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JZdravlje je glavni uslov da covek svoju metu postize.”
Vasa Pelagi¢

Postovane koleginice i kolege,

Priblizavajuci se petogodisnjici izlaZzenja prvog broja Srpskog medicinskog ¢asopisa Lekarske komo-
re, Urednistvo sa zadovoljstvom isti¢e da je u tom periodu publikovano vise od 200 stru¢no-naucnih ra-
dova i prikaza knjiga sa razli¢citom tematikom iz prakti¢no svih oblasti medicinskih nauka. Ostvarili smo
stratesko partnerstvo sa Institutom za medicinska istraZivanja Univerziteta u Beogradu, koji je postao
suizdavac naseg Casopisa. Zalaganjem UrednisStva da se odrzi visok kvalitet objavljenih rukopisa i da se
izvrsi njihova pravilna i potpuna recenzija, kao i da se postuju svi drugi kriterijumi koji obezbeduju vre-
dan stru¢no-naucni doprinos, Casopis je, 2023. godine, upisan na Listu kategorisanih nau¢nih ¢asopisa
Ministarstva nauke, tehnoloskog razvoja i inovacija.

Prvih pet godina postojanja Casopisa nisu bile ni lake ni jednostavne. Stoga, sa posebnim ponosom
isticemo da smo i u vreme pandemije KOVID-19 oboljenja, i tokom sustinskih i organizacionih promena
u cilju poboljdanja i osavremenijivanja strukture i kvaliteta samog Casopisa, kao i sada, u svetlu skoras-
njih, veoma dinamicnih svetskih i lokalnih deSavanja, istrajali u svom primarnom cilju: stru¢nom i nauc-
nom promovisanju zdravlja pojedinca i nacije kao jedne od najvaznijih drustvenih kategorija.

U broju koja je pred vama, predstavljamo originalne radove nasih uvazenih koleginica iz Angole,
Tereze Vilunge Cituko Kandido i Franciske da Karidade Feliks Citange, u kojima su prikazana iskustva iz
oblasti javnog zdravlja i upravljanja kadrovskim i informacionim aspektima zdravstvenog sistema ove
zemlje.

Kristina Jevremovic i saradnici, u svom originalnom radu, prikazuju inicijalne rezultate svog istraziva-
nja o inhibitornom dejstvu probiotskih bakterija na rast i razvoj uzroc¢nika lajmske borelioze.

Pregledni rad Biljane Dordevic¢ i saradnika bavi se karakteristikama reproduktivnog bioekonomskog
trzista, dok se u preglednom radu Milene S. Pandrc i Vanje Kostovski razmatraju razliciti aspekti antiishe-
mijske terapije u lec¢enju hroni¢nog koronarnog sindroma.

Sanja Momcilovic¢ i saradnici donose nam veoma zanimljiv pregled znacaja interakcije mezenhimal-
nih mati¢nih celija i makrofaga u inflamatornoj mikrosredini.

Dolika D. Vasovi¢ i saradnici saopstavaju prikaz slucaja melanocitoma glave opti¢kog nerva uz juk-
stapapilarni nevus horioideje, uporedujuci svoje iskustvo sa pregledom literature.
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EDITORIAL

“The fundamental prerequisite for a person to reach their goal is health.”
Vasa Pelagic¢

Dear colleagues,

As the fifth anniversary of the first issue of the Serbian Journal of the Medical Chamber approaches, the
Editorial Board is pleased to highlight that over 200 professional and scientific papers, as well as book re-
views, on various topics from virtually all fields of medical science, have been published during this period.
We have established a strategic partnership with the Institute for Medical Research of the University of Bel-
grade, which has become a co-publisher of our journal. Thanks to the Editorial Board’s commitment to main-
taining the high quality of published manuscripts, ensuring proper and thorough peer review, and adhering
to all other criteria necessary to provide valuable professional and scientific contributions, the Journal was
included in the List of Categorized Scientific Journals by the Serbian Ministry of Science, Technological De-
velopment and Innovation, in 2023.

