomegaly, further reducing the likeli-
hood of a systemic infectious or metabolic disorder.
Overall, the findings suggested that the hyphema was
most likely induced during birth rather than caused by
an underlying systemic disease.

The patient was treated conservatively with topical
atropine 0.25% twice daily in the right eye to prevent
posterior synechiae formation and topical predniso-
lone acetate 0.5% four times daily in both eyes to con-
trol inflammation and reduce the risk of complications.
The infant was closely monitored for signs of elevated
intraocular pressure or progression of hemorrhage.
Over the following days, the hyphema gradually began
to resolve, with partial improvement in the red reflex.

After seven days of hospitalization, the infant re-
mained clinically stable, with no new findings sug-
gestive of additional ocular pathology. The hyphema
continued to resolve spontaneously, and intraocular
pressure remained within normal limits, measured un-
der general anesthesia using a handheld applanation
tonometer (14 mmHg in the right eye and 15 mmHg in
the left eye). The patient was discharged with instruc-
tions to continue topical corticosteroid therapy (four
times daily in both eyes for two additional weeks),
while cycloplegic treatment was discontinued after 14
days. Follow-up ophthalmologic examinations were
scheduled to monitor for potential complications such
as secondary glaucoma or corneal blood staining.

DISCUSSION

Neonatal hyphema is an uncommon but clinically im-
portant finding that requires urgent ophthalmologic
evaluation to identify the underlying etiology and pre-
vent potential complications. While hyphema in older
children and adults is most commonly associated with
blunt ocular trauma, the causes in neonates are more
diverse and often nontraumatic. The most frequent eti-
ologies include birth trauma, hematologic disorders, in-
trauterine infections, metabolic abnormalities and con-
genital vascular anomalies [1]. Bilateral hyphema in the
neonatal period, as described in this case, is particularly
rare and requires a detailed systemic and ophthalmo-
logic assessment to exclude serious systemic disease.
Birth trauma is considered the leading cause of
neonatal hyphema, especially in vaginal deliveries
where excessive pressure may be exerted on the in-
fant’s head and eyes during labor. Assisted deliveries,
including vacuum extraction or forceps, can lead to
elevated intraorbital pressure [2]. However, our case in-
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[2]. Medutim, u nasem slu¢aju radilo se o spontanom
vaginalnom porodaju, Sto ukazuje da u retkim situaci-
jama kao $to je ova i prilikom spontanog vaginalnog
porodaja moze da dode do razvoja hifeme.

Jos$ jedan vazan aspekt u razmatranju neonatalne
hifeme odnosi se na hematoloske poremecaje, uklju-
Cujuci krvarenje usled nedostatka vitamina K (engl. vi-
tamin K deficiency bleeding - VKDB), trombocitopeniju ili
urodene poremecaje faktora koagulacije, kao sto su he-
mofilija A'ili B [3]. VKDB je dobro dokumentovan uzrok
spontanih krvarenja kod novorodencadi zbog nedo-
voljnih nivoa vitamina K pri rodenju, a moze se manife-
stovati mukoznim ili intrakranijalnim krvarenjem, kao
i intraokularnim hemoragijama [4]. Medutim, u ovom
slu¢aju, novorodence je na rodenju primilo profilaktic-
ki vitamin K, a koagulacioni testovi pokazali su norma-
lan broj trombocita, normalno protrombinsko vreme
i aktivirano parcijalno tromboplastinsko vreme, Cinedi
poremecaj koagulacije malo verovatnim.

Kongenitalne infekcije, narocito one iz TORCH gru-
pe (toksoplazmoza, rubeola, citomegalovirus i herpes
simpleks), takode mogu dovesti do intraokularnog
krvarenja usled pridruzenog horioretinitisa, abnormal-
nosti retinalnih krvnih sudova ili urodenog glaukoma
[5]. Medutim, kod naseg pacijenta TORCH serologija je
bila negativna, nisu postojali znaci sistemske infekcije
niti o¢ni nalazi koji bi ukazivali na urodeni retinitis ili in-
flamaciju, ¢ime je infektivni uzrok prakti¢no iskljucen.

Drugi moguci uzroci neonatalne hifeme ukljucuju
urodene ocne anomalije, poput PFV u predelu duZice,
retinoblastomaiili urodenog glaukoma. PFV predstavlja
razvojnu anomaliju nastalu neuspesnim povlacenjem
fetalnog hijaloidnog vaskularnog sistema, $to kod no-
vorodencadi moze da dovede do intraokularnog krva-
renja [7]. Retinoblastom, iako redak kod novoroden-
Cadi, treba uzeti u obzir u slu¢ajevima neobjasnjenog
intraokularnog krvarenja, narocito ako je udruzen sa
leukokorijom [8]. Ipak, u naSem prikazu roznjaca je bila
providna, a ultrazvu¢nim pregledom nije potvrdeno
postojanje intraokularnog tumora koji bi mogao dove-
sti do razvoja hifeme.

Glavne komplikacije hifeme u neonatalnoj dobi
uklju€uju povisen intraokularni pritisak, hematokorneu,
sekundarni glaukom $to dugoro¢no moze dovesti do
ostecenja vida. Poviden intraokularni pritisak moze da
nastane usled zacepljenja trabekularne mreze krvnim ée-
ljama ili inflamatornim detritusom, $to moZze da dovede
do sekundarnog glaukoma [9]. Hematokornea, koja na-
staje usled produzenog kontakta hemolizovanih eritroci-
ta sa endotelom roznjace, predstavlja znacajni problem u
slucajevima produzene ili ponovljene hifeme [10].

S obzirom na moguc¢nost komplikacija koje ugroza-
vaju vid, le¢enje hifeme u neonatalnoj dobi prvenstve-

volved a spontaneous vaginal delivery, indicating that
hyphema may occur even in uncomplicated births.

Anotherimportant aspect in the evaluation of neona-
tal hyphema includes hematologic disorders such as vi-
tamin K deficiency bleeding (VKDB), thrombocytopenia
and congenital coagulation factor deficiencies including
hemophilia A and B [3]. VKDB is a well documented cause
of spontaneous bleeding in neonates due to low vitamin
Klevels at birth, and it may manifest as mucosal, intracra-
nial or intraocular hemorrhage [4]. In this case the new-
born received prophylactic vitamin K at birth, and coagu-
lation studies including platelet count, prothrombin time
and activated partial thromboplastin time were normal,
making a coagulation disorder unlikely.

Congenital infections, particularly those within the
TORCH group (toxoplasmosis, rubella, cytomegalo-
virus and herpes simplex), can also cause intraocular
hemorrhage due to associated chorioretinitis, retinal
vascular abnormalities or congenital glaucoma [5].
However, in our patient, TORCH serology was negative,
and no systemic or ocular signs suggested congenital
retinitis or inflammation, effectively excluding an in-
fectious etiology.

Other possible causes of neonatal hyphema in-
clude congenital ocular anomalies such as persistent
fetal vasculature involving the iris, retinoblastoma
and congenital glaucoma. Persistent fetal vasculature
is a developmental anomaly resulting from failure
of the fetal hyaloid vascular system to regress, which
may lead to intraocular hemorrhage in newborns [7].
Retinoblastoma, although rare in neonates, must be
considered in cases of unexplained intraocular hemor-
rhage, especially when leukocoria is present [8]. In our
patient the cornea was clear and ultrasonography did
not reveal any intraocular tumor that could explain the
hyphema.

The main complications of neonatal hyphema in-
clude elevated intraocular pressure, corneal blood
staining and secondary glaucoma, all of which may
result in long term visual impairment. Elevated intra-
ocular pressure may develop due to blockage of the
trabecular meshwork by red blood cells or inflammato-
ry debris, leading to secondary glaucoma [9]. Corneal
blood staining may occur when hemolyzed erythro-
cytes remain in prolonged contact with the corneal
endothelium and is a significant risk in cases of pro-
longed or recurrent hyphema [10].

Given therisk of these complications, management
of neonatal hyphema is based on careful monitoring
and supportive therapy. Conservative treatment with
cycloplegics such as atropine is used to prevent pos-
terior synechiae, while topical corticosteroids such as
prednisolone acetate help reduce intraocular inflam-
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no se zasniva na pazljivom pracenju i suportivnoj tera-
piji. Konzervativno leCenje cikloplegicima (npr. atropin)
uobicajeno se koristi radi prevencije formiranja zadnjih
sinehija, dok kortikosteroidi (npr. prednizolon acetat)
pomazu u smanjenju intraokularne inflamacije [11].
U ovom slucaju, novorodence je leCeno atropinom u
koncentraciji od 0,25% i prednizolonom u koncentraci-
jiod 0,5%, sto je dovelo do postepene resorpcije hife-
me bez razvoja komplikacija.

lako je spontano povlagenje uobicajeno kod blagih
hifema u neonatalnoj dobi, redovno oftalmolosko pra-
¢enje je od klju¢nog znacaja [12]. Pracenje intraokular-
nog pritiska takode je neophodno zato $to kod nekih
novorodencadi moze da dode do razvoja odlozenog
sekundarnog glaukoma, ¢ak i nakon povlacenja hifeme.