The first five years of the Journal were neither easy nor simple. Therefore, we take particular pride in
emphasizing that—even during the COVID-19 pandemic, throughout essential and organizational chang-
es aimed at improving and modernizing the structure and quality of the Journal itself, and now, in light of
recent dynamic global and local events—we have remained steadfast in our primary goal: the professional
and scientific promotion of individual and national health as one of the most important societal values.

In the current issue of the Journal, we present original articles by our esteemed colleagues from Angola,
Teresa Vilunga Chituko Candido and Francisca da Caridade Felix Chitanga, which showcase the experiences
in the areas of public health, as well as human resource and health system information management, within
the country's healthcare system.

In their original article, Kristina Jevremovic et al. present the initial results of their research on the inhibi-
tory effect of probiotic bacteria on the growth and development of the causative agents of Lyme borreliosis.

The review article by Biljana Dordevic et al. explores the characteristics of the reproductive bioeconomy
market, while the review article by Milena S. Pandrc and Vanja Kostovski discusses various aspects of an-
ti-ischemic therapy in the treatment of chronic coronary syndrome.

Sanja Momcilovi¢ et al. present a compelling review of the significance of the interaction between mes-
enchymal stem cells and macrophages within the inflammatory microenvironment.

Dolika D. Vasovi¢ et al. report a case of melanocytoma of the optic nerve head coexisting with juxtapap-
illary choroidal nevus, comparing their findings with a review of the literature.
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Aleksandra Petrovi¢ i saradnici prikazuju slucaj le¢enja teske otvorene povrede stopala sadejstvom
rekonstruktivnih hirurskih tehnika, vakuum-asistiranog zatvaranja rana i ortobioloskih agenasa, dok Da-
nilo Jeremic i saradnici saopstavaju prikaz dva slucaja revizione totalne artroplastike kolena, upotrebom
implanta sa dizajnom rotirajuce Sarke.

Na kraju, Jadran B. Erci¢ daje kratak pregled istorije klasifikovanja i le¢enja jednog od naj¢escih pre-
loma u kostano-zglobnoj traumatologiji — preloma donjeg okrajka zbice na tipicnom mestu.

U ime Urednistva i u svoje licno ime, ljubazno vas pozivam na saradnju sa nasim ¢asopisom, uz naj-
lepse zelje za li¢no i porodi¢no zdravlje.

S postovanjem,
Zamenik glavnog i odgovornog urednika
Prof. dr Goran Tuli¢
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Aleksandra Petrovic et al. present a case of complex open foot injury treatment through the combined
use of reconstructive surgical techniques, vacuum-assisted wound closure, and orthobiologic agents, while
Danilo Jeremi¢ et al. report two cases of revision total knee arthroplasty using a rotating hinge implant de-
sign.

Finally, Jadran B. Erci¢ offers a brief overview of the history of classification and treatment of one of the
most common fractures in bone and joint traumatology — distal radius fracture at a typical site.

On behalf of the Editorial Board and in my personal capacity, | kindly invite you to contribute to our jour-
nal, while extending my best wishes for your personal health and that of your family.

Sincerely,
Deputy Editor-in-Chief
Prof. Goran Tuli¢, MD, PhD
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|IZAZOVI U UPRAVLJANJU ZDRAVSTVENIM KADROVIMA U
PROCESU OSTVARIVANJA UNIVERZALNE POKRIVENOSTI

ZDRAVSTVENOM ZASTITOM U ANGOLI

ORIGINAL ARTICLE

CHALLENGES IN MANAGING THE HEALTH WORKFORCE
FOR UNIVERSAL HEALTH COVERAGE IN ANGOLA

Teresa Vilunga Chituko Candido’?

' Univerzitet u Beogradu, Medicinski fakultet, Beograd, Srbija

2 Univerzitet u Beogradu, Fakultet organizacionih nauka,
Master studije, Beograd, Srbija

SAZETAK

Uvod: Upravljanje ljudskim resursima u zdravstvu je od sustinskog znacaja za postizanje
univerzalne pokrivenosti zdravstvenom zastitom, posebno u zemljama koje se suocavaju
sa znacajnim strukturnim izazovima, kao 3to je Angola.