ZAKLJUCAK

Ovaj slucaj isti¢e znacaj sveobuhvatnog dijagnostic-
kog pristupa hifemi u neonatalnoj dobi, narocito kada
je prisutna bilateralno. lako porodajna trauma ostaje
najverovatniji uzrok u slu¢ajevima vaginalnih poroda-
ja, bilateralna zahvacenost zahteva detaljnu sistemsku
obradu radi isklju¢ivanja hematoloskih, infektivnih i
urodenih ocnih patologija. Konzervativno lecenje ci-
kloplegicima i kortikosteroidima cesto je dovoljno, ali
je neophodno paZljivo pra¢enje zbog mogucih kom-
plikacija, kao Sto su povisen intraokularni pritisak i he-
matokornea. S obzirom na retkost bilateralne hifeme u
neonatalnoj dobi, potrebni su dodatni prikazi slucaje-
va i studije kako bi se bolje razumela njena etiologija,
klinicki tok i optimalne strategije leCenja.
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SAZETAK

Uvod: Policitemija vera (PV) je hroni¢na mijeloproliferativna neoplazma koju
karakteriSe klonalna proliferacija eritrocitne a neretko i mijeloide i megakario-
citne loze, najcesc¢e povezana sa pojavom mutacije u JAK2 genu. Multipli mijelom
(MM), s druge strane, je maligna neoplazma koju karakterie klonalna prolifera-
cija plazma Celija u kostanoj srZi i sekrecija monoklonskog imunoglobulina. Koe-
gzistencija policitemije vere i multiplog mijeloma kod istog pacijenta je izuzetno
retka, jer ovi poremecaji poticu od razlicitih hematopoetskih celijskih linija.
Prikaz slucaja: Predstavljamo slucaj pacijenta sa dugogodisnjom PV koji je to-
kom svog klinitkog toka razvio i sekundarni hematoloski malignitet MM, uka-
zujudi na izazove tokom dijagnostike i lecenja udruzena dva hematoloska mali-
gniteta.

Zakljucak: Prognoza pacijenata sa udruzenim hematoloskim malignitetima za-
visi od tipa i agresivnosti oboljenja, stadijuma u trenutku otkrivanja i optimalnog
terapijskog pristupa. Prikazani slucaj podseca da se klinicki znaci i simptomi kod
pacijenta sa ve¢ postojecom dijagnozom ne smeju tumaciti iskljucivo u okviru
osnovne bolesti. Diferencijalna dijagnoza mora ostati Siroka, uz pojedinacno ispi-
tivanje svakog novog simptoma, ¢ime se omogucava rano prepoznavanje dodat-
ne patologije i pravovremeno lecenje.

Kljucne reci: multipli mijelom, policitemija vera, mijeloproliferativne neoplazme
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ABSTRACT

Introduction: Polycythemia vera (PV) is a chronic myeloproliferative neoplasm
characterized by the clonal proliferation of erythroid, myeloid, and megakaryo-
cytic lineages, most commonly associated with the JAK2 V617F mutation. Mul-
tiple myeloma (MM), on the other hand, is a malignant plasma cell neoplasm
characterized by clonal proliferation of plasma cells in the bone marrow and the
secretion of monoclonal immunoglobulin. The coexistence of PV and MM in the
same patient is extremely rare, as these disorders originate from distinct hema-
topoietic lineages.

Case report: We report the case of a patient with long-standing PV who subse-
quently developed MM, highlighting the diagnostic and therapeutic challenges
of this unusual association.

Conclusion: The prognosis of patients with concomitant hematologic malignan-
cies depends on the type and aggressiveness of the diseases, the clinical stage
at the time of detection, and the adequacy of the therapeutic approach. This
case highlights the importance of avoiding automatic attribution of new clini-
cal symptoms to a pre-existing diagnosis. A broad differential diagnosis should
always be maintained, with each new symptom evaluated individually, allowing
for early recognition of additional hematologic pathology and timely initiation of
appropriate treatment.
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uvoD

Policitemija vera (PV) je mijeloproliferativha neoplaz-
ma koju karakterise klonalna eritrocitoza, dok druge
karakteristike ukljucuju leukocitozu, trombocitozu,
splenomegaliju, pruritus, konstitucionalne simpto-
me, poremecaje mikrocirkulacije i povecéan rizik od
tromboze i progresije u mijelofibrozu (MF nakon PV)
ili akutnu mijeloidnu leukemiju (AML) [1]. Vise od 95%
pacijenata ima mutaciju JAK2 gena, $to pomaze u ra-
zlikovanju PV od sekundarnih uzroka eritrocitoze [2].
Mutacija JAK2 kinaze dovodi do poremecaja signali-
zacije koji rezultiraju nekontrolisanom proliferacijom
eritroidnih progenitora. Zamena valina fenilalaninom
na poziciji 617 JAK2 gena, ili JAK2V617F, uzrokuje kon-
stitutivnu aktivaciju citokinskih receptora, nezavisno
od prisustva eritropoetina [3]. Pored JAK2 mutacije,
kod manjeg broja pacijenata mogu se javiti mutacije
u TET2, DNMT3A i ASXL1 genima, koji doprinose he-
terogenosti klinicke slike i riziku progresije bolesti [4].
Klinicki tok PV je hroni¢an i sporo progresivan, a glavne
komplikacije uklju¢uju tromboembolijske dogadaje,
transformaciju u post-policitemijsku mijelofobrozu i
akutnu mijeloidnu leukemiju. Postignut je znacajan
napredak u razvoju novih terapijskih pristupa za pa-
cijente sa policitemijom verom (PV) [5,3]. Standardni
terapijski pristup obuhvata terapijsku venepunkciju i
citoreduktivnu terapiju (hidroksiurea) [5].

Multipli mijelom (MM), s druge strane, je maligni
poremecaj plazma ¢elija koji karakterise klonska pro-
liferacija plazma celija unutar kostane srzi, sto dovodi
do prekomerne proizvodnje monoklonskih imuno-
globulina (M- proteina), osteolitickih lezija, anemije,
bubrezne slabosti i imunodeficijencije [6]. Multipli
mijelom ¢ini priblizno 10% hematoloskih maligniteta
i predstavlja drugi po ucestalosti hematoloski maligni-
tet posle limfoma [7]. Bolest najces¢e pogada osobe
starije od 60 godina i ima znacajan uticaj na morbiditet
i mortalitet. U patogenezi MM-a klju¢nu ulogu imaju
genetske abnormalnosti, mikrookruzenje kostane srzi
i disregulacija signalnih puteva koji stimuliSu prezivlja-
vanje i proliferaciju plazma ¢elija [8,9].

Policitemija vera i multipli mijelom predstavljaju
hroni¢ne hematoloske maligne bolesti koje poticu iz
razli¢itih hematopoteskih loza — mijeloidne i limfoid-
ne, Sto ¢ini njihovu koegzistenciju kod jednog pacijen-
ta neuobicajenom i zanimljivom klinickom pojavom.
Uprkos razli¢citom poreklu, obe bolesti mogu deliti
zajednicke faktore rizika, uklju¢ujuci izlozenost jonizu-
ju¢em zracenju, hroni¢nu stimulaciju hematopoetskih
celija i akumulaciju somatskih mutacija tokom starenja
[1,6,10]. Istovremena ili uzastopna pojava PV i MM je
retka, sa samo ogranic¢enim brojem slucajeva prijavlje-
nih u literaturi. Precizni mehanizmi koji leze u osnovi

COEXISTENCE OF POLYCYTHEMIA VERA AND MULTIPLE MYELOMA. A CASE REPORT

INTRODUCTION

Polycythemia vera (PV) is a myeloproliferative neo-
plasm distinguished by clonal erythrocytosis. Other
features include leukocytosis, thrombocytosis, sple-
nomegaly, pruritus, constitutional symptoms, mi-
crocirculatory disturbances, and an increased risk of
thrombosis and progression to myelofibrosis (post-PV
MF) or acute myeloid leukemia (AML) [1]. Over 95% of
patients possess a JAK2 gene mutation, which helps
differentiate PV from secondary erythrocytosis caus-
es [2]. Mutations in the JAK2 kinase lead to signaling
abnormalities that cause uncontrolled proliferation
of erythroid progenitors. The substitution of valine
with phenylalanine at position 617 of the JAK2 gene
(JAK2V617F) results in constitutive activation of cyto-
kine receptors, regardless of erythropoietin presence
[3]. Besides JAK2 mutations, a smaller percentage of
patients may have mutations in the TET2, DNMT3A,
and ASXL1 genes, contributing to clinical heteroge-
neity and the risk of disease progression [4]. The clin-
ical course of PV is chronic and slowly progressive,
with major complications including thromboembolic
events, transformation to post-polycythemic myelofi-
brosis, and acute myeloid leukemia. Significant prog-
ress has been made in developing new therapeutic
approaches for patients with polycythemia vera [5,3].
The standard treatment includes therapeutic vene-
section and cytoreductive therapy (hydroxyurea) [5].
Multiple myeloma (MM), on the other hand, is a
malignant plasma cell disorder characterized by clonal
proliferation of plasma cells within the bone marrow,
leading to excessive production of monoclonal immu-
noglobulins (M protein), osteolytic lesions, anemia, re-
nal impairment, and immunodeficiency [6]. Multiple
myeloma accounts for approximately 10% of hema-
tologic malignancies and represents the second most
common hematologic malignancy after lymphoma [7].
The disease most commonly affects individuals older
than 60 years and has a significant impact on morbidity
and mortality. Genetic abnormalities, the bone marrow
microenvironment, and dysregulation of signaling path-
ways that stimulate plasma cell survival and prolifera-
tion play a crucial role in the pathogenesis of MM [8,9].
Polycythemia vera and multiple myeloma are chron-
ic hematologic malignancies originating from different
hematopoietic lineages—myeloid and lymphoid-which
makes their coexistence in a single patient an unusu-
al and clinically intriguing phenomenon. Despite their
different origins, both diseases may share common risk
factors, including exposure to ionizing radiation, chronic
stimulation of hematopoietic cells, and accumulation of
somatic mutations during aging [1,6,10]. The simultane-
ous or sequential occurrence of PV and MM is rare, with
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ove povezanosti ostaju nejasni [10]. Ovaj izvestaj pred-
stavlja redak slucaj pacijenta kome je inicijalno dija-
gnostikovana policitemija vera, a koji je kasnije razvio
multipli mijelom.

Cilj nam je da doprinesemo literaturi o ovoj neo-
bi¢noj koegzistenciji i da diskutujemo o mogudim pa-
togenetskim mehanizmima i klinickim implikacijama.

PRIKAZ SLUCAJA

Kod pacijenta starosti 54 godine postavljena je dija-
gnoza policitemije vere tokom 2010. godine, a nakon
hematoloske obrade koja je ukljucivala i biopsiju ko-
Stane srzi. Od momenta postavljanja dijagnoze njegov
tretman je ukljucivao acetilsalicilnu kiselinu (ASA) sa
povremenom terapijskom flebotomijom koja se izvo-
di po potrebi radi kontrole nivoa hematokrita. Nakon
5 godina u terapiju uvedena i hidroksiureja (Litalir®).
Bolest je ostala klini¢ki stabilna 15 godina, uz redovno
hematolosko pracenje, a pacijent je bio bez tegoba. U
licnojanamnezi: boluje od hipertenzije, i daje podatak
da se ranije le¢io od multiple skleroze, ali da je bolest
u remisiji i da nema nikakvu terapiju, osim redovnih
kontrola neurologa. U julu teku¢e godine na jednoj
od redovnih kontrola pacijent prijavljuje da je prime-
tio krv u stolici (tada vrednost Hgb u krvnoj slici 120
g/1); nakon ¢ega je upucen gastroenterologu i sprove-
dena je kompletna obrada. Od strane gastroenterolo-
ga potvrdeni su hemoroidi. Nakon mesec dana, na re-
dovnoj kontroli registruje pad hemoglobina na 80 g/I,
kao i abnormalnosti u rezultatima imunologije (IgG:
158,29 g/L, IgM: 0,22 g/L, C3:0,08 g/L, C4:0,03 g/L), ali
i hiperproteinemija uz oc¢uvanu bubreznu funkciju.
Pacijent se Zali na opStu slabost i malaksalost, kao i na
gubitak u telesnoj tezini. Indikovana je hitna hospita-
lizacija radi evaluacije u pravcu multiplog mijeloma i
daljeg lecenja. Pri prijemu, pacijent je bio afebrilan i
hemodinamski stabilan. Tokom hospitalizacije spro-
vedena je dalja dijagnostika. U aspiratu kostane srzi
registrovano je 8-10% plazma celija. Testiranje fluo-
rescentnom in situ hibridizacijom (FISH) bilo je nega-
tivno na citogenetske abnormalnosti ili mutacije viso-
kog rizika. Elektroforezom seruma i urina dokazano je
prisustvo M komponente u klasi IgG (kappa laki lanci).
Uraden je niskodozni skener skeleta koji je pokazao
viSestruke osteoliticke lezije koje zahvataju aksijalni
i apendikularni skelet. U bioptatu kostane srzi, imu-
nohistohemijski je dobijen slededi fenotip: CD71+,
MPO+, CD61+, CD34+ (< 5%), CD117+ (< 5%), CD56+
(35%), uz jasnu restrikciju kappa lakih lanaca 5:1. U za-
klju¢ku takode potvrdeno da je re¢ o istovremenom
prisustvu policitemije vere i multiplog mijeloma. To-
kom hospitalizacije, pacijent je podvrgnut terapijskoj
plazmaferezi radi kontrole hiperproteinemije. Nakon

only a limited number of cases reported in the literature.
The exact mechanisms underlying this association re-
main unclear [10]. This report presents a rare case of a
patient initially diagnosed with polycythemia vera who
subsequently developed multiple myeloma.

Our aim is to contribute to the literature on this un-
usual coexistence and to discuss possible pathogenet-
ic mechanisms and clinical implications.

CASE REPORT

A 54-year-old patient was diagnosed with polycythe-
mia vera in 2010 after a hematologic evaluation that
included a bone marrow biopsy. Since diagnosis, tre-
atment involved acetylsalicylic acid (ASA) with occa-
sional therapeutic phlebotomy as needed to manage
hematocrit levels. After five years, hydroxyurea (Li-
talir®) was added to the treatment plan. The disease
remained clinically stable for 15 years with regular
hematologic follow-up, and the patient was asymp-
tomatic. Past medical history included arterial hyper-
tension and multiple sclerosis, which was reported to
be in remission, with no ongoing therapy besides reg-
ular neurological follow-up. In July of this year, during
a routine follow-up visit, the patient reported noticing
blood in the stool (hemoglobin level at that time was
120 g/L). He was referred to a gastroenterologist, and a
complete diagnostic workup was performed, confirm-
ing hemorrhoids. One month later, during a scheduled
follow-up, a further drop in hemoglobin to 80 g/L was
observed, along with abnormalities in immunological
parameters (IgG: 158.29 g/L, IgM: 0.22 g/L, C3:0.08 g/L,
C4: 0.03 g/L), as well as hyperproteinemia with pre-
served renal function. The patient reported general
weakness, fatigue, and weight loss. Urgent hospital-
ization was recommended for evaluation of multiple
myeloma and further management. Upon admission,
the patient was afebrile and hemodynamically stable.
Further diagnostic procedures were carried out during
hospitalization. Bone marrow aspirate showed 8-10%
plasma cells. Fluorescence in situ hybridization (FISH)
testing was negative for cytogenetic abnormalities or
high-risk mutations. Serum and urine protein electro-
phoresis revealed the presence of an M component in
the IgG class (kappa light chains). Low-dose skeletal
computed tomography identified multiple osteolytic
lesions involving both the axial and appendicular skel-
eton. Immunohistochemical analysis of the bone mar-
row biopsy showed the following phenotype: CD71+,
MPO+, CD61+, CD34+ (<5%), CD117+ (<5%), CD56+
(35%), with a clear kappa light chain restriction at a ra-
tio of 5:1. The conclusion confirmed the simultaneous
presence of polycythemia vera and multiple myeloma.
During hospitalization, the patient received therapeu-
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toga, zapoceta je hemoterapija prema VTD protokolu
(bortezomib, talidomid, deksametazon). Pacijent tre-
nutno prima Cetvrti ciklus terapije, nakon ¢ega ¢e se
proceniti odgovor na leCenje i status bolesti.

DISKUSUJA

Istovremena pojava policitemije vere i multiplog mije-
loma je izuzetno retka i predstavlja znacajne dijagno-
sticke i terapijske izazove. PV nastaje iz klona mijelo-
idnih mati¢nih ¢elija i u vecini slucajeva je uzrokovana
mutacijom JAK2 V617F, dok MM predstavlja neoplaz-
mu limfocita- plazma ¢elija [3,5]. Koegzistenciju multi-
plog mijeloma i policitemije vere prvi su opisali Lorens
i Rozental 1948. godine [7,8]. Opisani su slucaji poput
naseg pacijenta gde je inicijalno postavljena dijagnoza
policitemije, a zatim multiplog mijeloma, ali i slu¢ajevi
gde je redosled bolesti drugaciji, odnosno prvo MM, a
zatim PV [8,11]. Takode je opisan slucaj pacijentkinje
kod koje je istovremeno postavljena dijagnoza PV i
monoklonske gamapatije (MGUS) koja je kasnije pro-
gredirala u klinicki manifestni multipli mijelom [11].
Pacijenti su le¢eni primenom HU, koja je obustavljena
nakon dijganoze MM [9,11,12]. Le¢enje mutiplog mi-
jeloma sprovedeno je primenom VCD (bortezomib +
ciklofosfamid + dexametazon) protokola kao prve te-
rapijske linije [9-12]. U trenutku kada su ovi prikazi slu-
Cajeva objavljeni za dva pacijenta je ucinjena procena
terapijskog odgovora, i oni su bili u parcijalnoj remisiji
[9,10]. U tabeli 1 su prikazane karakteristike pacijenata
kod kojih su dijagnostikovane ove dve maligne hema-
toloske bolesti. Zanimljivo je da su u pitanju 4 Zene,
prosecne starosti 70,75 godina [9-12].