Cilj: Ova studija ima za cilj da opise izazove u upravljanju zdravstvenim kadrom koji se
javljaju u procesu ostvarivanja univerzalne pokrivenosti zdravstvenom zastitom u Angoli.
Materijali i metode: Izvrien je narativni pregled literature zasnovan na sekundarnim
izvorima, ukljucujuéi nau¢nu literaturu i zvanicne izvestaje objavljene na engleskom i
portugalskom jeziku u periodu od 2019. do 2023. godine. Podaci su prikupljeni i iz doku-
menata nacionalnih i medunarodnih zdravstvenih organizacija, sa fokusom na statistiku
stanovnistva, zdravstvene indikatore i informacije o zdravstvenom kadru.

Rezultati: Angola ima vise od 36,7 miliona stanovnika, a projekcije pokazuju da bi se taj
broj mogao udvostruciti do 2050. godine. Stopa pokrivenosti uslugama zdravstvene zastite
iznosi priblizno 45%, $to znadi da oko 20 miliona ljudi nema osnovni pristup zdravstvenoj
zastiti. Kada je re€ o zdravstvenim indikatorima, 15% stanovnistvaima katastrofalne zdrav-
stvene troskove, a 30% Zivi u ekstremnom siromastvu. Ocekivani Zivotni vek pri rodenju je
62,1 godina (2021.). Incidencija tuberkuloze dostigla je 339 slucajeva na 100.000 stanovni-
ka, u 2023. godini, dok je incidencija malarije iznosila 235,9 sluajeva na 1.000 stanovnika,
u 2022. godini. Smrtnost dece mlade od pet godina iznosila je 66,87 na 1.000 Zivorodene
dece, a neonatalna smrtnost je bila 26,03 na 1.000 Zivorodene dece, u istoj godini. Mater-
nalna smrtnost iznosila je 221,9 na 100.000 Zivorodenih beba, u 2020. godini. Glavni uzroci
smrti u 2021. godini su bile respiratorne infekcije, malarija i tuberkuloza. Ocekuje se da ce
do 2025. godine, 1,6 miliona ljudi viSe imati bolje zdravstveno stanje, a 2,7 miliona vise ce
biti pokriveno uslugama osnovne zdravstvene zastite, u poredenju sa 2018. godinom. U
2021. godini, nacionalna zdravstvena mreza sastojala se od 6.930 ustanova (3.162 javnih i
3.768 privatnih zdravstvenih ustanova) i viSe od 100.000 zdravstvenih radnika, ukljucujuci
7.716 lekara, 51.216 medicinskih sestara i 12.177 tehnicara. Gustina rasporedenosti zdrav-
stvenog kadra na 10.000 stanovnika je bila: 2,48 lekara, 16,45 sestara i 3,91 tehnicar.
Zakljucak: Univerzalna pokrivenost zdravstvenom zastitom u Angoli ne moze se postici
bez znacajnih i stalnih ulaganja u obucavanje, zadrzavanje i pravi¢nu raspodelu zdrav-
stvenih radnika. Neophodno je obezbediti prisustvo ovih stru¢njaka u urbanim i rural-
nim podrucjima, kao i u ekonomski ugroZenim regionima. Jacanje upravljanja ljudskim
resursima je od klju¢nog znacaja za reSavanje zdravstvenih i drustvenih izazova u zemlji.

Kljucne redi: upravljanje, ljudski resursi u zdravstvu, univerzalna pokrivenost
zdravstvenom zastitom, Angola
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ABSTRACT

Introduction: Human resource management in health is essential to achieving univer-
sal health coverage, particularly in countries facing significant structural challenges, such
as Angola.

Study aim: This study aims to describe the challenges in managing the health workforce
for universal health coverage in Angola.

Materials and methods: A narrative literature review was conducted using secondary
sources, including scientific literature and official reports published in English and Portu-
guese between 2019 and 2023. Data were collected from documents issued by national
and international health organizations, focusing on population statistics, health indica-
tors, and information regarding the health workforce.