Istovremeno postojanje ove dve bolesti kod jed-
nog pacijenta sugerise ili razvoj dva nezavisna klona
ili transformaciju zajednicke progenitorske celije sa
multipotentnim potencijalom [9]. Predlozeno je ne-
koliko mehanizama za objasnjenje ovog fenomena.
Neki autori smatraju da oba poremecaja mogu nasta-
ti iz zajednicke pluripotentne hematopoetske matic-
ne Celije sposobne da se diferencira i u mijeloidnu i

Tabela 1. Karakteristike pacijenata lecenih od MM i PV — podaci iz dosadasnje
literature

Dg MM u odnosu na PV/

COEXISTENCE OF POLYCYTHEMIA VERA AND MULTIPLE MYELOMA. A CASE REPORT

tic plasmapheresis to manage hyperproteinemia. Fol-
lowing this, chemotherapy was started using the VTD
protocol (bortezomib, thalidomide, dexamethasone).
The patient is now on the fourth cycle of treatment,
and the response to therapy and disease status will be
assessed afterward.

DISCUSSION

The simultaneous occurrence of polycythemia vera and
multiple myeloma is extremely rare and represents a si-
gnificant diagnostic and therapeutic challenge. PV arises
from a clone of myeloid stem cells and in most cases is
caused by the JAK2 V617F mutation, whereas MM is a
neoplasm of lymphocytes—plasma cells [3,5]. The coe-
xistence of multiple myeloma and polycythemia vera
was first described by Lawrence and Rosenthal in 1948
[7,8]. Similar cases to our patient have been reported,
where the initial diagnosis was polycythemia followed
by multiple myeloma, as well as cases where the dis-
ease sequence was reversed, with MM preceding PV
[8,11]. A case has also been documented of a female
patient in whom PV and monoclonal gammopathy of
undetermined significance (MGUS) were diagnosed
simultaneously, later progressing to clinically evident
multiple myeloma [11]. Patients were treated with
hydroxyurea (HU), which was discontinued after di-
agnosing MM [9,11,12]. The treatment for multiple
myeloma involved the VCD protocol (bortezomib +
cyclophosphamide + dexamethasone) as the initial
therapy [9-12]. At the time these case reports were
published, treatment response had been evaluated in
two patients, both of whom were in partial remission
[9,10]. Table 1 presents the characteristics of patients
diagnosed with these two malignant hematological
diseases. Interestingly, all 4 reported patients were
women, with a mean age of 70.75 years [9-12].

The simultaneous presence of these two diseases
in a single patient suggests either the development
of two independent clones or the transformation of a
common progenitor cell with multipotent potential [9].

Table 1. Characteristics of patients treated for MM and PV — data from the
existing literature

Pol/ Gender  Starost/Age Dg MM i relation to PV ThPV/ThPV Th MM/ Th MM Th odgovor / Th response
Zenski / Female 81 Nakon 5 god / After 5 years HU V(D PR nakon 9 cy / PR after 9 cy
Lenski/ Female 70 Istovremeno / At the same time Bez th / Without th V(D PR, bgz podataka o broju ¢y

PR, without data on the number of cy
Zenski / Female 65 Nakon 5 god / After 5 years venepunkdije / Venipuncture V(D bez podataka / Without data
Zenski/ Female 67 Nakon 13 god / After 13 years HU V(D Primila 1 cy / Received 1 cy
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u limfoidnu lozu [7]. Drugi predlazu da koegzistenci-
ja moze biti slu¢ajna ili moguce povezana sa terapi-
jom, posebno kod pacijenata lecenih citoreduktivnim
agensima kao 5to je hidroksiureja [8]. U klinickoj prak-
si, vazno je razmotriti potencijalnu ulogu prethodne
terapije citoreduktivnim lekovima, koja moze delova-
ti kao dodatni genotoksicni stresori podstaci klonalnu
evoluciju [13]. Sugerisano je da hroni¢na stimulacija
kostane srzi, aktivacija inflamatornih citokina i izme-
njeno mikrookruzenje koStane srzi kod PV mogu do-
prineti sekundarnoj klonalnoj evoluciji i proliferaciji
plazma ¢elija [9]. U novijim istrazivanjima sugerise se
mogucnost da hroni¢na stimulacija hematopoetskih
progenitora u uslovima povecane proliferativne ak-
tivnosti kod PV moze stvoriti mikrookruzenje pogod-
no za nastanak sekundarnih klonalnih poremecaja,
uklju€ujuci plazmocitne diskrazije [11,12]. Takode,
produZena izloZzenost citokinima kao S$to su IL-6 i
TNF-alfa moze doprineti aktivaciji signalnih puteva
koji podsticu proliferaciju plazma ¢elija. Klinicki, rano
prepoznavanje multiplog mijeloma kod pacijenata sa
PV moze biti tesko, jer simptomi poput umora ili la-
boratorijskih abnormalnosti, kao to su poviseni nivoi
proteina, u pocetku mogu biti pripisani primarnom
mijeloproliferativnom poremecaju [7,8]. Sa dijagno-
stickog aspekta, kod pacijenta sa poznatom PV, poja-
va hipergamaglobulinemije, bubrezne disfunkcije ili
anemije koja nije u skladu sa osnovnim tokom bolesti
treba da pobudi sumnju na mogucu pojavu multi-
plog mijeloma [11,13]. Rano prepoznavanje ove aso-
cijacije omogucava pravovremeno sprovodenje ciljne
terapije i bolju kontrolu komplikacija. Sa terapijskog
aspekta, neophodno je pazljivo balansirati izmedu
tretmana usmerenih na kontrolu eritrocitoze i onih
koji ciljaju plazmocitnu proliferaciju, imajuci u vidu
mogucu toksi¢nost i interakcije lekova [13].

Ovaj prikaz slu¢aja dodatno naglasava potrebu za
dugoro¢nim pracenjem pacijenata sa mijeloprolife-
rativnim neoplazmama, budu¢i da klonalna evolucija
moze rezultirati pojavom sekundarnih maligniteta. U
tom kontekstu, integracija molekularne dijagnostike,
kao 3to su analiza JAK2 mutacije i detekcija monoklo-
nalnog paraproteina, ima klju¢nu ulogu u ranoj dija-
gnostici i pracenju bolesti [10-12].

U nasem slucaju, pojava novog klinickog znaka,
odnosno krvarenja u stolici, pokrenula je dodatna is-
pitivanja koja su ukljucivala i rutinsko biohemijsko pra-
¢enje, a koje je bilo klju¢no u otkrivanju hiperprotei-
nemije, $to je dovelo do blagovremene dijagnosticke
evaluacije i identifikacije multiplog mijeloma. Le¢enje
takvih slucajeva zahteva individualizovan, multidisci-
plinarni pristup. Zbog retkosti ove dvostruke dijagno-
ze, optimalne strategije le¢enja i dugorocni ishodi nisu

Several mechanisms have been proposed to explain
this phenomenon. Some authors suggest that both
disorders may originate from a common pluripotent
hematopoietic stem cell capable of differentiating into
both myeloid and lymphoid lineages [7]. Others pro-
pose that the coexistence may be coincidental or pos-
sibly related to therapy, particularly in patients treated
with cytoreductive agents such as hydroxyurea [8]. In
clinical practice, it is important to consider the poten-
tial role of prior cytoreductive therapy, which may act
as an additional genotoxic stressor and promote clon-
al evolution [13]. It has been suggested that chronic
bone marrow stimulation, activation of inflammatory
cytokines, and an altered bone marrow microenviron-
ment in PV may contribute to secondary clonal evolu-
tion and plasma cell proliferation [9]. More recent stud-
ies suggest that chronic stimulation of hematopoietic
progenitors, driven by increased proliferative activity
in PV, may create a microenvironment conducive to
the development of secondary clonal disorders, in-
cluding plasma cell dyscrasias [11,12]. In addition, pro-
longed exposure to cytokines such as IL-6 and TNF-a
may contribute to the activation of signaling pathways
that promote plasma cell proliferation. Clinically, early
detection of multiple myeloma in patients with PV can
be difficult because symptoms like fatigue or lab abnor-
malities, such as elevated protein levels, might initially
be mistaken for the underlying myeloproliferative disor-
der [7,8]. From a diagnostic point of view, in a patient
with known PV, the presence of hypergammaglobu-
linemia, renal dysfunction, or anemia that do not align
with the expected disease course should raise suspicion
of developing multiple myeloma [11,13]. Recognizing
this association early allows for timely targeted therapy
and improved management of complications. From a
treatment perspective, it is crucial to carefully balance
therapies aimed at controlling erythrocytosis with those
targeting plasma cell proliferation, considering poten-
tial toxicity and drug interactions [13].

This case report further highlights the importance
of long-term follow-up for patients with myeloprolif-
erative neoplasms, as clonal evolution can lead to the
development of secondary malignancies. In this con-
text, incorporating molecular diagnostics, such as JAK2
mutation analysis and detection of monoclonal para-
protein, is essential for early diagnosis and ongoing
disease monitoring [10-12].

In our case, the appearance of a new clinical
sign-specifically, gastrointestinal bleeding-prompted
additional investigations, including routine biochem-
ical monitoring, which was crucial in detecting hyper-
proteinemia and led to timely diagnostic evaluation
and the identification of multiple myeloma. Managing
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precizno utvrdeni, a ve¢ina dokaza dolazi iz izolovanih
izvestaja o slucajevima. Ovaj slucaj predstavlja neuobi-
¢ajenu koegzistenciju policitemije vere i multiplog mi-
jeloma, dva razlic¢ita klonalna hematoloska poremecaja
sa razli¢itim patofizioloskim poreklom.

ZAKLJUCAK

Ovaj slucaj doprinosi ograni¢enom broju izvestaja koji
opisuju udruzenu pojavu policitemije vere i multiplog
mijeloma, naglasavajuci potrebu za budnim dugoro¢-
nim pracdenjem i sveobuhvatnom evaluacijom novih
i neocekivanih znakova i simptoma, kao i hematolos-
kih ili biohemijskih abnormalnosti kod pacijenata sa
hroni¢nim mijeloproliferativnim neoplazmama. Rano
prepoznavanje i odgovarajuca terapijska intervencija
mogu poboljsati klinicke ishode i kvalitet Zivota kod
ovih kompleksnih pacijenata.

Sukob interesa: Nije prijavljen.
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have not been clearly established, and most evidence
comes from isolated case reports. This case illustrates
an unusual coexistence of polycythemia vera and mul-
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CONCLUSION

This case contributes to the small number of reports
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cognition and timely treatment may enhance clinical
outcomes and improve quality of life for these com-
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UPUTSTVO AUTORIMA ZA PRIPREMU RADOVA

Srpski medicinski casopis Lekarske komore objavljuje do sada neobjavljene
originalne strucne i naucne radove, pregledne ¢lanke, kratka saopstenja, uvod-
nike, pisma uredniku, meta-analize, prikaze sluajeva, aktuelne teme, prikaze
knjiga, radove iz istorije medicine i drugo, iz svih oblasti medicine, farmacije i
stomatologije, cime doprinosi promodiji i razvoju struke i nauke. Casopis se objav-
ljuje u papirnom i elektronskom obliku Cetiri puta godisnje.

Da bi se rad razmatrao za publikovanje neophodno je da bude pripremljen
prema propozicijama ovog Casopisa. U suprotnom Urednik moze da ga odbije,
bez daljih objasnjenja. Objavljivanje radova se ne honorarise. Prilikom prihva-
tanja rada za publikovanje svi autori prenose svoja autorska prava na izdavaca
casopisa.

Radovi se 3alju elektronski. Adresa za prijavljivanje rada za Casopis je
https://aseestant.ceon.rs/index.php/smclk. Casopis koristi otvoren sistem
pristupa koji omogucava automatsko proveravanje plagijarizma i autoplagijariz-
ma. Uz rad se 3alju i odgovarajuce potvrde (videti na kraju ovog uputstva).

OPSTA UPUTSTVA

Tekst rada treba da bude napisan latinicom u programu za obradu teksta Word,
fontom Times New Roman i velicinom slova 12 taaka (12 pt). Sve Cetiri margine
treba podesiti na 25 mm, a veliinu stranice na format A4. Prored treba da bude
1,5, sa levim poravnanjem i uvlacenjem svakog pasusa za 10 mm. Ne treba da
bude podeljenih reci (hifenacije). Ne treba koristiti tabulatore i uzastopne prazne
karaktere (spejsove) radi poravnanja teksta, vec alatke za kontrolu poravnanja
u tulbaru. Za prelazak na novu stranu dokumenta koristi se iskljucivo Page bre-
ak. Posle svakog znaka interpunkcije treba staviti samo jedan prazan karakter
(spejs). Ako se u tekstu koriste specijalni znaci (simboli), koristite font iz paketa
Symbol. Za nazive lekova koristiti iskljuivo genericka imena. Uredaji (aparati) se
oznacavaju fabrickim nazivima, a ime i mesto proizvodaca treba navesti u oblim
zagradama. Ukoliko se u tekstu koriste oznake koje su spoj slova i brojeva potreb-
no je precizno napisati broj koji se javlja u superskriptu ili supskriptu (na pr. 99T,
IL-6, 02, B12, (D8 itd.). Ukoliko se nesto uobicajeno piSe kurzivom (jtalic) tako se
i navodi (npr. nazivi gena). Neophodno je koristiti medunarodni sistem mernih
jedinica (S1), uz izuzetak temperature (°C) i krvnog pritiska (mmHg). Ukoliko je
rad deo magistarske teze, odnosno doktorske disertacije, ili je uraden u okviru
naucnog projekta, to treba posebno naznaciti u Napomeni na kraju teksta.

Za izradu grafickih priloga koristite standardne graficke programe za vin-
dovs (Windows), najbolje iz programskih paketa mikrosoft ofisa (Excel, Word
Graph). 1zbegavajte upotrebu boja, narocito prelaze boja i sencenje.

PRIPREMA RADA

Delovi rada su: naslovna strana, saZetak sa kljucnim recima, tekst rada, zahval-
nost (po Zelji), literatura i prilozi.

NASLOVNA STRANA (prva strana) sadrZi naslov rada bez skracenica,
predlog kratkog naslova rada, puna imena i prezimena autora (bez titula) indek-
sirana brojevima, zvanican naziv ustanova u kojima autori rade, mesto i drzavu
(redosledom koji odgovara indeksiranim brojevima autora). Na dnu stranice na-
vesti ime i prezime, adresu za kontakt, broj telefona, faksa i imejl adresu autora
zaduZenog za korespondenciju. Naslovna strana treba da bude na spskom i en-
gleskom jeziku (druga strana).

SAZETAK treba da ima do 250 reci, ukljuujuci skracenice (treca strana). Za
originalne radove, prethodno i kratko saopstenje, meta-analize i pregledne rado-
ve, sazetak treba da ima sledecu strukturu: Uvod, Cilj, Metode, Rezultati, Zakljucak.
Svaki od navedenih segmenata treba da bude napisan kao poseban pasus. Za prika-
ze slucajeva saZetak treba da ima sledece delove: Uvod, Prikaz bolesnika, Zakljucak.
Svaki deo, takode, pisati kao poseban pasus. Za ostale vrste radova saZetak nema
posebnu strukturu. Ispod Sazetka navesti od tri do Sest klju¢nih reciiliizraza. Ne tre-

INSTRUCTIONS FOR AUTHORS

INSTRUCTIONS FOR AUTHORS

The Serbian Journal of the Medical Chamber publishes previously unpub-
lished, original professional and scientific papers, reviews, short communications,
editorials, letters to the editor, meta-analyses, case reports, current topics, book
reviews, papers on the history of medicine and more, from all fields of medicine,
pharmacy and dentistry, therefore contributing to the promotion and develop-
ment of the profession and science. The journal is published in print and electronic
form four times per year.

In order for a paper to be considered for publication, it is necessary to prepare
it according to the Journal’s quidelines, otherwise the editor may reject it without
further explanation. The publication of papers is not paid. When accepting a paper
for publication, all authors transfer their copyrights to the Journal publisher.

Papers are submitted electronically. The web address for submitting papers is
https://aseestant.ceon.rs/index.php/smclk. The Journal uses an open access sys-
tem that allows automatic checking for plagiarism and autoplagiarism. Appropriate
certificates should be provided with the paper (see at the end of these instructions).

GENERAL INSTRUCTIONS

The paper should be submitted as a Microsoft Word document (.docx, .doc), using
the Times New Roman font, size 12 pt. All four margins should be set to 25 mm and
the page size to A4. The line spacing should be 1.5, with left alignment and 10 mm
indentation of each paragraph. There should be no end-of-line hyphenation. The
alignment tools should be used for aligning the text, not tabs or multiple spaces.
Only the page-break should be used for a new page in the document. A single space
should follow each punctuation mark. If special characters (symbols) are used in
the text, use the font from the Symbol package. Use only generic names for drugs.
Devices (equipment) should be identified using factory names, and the name and
location of the manufacturer should be indicated in parentheses. If the text uses
labels that are a combination of letters and numbers, it is necessary to appropri-
ately write the number that appears in superscript or subscript (e.g. *Tc, IL-6, 0,,
B12, (D8, etc.). If something is typically written in italic, it should be written so
(e.g. gene names). International System of Units (SI) units should be used, with the
exception of temperature (°C) and blood pressure (mmHg). If the paper is part of a
master’s thesis or doctoral dissertation, or was created within a scientific project,
this should be specifically indicated in the Notes section, at the end of the text.

Graphics attachments should be created using standard graphics software
for MS Windows, preferably from the MS Office suite (MS Excel, MS Word Graph).
Use of colors should be avoided, especially gradients and shading.

PREPARING THE PAPER

The sections of the paper are: the cover page, the abstract and keywords, the text
of the paper, acknowledgements (optional), literature, and attachments.

COVER PAGE (first page) should include the title of the paper, without ac-
ronyms, a suggested short title of the paper, the full names of the authors (with-
out titles) indexed using numbers, the official name of the institutions where
the authors work, place and country (in the order corresponding to the indexed
numbers of the authors). At the bottom of the page, provide the name, contact
address, phone number, fax number and email address of the corresponding au-
thor. The cover page should be in Serbian and English language (second page).

ABSTRACT should be up to 250 words, including acronyms (third page).
For original papers, preliminary and short communications, meta-analyses and
review papers, the abstract should have the following structure: Introduction,
Aim, Methods, Results, Conclusion. Each of these segments should be written as
a separate paragraph. For case report, the summary should have the following
sections: Introduction, Case Report, Conclusion; each part should be written as a
separate paragraph. For other types of papers, the abstract does not have a special
structure. List three to six key words or phrases below the abstract. Words from the
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INSTRUCTIONS FOR AUTHORS

ba da se ponavljaju reciiz naslova, a kljucne reci treba da budu relevantne i opisne. U
izboru kljucnih redi koristiti Medical Subject Headings — MeSH (http://www. nlm.nih.
gov/mesh). Sazetak treba da bude napisan na srpskom i engleskom jeziku.

Na cetvrtoj strani treba da se nalazi prevod teksta koji je na trecoj strani
(saZetak). Ova strana mora da ima identi¢nu strukturu treoj strani.

0d pete strane broji se broj strana predviden za odgovarajucu strukturu rada.

STRUKTURA RADA. Svi podnaslovi se piSu velikim masnim slovima
(bold). Originalni rad, meta-analiza, prethodno i kratko saop3tenje obavezno
treba da imaju sledece podnaslove: Uvod (Cilj rada navesti kao poslednji pasus
Uvoda), Metode rada, Rezultati, Diskusija (koncizna, jasna, predstavlja tuma-
cenje i poredenje rezultata studije sa relevantnim studijama koje su objavljene
u domacoj i medunarodnoj literaturi), Zakljucak (mora proistei iskljucivo iz
rezultata istraZivanja rada, Spisak skracenica (ukoliko su koriS¢ene u tekstu),
Zahvalnica, Literatura (navodi se arapskim brojevima redosledom kojim je u
tekstu navedena u uglastim zagradama, vidi dalje). Struktura rada kod pregle-
da literature sastoji se od Uvoda, Veceg broja podnaslova, Zakljucka, Literature.
Autori preglednog rada treba da navedu bar tri rada (kao autori ili koautori)
publikovanih u ¢asopisima s recenzijom. Struktura rada kod prikaza jednog ili
vise slucajeva Cine: Uvod (Cilj rada navesti kao poslednji pasus Uvoda), Prikaz
bolesnika, Diskusija, Literatura. Ne treba koristiti imena bolesnika, inicijale,
niti brojeve istorija bolesti, narocito u ilustracijama. Prikazi slu¢ajeva ne smeju
imati viSe od pet autora.

STATISTICKE METODE, PRIKAZ | INTERPRETACIJA REZULTATA

Ukoliko je moguce, sve numericke vrednosti zaokruZiti na jedno decimalno me-
sto. Ne duplirati prikaz rezultata u tabelama i grafikonima. Za prikaz rezultata u
tabelama i tekstu preporuka je da se: numericki podaci sa normalnom raspode-
lom i bez ekstremnih vrednosti prikazuju kao aritmeticka sredina + standardna
devijacija; numericki podaci cija raspodela odstupa od normalnosti ili kada po-
stoje ekstremne vrednosti, i ordinalni podaci prikazuju kao medijana i opseg (mi-
nimalna — maksimalna vrednost); nominalni podaci i ordinalni podaci sa malim
brojem kategorija prikazuju kao n (%).

Prilikom opisa primenjenih statistickih metoda, prikaza i interpretacije re-
zultata u radu pridrZavati se SAMPL Guidelines (Lang TA, Altman DG. Basic statisti-
cal reporting for articles published in biomedical journals: the “Statistical Analyses
and Methods in the Published Literature” or the SAMPL Guidelines. Int J Nurs Stud
2015,52(1):5-9.). Primenjene statisticke metode treba opisati dovoljno detaljno da
ih ¢italac moZe ponoviti na svojim podacima. Navesti koriSceni statisticki test i
nivo znacajnosti. Saopstiti tacnu p-vrednost na 3 decimalna mesta.

PRILOGE (tabele, grafikone, slike itd.) postaviti na kraj rukopisa, a u sa-
mom tekstu jasno naznaciti mesto koje se odnosi na dati prilog. Krajnja pozicija
priloga bice odredena u toku pripreme rada za publikovanje.

SKRACENICE. Koristiti samo kada je neophodno, i to za veoma dugacke na-
zive hemijskih jedinjenja, odnosno nazive koji su kao skracenice ve¢ prepoznatljivi
(standardne skracenice, kao npr. DNK, sida, HIV). Za svaku skracenicu pun termin
treba navesti pri prvom navodenju u tekstu, sem ako nije standardna jedinica
mere. U naslovi se ne koriste skracenice. Izbegavati kori$¢enje skracenica u sa-
Zetku, ali ako su neophodne, svaku skracenicu objasniti pri prvom navodenju u
tekstu.

DECIMALNI BROJEVI. U tekstu rada na engleskom jeziku, u tabelama, na
grafikonima i drugim prilozima decimalne brojeve pisati sa tackom (npr. 12.5 +
3.8), a u tekstu na srpskom jeziku sa zarezom (npr. 12,5 + 3,8). Kad god je to
moguce, broj zaokruZiti na jednu decimalu.

JEDINICE MERA. DuZinu, visinu, teZinu i zapreminu izrazavati u metrickim
jedinicama (metar —m, kilogram (gram) — kg (g), litar — 1) ili njihovim delovima.
Temperaturu izrazavati u stepenima Celzijusa (°C), koli¢inu supstance u molima

title should not be repeated, and the key words should be relevant and descriptive.
The Medical Subject Headings - MeSH thesaurus (http://www.nlm.nih.gov/mesh)
should be used for selecting the key word. The abstract should be submitted in
both Serbian and English language.

The fourth page should contain the translation of the text from the third
page (abstract). This page must have the identical structure as the third page.

The number of pages provided for the appropriate structure of the paper is
counted from the fifth page.

STRUCTURE OF THE PAPER. Capital bold letters should be used for all sub-
headings. Original papers, meta-analyses, preliminary and short communications
must have the following subheadings: Introduction (the objective of the paper
should be stated in the last paragraph of the Introduction), Methodologies, Results,
Discussion (concise and clear, it represents the interpretation and comparison of
study results with relevant studies published in domestic and international liter-
ature), Conclusion (it must derived solely from the results of the research), List of
acronyms (if used in the text), Acknowledgment, and Literature (listed using Arabic
numerals, in the order in which they appear in the text, in square brackets, see
below). The structure of literature review papers should be: Introduction, a number
of subheadings, Conclusion, and Literature. The authors of the reviews should list
at least three papers (as authors or co-authors) published in peer-reviewed jour-
nals. The structure of the paper presenting one or more cases should consists of:
Introduction (the objective of the paper should be given as the last paragraph of
the Introduction), Case Report, Discussion, and Literature. Patient names, initials,
and medical history numbers should not be used, especially in illustrations. Case
reviews should not have more than five authors.

STATISTICAL METHODS, PRESENTATION AND INTERPRETATION OF RESULTS

If possible, all numbers should be rounded to one decimal place. The display of
results in tables and graphs should not be repeated. When presenting results in
tables and text, it is recommended that numerical data with normal distribution
and without extreme values be presented as arithmetic mean =+ standard devia-
tion; that numerical data whose distribution deviates from normal distribution or
when there are extreme values, and ordinal data, be presented as the median and
range (minimum—maximum value); that nominal data and ordinal data with a
small number of categories be displayed as n (%).

When describing the applied statistical methods, presentation and interpre-
tation of results in the paper, follow the SAMPL Guidelines (Lang TA, Altman DG.
Basic statistical reporting for articles published in biomedical journals: The “Sta-
tistical Analyses and Methods in the Published Literature” or the SAMPL Guide-
lines. Int J Nurs Stud 2015; 52(1):5-9.). The applied statistical methods should be
described in sufficient detail so that the reader may repeat them using own data.
Indicate the statistical test used and the level of significance. Report the correct
p-value to the third decimal place.

ATTACHMENTS (tables, graphs, pictures, etc.) should be placed at the end
of the manuscript, while clearly indicating in the text the place that refers to the
given attachment. The final position of the attachment will be defined during the
preparation of the paper for publication.

ACRONYMS should be used only when necessary, i.e. for very long names
of chemical compounds and names that are already commonly used as acronyms
(standard acronyms, such as DNA, AIDS, HIV). For each acronym, the full term
should be given at the first appearance in the text, unless it is a standard unit of
measure. Acronym should not be used in the title. Avoid using acronyms in the
abstract, but if necessary, explain each acronym at the first appearance in the text.

DECIMAL NUMBERS. In the English text of the paper, in tables, graphs and
other appendices decimal numbers are written with a point (e.g. 12.5 + 3.8), and
in the text in Serbian with a comma (e.g. 12.5 + 3.8). Whenever possible, round
the number to one decimal place.
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(mol), a pritisak krvi u milimetrima Zivinog stuba (mm Hg). Sve rezultate hema-
toloskih, klinickih i biohemijskih merenja navoditi u metrickom sistemu prema
Medunarodnom sistemu jedinica (SI).

PRILOZI su tabele, slike (fotografije, crtezi, sheme, grafikoni), do Sest po
radu. Svaki prilog se dostavlja kao poseban dokument, obelezen na isti nacin kao
u tekstu. Ako su tabele, grafikoni, sheme li slike vec objavljene, navesti originalni
izvor i priloZiti pisano odobrenje autora za njihovo koriScenje

TABELE. Svaka tabela treba da bude sama po sebi lako razumljiva. Naslov
treba otkucati iznad tabele, a objaSnjenja ispod nje. Tabele se oznacavaju arap-
skim brojevima prema redosledu navodenja u tekstu. Tabele crtati iskljucivo u
programu Word, kroz meni Table— Insert—Table, uz definisanje tacnog broja kolo-
na i redova koji ¢e Ciniti mrezu tabele. Desnim klikom na miSu — pomocu opcija
Merge Cells i Split Cells — spajati, odnosno deliti celije. Kucati fontom Times New
Roman, veli¢inom slova 12 pt, s jednostrukim proredom i bez uvlaenja teksta.
KoriScene skracenice u tabeli treba objasniti u legendi ispod tabele. Ukoliko je
rukopis na srpskom jeziku, priloZiti nazive tabela i legendu na oba jezika. Takode,
u jednu tabelu, u okviru iste Celije, uneti i tekst na srpskom i tekst na engleskom
jeziku (nikako ne praviti dve tabele na dva jezika!).

SLIKE. Slike su svi oblici grafickih priloga. Objavljuju se fotografije, crteZi,
sheme i grafikoni. Slike se oznacavaju arapskim brojevima prema redosledu na-
vodenja u tekstu. Primaju se iskljucivo digitalne fotografije (crno-bele ili u boji)
rezolucije najmanje 300 dpi i formata zapisa tiff ili jpg (male, mutne i slike lo3eg
kvaliteta nece se prihvatati za Stampanje!). Ukoliko autori nemaju ili nisu u mo-
gudnosti da dostave digitalne fotografije, onda originalne slike treba skenirati u
rezoluciji 300 dpi i u originalnoj velicini. Ukoliko je rad neophodno ilustrovati sa
viSe slika, u radu ce ih biti objavljeno nekoliko, a ostale ce biti u e-verziji ¢lanka
kao PowerPoint prezentacija (svaka slika mora biti numerisana i imati legendu). U
legendi slika treba napisati koris¢eno uvelicanje okulara i objektiva mikroskopa.
Svaka fotografija treba da ima vidljivu skalu. Potrebno je priloZiti nazive slika i
legendu na srpskom i engleskom jeziku.

GRAFIKONI. Grafikoni treba da budu uradeni i dostavljeni u programu Excel,
da bi se videle pratece vrednosti rasporedene po Celijama. Iste grafikone preko-
pirati i u Word-ov dokument. Grafikoni se oznacavaju arapskim brojevima prema
redosledu navodenja u tekstu. Svi podaci na grafikonu kucaju se u fontu Times New
Roman. Koris¢ene skracenice na grafikonu treba objasniti u legendi ispod grafiko-
na. PriloZite nazive grafikona i legendu na srpskom i engleskom jeziku.

SHEME I CRTEZL. CrteZi i sheme se dostavljaju u jpg ili tiff formatu. Svi po-
daci na shemi kucaju se u fontu Times New Roman, velicina slova 10 pt. Korid¢ene
skracenice na shemi treba objasniti u legendi ispod sheme. Ukoliko je rukopis na
srpskom jeziku, priloZiti nazive shema i legendu na oba jezika.

ZAHVALNICA. Navesti sve saradnike koji su doprineli stvaranju rada a ne
ispunjavaju kriterijume za autorstvo, kao $to su osobe koje obezbeduju tehnicku
pomo¢, pomoc u pisanju rada ili rukovode odeljenjem koje obezbeduje opstu po-
dr3ku. Finansijska i materijalna pomoc, u obliku sponzorstva, stipendija, poklona,
opreme, lekova i drugo, treba takode da budu navedene.

LITERATURA. Spisak referenci je odgovornost autora, a itirani ¢lanci treba
da budu lako pristupacni ¢itaocima Casopisa. Reference numerisati rednim arap-
skim brojevima prema redosledu navodenja u tekstu. Broj referenci ne bi trebalo
da bude vedi od 30, osim u pregledu literature, u kojem je dozvoljeno da ih bude
do 50, a u meta-analizi do 100.

Broj citiranih originalnih radova mora biti najmanje 80% od ukupnog broja
referenci, odnosno broj citiranih knjiga, poglavlja u knjigama i preglednih ¢la-
naka manji od 20%. Nije dozvoljeno citiranje apstrakata. Ukoliko je bitno ko-
mentarisati rezultate koji su publikovani samo u vidu apstrakta, neophodno je
to navesti u samom tekstu rada. Reference ¢lanaka koji su prihvaceni za Stampu,

INSTRUCTIONS FOR AUTHORS

UNITS OF MEASURE. Express length, weight and volume in metric units
(meter—m, kilogram (gram) —kg (g), liter — I) or their parts. Express temperature
in degrees Celsius (°C), amount of substance in moles (mol), and blood pressure
in millimeters of mercury (mmHg). All results of hematological, clinical and bio-
chemical measurements should be reported using the metric system, according to
the International System of Units (SI).

ATTACHMENTS are tables, pictures (photographs, drawings, diagrams,
graphs), up to six per paper. Each attachment is submitted as a separate docu-
ment, labeled the same way as it appears in the text. If tables, graphs, charts or
figures have already been published, the original source should be indicated, and
written consent for their use attached.

TABLES. Tables should be easily comprehensible. The caption should be typed
above the table, with an explanation below it. Tables are labeled with Arabic numer-
als, according to the order of appearance in the text. Tables should be drawn only in
MS Word, using the Insert Table function, defining the exact number of columns and
rows that will form the table grid. Use Merge Cells and Split Cells options to merge or
split cells. Use Times New Roman font, size 12 pt, with single spacing and no inden-
tation. The acronyms used in the table should be explained in the legend below the
table. If the manuscript is in Serbian, attach the names of the tables and the legend
in both languages. Also, enter the Serbian text and English text in the same table,
within a single cell (never make two tables in two languages).

IMAGES. All forms of graphic attachments are images. Photographs, drawings,
diagrams and graphs can be published. Images are labeled using Arabic numerals,
according to the order of appearance in the text. Only digital photos (black-and-
white or color) of at least 300 dpi resolution, in TIFF or JPG format are accepted (small,
blurry and poor-quality images will not be accepted for print). If the authors do not
have or are not able to submit digital photos, then the original images should be
scanned at a resolution of 300 dpi and in original size. If the paper requires multiple
images for illustration, several will be published in the paper, and the rest will be
included in the e-version of the article, as a MS PowerPoint presentation (each image
must be numbered and include a legend). The used microscope magnification should
be noted in the image legend. Each photo should include the scale. The image names
and the legend should be provided in both Serbian and English language.

GRAPHS. Graphs should be provided and submitted in MS Excel, in order
to show the accompanying values arranged by cell. The same graphs should be
copied into a MS Word document. Graphs are labeled with Arabic numerals, ac-
cording to the order of appearance in the text. All data in the graphs should be
displayed using the Times New Roman font. Acronyms used on the graph should
be explained in the legend below the graph. Include the names of the graphs and
the legend in both Serbian and English language.

DIAGRAMS AND DRAWINGS. Diagrams and drawings can be submitted in
JPG or TIFF format. All data in the diagram should be displayed using the Times
New Roman font, size 10 pt. The acronyms used in the diagram should be ex-
plained in the legend below the diagram. If the manuscript is submitted in Serbi-
an, the names of the diagrams and the legends should be provided in both Serbian
and English language.

ACKNOWLEDGEMENTS. List all associates who contributed to the production of
the paper but do not meet the authorship criteria, such as persons providing technical
assistance, assistance in writing the paper, or managing the department that provided
general support. Financial and material assistance, in the form of sponsorships, schol-
arships, donations, equipment, medicine, etc., should also be listed.
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INSTRUCTIONS FOR AUTHORS

ali jos nisu objavljeni, treba oznaciti sa in press i priloZiti dokaz o prihvatanju
rada za objavljivanje.

Podaci o koriScenoj literaturi u tekstu oznaavaju se arapskim brojevima u
uglastim zagradama — npr. [1,2], i to redosledom kojim se pojavljuju u tekstu.
Reference se citiraju prema Vankuverskom stilu (uniformisanim zahtevima
za rukopise koji se predaju biomedicinskim ¢asopisima), koji je uspostavio
Medunarodni komitet urednika medicinskih ¢asopisa (http://www.icmje.org),
Ciji format koriste U.S. National Library of Medicine i baze naucnih publikaci-
ja. Primeri navodenja publikacija (¢lanaka, knjiga i drugih monografija, elek-
tronskog, neobjavljenog i drugog objavljenog materijala) mogu se pronaci na
internet-stranici  http://www.nlm.nih.gov/bsd/uniform_  requirements.html.
Prilikom navodenja literature veoma je vazno pridrZavati se pomenutog stan-
darda, jer je to jedan od najbitnijih faktora za indeksiranje prilikom klasifikacije
naucnih casopisa. Podaci sa interneta citiraju se uz navodenje datuma pristupa
tim podacima.

PREDVIDEN BROJ STRANICA ZA RAD SA SVIM PRILOZIMA

1. Uvodnici — do 5 strana: misljenja ili diskusiju o posebno znacajnoj temi za
Casopis, kao i 0 podacima koji su $tampani u ovom ili nekom drugom ¢asopisu.
Obicno ih pide jedan autor po pozivu.

2. Originalni clanci — do 12 strana. Predstavljaju rezultate istraZivanja autora
rada i njihovo tumacenje. IstraZivanje treba da bude obradeno i izloZeno na
nacin da se mozZe ponoviti, a analiza rezultata i zakljuci jasni da bi se mogli
proveriti.

3. Pregledni clanci — do 10 strana. Predstavljaju sistematsko, sveobuhvatno i
kriticko izlaganje problema na osnovu analiziranih i diskutovanih podataka iz
literature, a koji oslikavaju postojecu situaciju u odredenom podrudju istrazi-
vanja. Literatura koja se koristi u radu mora da sadrZi najmanje 3 rada autora
¢lanka iz uze naucne oblasti koja je opisana u radu.

4. Prethodna ili kratka saopstenja — do 4 strane. SadrZe izuzetno vazne na-
ucne rezultate koje bi trebalo objaviti u Sto kratem vremenu. Ne moraju da
sadrZe detaljan opis metodologije rada i rezultata, ali moraju da imaju sva
poglavlja kao originalni ¢lanci u sazetoj formi.

5. Strucni ¢lanci — do 10 strana. Odnose se na proveru ili prikaz prethodnog
istraZivanja i predstavljaju koristan izvor za Sirenje znanja i prilagodavanja ori-
ginalnog istraZivanja potrebama postojece nauke i prakse.

6. Prikazi slucajeva — do 6 strana. Opisuju retke slucajeve iz prakse. Sli¢ni su
strucnim ¢lancima. U ovim radovima prikazuju se neuobicajeni oblici i tokovi
oboljenja, neocekivane reakcije na primenjenu terapiju, primene novih dija-
gnostickih procedura ili retke i nove bolesti.

7. Clandi iz istorije medicine — do 10 strana. Ovi ¢landi opisuju dogadaje iz
proslosti sa ciliem da omoguce ocuvanje medicinske i zdravstvene kulture.
Imaju karakter strunih ¢lanaka.

8. Ostali clanci — prikazi knjiga, izvodi iz strane literature, izvestaji sa kongresa
i strucnih sastanaka, saopstenja o radu pojedinih zdravstvenih organizacija,
podruznica i sekcija, saop3tenja Urednistva, pisma Urednistvu, novosti u me-
dicini, pitanja i odgovori, strucne i naucne vestii ¢lanci napisani u znak secanja
(In memoriam).

Original papers must account for at least 80% of the total number of ref-
erences, i.e. the number of cited books, book chapters, and reviews must be less
than 20%. Citing abstracts is not permitted. If it is important to comment on re-
sults that have been published only in the form of an abstract, it is necessary to
cite this in the text of the paper. References to articles that have been accepted for
publication but have not yet been published should be marked “in press”and proof
of acceptance of the paper for publication should be attached.

Information about the literature used in the paper is indicated in the text
by Arabic numerals in square brackets, e.g. [1,2], in the order in which they ap-
pear in the text. References are cited according to the Vancouver style (Uniform
Requirements for Manuscripts Submitted to Biomedical Journals), established by
the International Committee of Medical Journal Editors (http.//www.icmje.org),
whose format is used by the U.S. National Library of Medicine and scientific publi-
cation databases. Examples of citations of publications (articles, books and other
monographs, electronic, unpublished and other published material) are available
at http://www.nlm.nih.gov/bsd/uniform__ requirements.html. When citing litera-
ture, it is very important to abide by the mentioned standard, because it is one of
the most important indexing factors when classifying scientific journals. Online
data is cited with the date of access to that data.

NUMBER OF PAGES FOR THE PAPER (WITH ALL ATTACHMENTS)

1. Editorials (up to 5 pages) present opinions or discussions on a particularly rele-
vant topic for the Journal, as well as on data published in this or other journals.
They are usually written by one author, by invitation.

2. Original articles (up to 12 pages) present the results of the research of the
authors of the paper and their interpretation. The research should be processed
and presented in a way that can be repeated, and the analysis of results and
conclusions should be clear so that they can be verified.

3. Reviews (up to 10 pages) represent the systematic, comprehensive and critical
presentation of a problem on the basis of analyzed and discussed data from
literature, which reflect the state of the science in a particular area of research.
The literature used in the paper must contain at least 3 papers by the author of
the article from the specific scientific field addressed in the paper.

4. Preliminary and short communications (up to 4 pages) contain extremely
important scientific results that should be published as soon as possible. They do
not have to contain a detailed description of the methodology and results, but
they must contain all the same sections as original articles, in a concise form.

5. Professional articles (up to 10 pages) refer to the verification or presentation of
previous research; they represent a useful means of disseminating knowledge and
adapting original research to the needs of existing science and practice.

6. Case report (up to 6 pages) describe rare cases from practice and are similar
to professional articles. These papers present unusual forms and courses of dis-
ease, unexpected reactions to the applied therapy, application of new diagnos-
tic procedures, or rare and new diseases.

7. History of medicine articles (up to 10 pages) describe developments from
the past, with the aim of preserving medical and health culture. They have the
same form as professional articles.

8. Other articles — book reviews, excerpts from foreign literature, reports from
congresses and professional conferences, statements on the operation of health
organizations, branches and sections, editorial statements, letters to the edi-
torial board, medical news, questions and answers, professional and scientific
news and articles written in commemoration (in memoriam).
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U POSTUPKU PRIJAVE

U postupku prijave neophodno je da se naglasi kojoj kategoriji rad pripada:

uvodnik, strucni rad, originalni rad, prethodna ili kratka saopstenja, pregledni

¢lanak, prikaz sluaja, prikaz serije slucajeva, ¢lanak iz istorije medicine i drugo.
Uz rad neophodno je da se posalje:

1) saglasnost svih autora, da rad nije delimicno ili u celini objavljen, poslat ili
prihvacen za Stampu u drugom ¢asopisu,

2) potpisana izjava svih autora da su rukopis proitali i odobrili za objavljivanje u
Casopisu sa navodenjem njihovog doprinosa u realizaciji istrazivanja i pisanja
rada,

3) izjava o nepostojanju sukoba interesa.

Autori su duzni da se pridrZavaju etickih standarda koji se odnose na naucnoistra-
Zivacki rad. (The Declaration of Helsinki, The Basel Declaration, Good Laboratory
Practice, Good Clinical Practice, ICMJE guidelines).

INTHE SUBMISSION PROCEDURE

in the submission procedure it is necessary to point out which category the paper

belongs to: editorial, professional paper, original paper, preliminary or short com-

munications, review article, case review, case series review, paper on the history
of medicine, or other.
Together with the paper, it is necessary to include:

1) singed statements of all the authors that the work has not been partially or
entirely published, sent or accepted for publication in another journal;

2) signed statements of all authors that they have read the manuscript and ap-
proved it for publication in the Journal, stating their contribution to the study
or the writing of the paper,

3) a declaration on absence of conflict of interest.

It is the responsibility of each author to ensure that manuscripts submitted to
Srpski medicinski casopis Lekarske komore are written in accordance with ethical
standards (The Declaration of Helsinki, The Basel Declaration, Good Laboratory Prac-
tice, Good Clinical Practice, ICMJE quidelines).

434

Decembar 2025. | Volumen 6 / Broj 4 | SRPski MEDICINSKI CASOPIS LEKARSKE KOMORE



CIP - Katanorusauuja y ny6nvkauumju
HapopnHa 6ubnuoteka Cpbuje, beorpag

61

SRPSKI medicinski ¢asopis Lekarske komore
= Serbian journal of the Medical chamber / glavni i odgovorni urednik Milena Santri¢-Milicevi¢. - [Stampano
izd.]. -Vol. 1, br. 1 (sep. 2020)- .- Beograd : Lekarska komora Srbije, 2020- (Beograd : Birograf Comp). - 30 cm

Tromesecno. - Drugo izdanje na drugom medijumu:

Srpski medicinski ¢asopis Lekarske komore (Online) = ISSN 2737-9752

ISSN 2737-971X = Srpski medicinski ¢asopis Lekarske komore (Stampano izd.)
COBISS.SR-ID 19685641