Results: Angola has a population of over 36.7 million, which is projected to double by
2050. The health service coverage rate is approximately 45%, leaving about 20 million
people without basic access. In terms of health indicators, 15% of the population faces
catastrophic health expenditures, while 30% live in extreme poverty. In 2021, life ex-
pectancy at birth was 62.1 years. In 2023, tuberculosis incidence reached 339 cases per
100,000 inhabitants, while in 2022, malaria incidence was 235.9 cases per 1,000 inhabi-
tants. Under-five mortality was 66.87 per 1,000 live births in 2022, and neonatal mortal-
ity was 26.03 per 1,000 live births in the same year. Maternal mortality stood at 221.9 per
100,000 live births in 2020. The main causes of death in 2021 were respiratory infections,
malaria, and tuberculosis. By 2025, it is estimated that 1.6 million more people will have
better health conditions, and 2.7 million more people will be covered by essential health
services, as compared to 2018. In 2021, the national health network comprised 6,930 fa-
cilities (3,162 publicand 3,768 private healthcare facilities) and more than 100,000 health
professionals, including 7,716 physicians, 51,216 nurses, and 12,177 technologists. The
density of healthcare workers per 10,000 inhabitants was 2.48 doctors, 16.45 nurses, and
3.91 technologists.

Conclusions: Universal health coverage in Angola cannot be achieved without signifi-
cant and sustained investment in the training, retention, and equitable distribution of
health professionals. It is essential to ensure the presence of these professionals in both
urban and rural areas, as well as in economically disadvantaged regions. Strengthening
human resource management is crucial to addressing the country’s health and social
challenges.

Keywords: management, human resources for health, universal health coverage, Angola
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RESUMO

Introdugao: gestao de recursos humanos em satide é essencial para alcancar a cobertura universal de sadde, especialmente em paises que enfrentam desafios estru-
turais significativos, como Angola.

Objetivos: Este estudo tem como objetivo descrever os desafios na gestdo da forca de trabalho em satide para a cobertura universal de satide em Angola.

Métodos: Foi realizada uma revisar narrativa com base em fontes secunddrias, incluindo literatura cientifica e relatdrios oficiais publicados em inglés e portugués entre
2019 e 2023. 0s dados foram coletados a partir de documentos emitidos por organizacdes nacionais e internacionais de satide, com foco em estatisticas populacionais,
indicadores de salide e informagdes sobre a forca de trabalho em satde.

Resultados: Angola possui uma populagao de mais de 36,7 milhdes de habitantes, com proje¢des que indicam a duplicacdo desse nimero até 2050. A taxa de cobertu-
ra dos servicos de salide é de aproximadamente 45%, deixando cerca de 20 milhdes de pessoas sem acesso bdsico. Em relagdo aos indicadores de satide, 15% da popu-
lacao enfrenta gastos catastréficos com satde, e 30% vive em extrema pobreza. A expectativa de vida ao nascer era de 62,1 anos em 2021. A incidéncia de tuberculose
alcangou 339 casos por 100.000 habitantes em 2023, enquanto a maldria teve uma incidéncia de 235,9 casos por 1.000 habitantes em 2022. A mortalidade em menores
de cinco anos foi de 66,87 por 1.000 nascidos vivos e a mortalidade neonatal foi de 26,03 por 1.000 nascidos vivos, ambas em 2022. A mortalidade materna foi de 221,9
por 100.000 nascidos vivos em 2020. As principais causas de morte em 2021 foram infeccdes respiratdrias, maldria e tuberculose. Até 2025, estima-se que 1,6 milhao
de pessoas terao melhores condicdes de sadde e que 2,7 milhdes estardo cobertas por servicos essenciais de satide, em comparagao com 2018. Em 2021, a rede nacional
de satide era composta por 6.930 unidades (3.162 publicas e 3.768 privadas) e mais de 100.000 profissionais de satde, incluindo 7.716 médicos, 51.216 enfermeiros e
12.177 técnicos. A densidade por 10.000 habitantes era de 2,48 médicos, 16,45 enfermeiros e 3,91 técnicos.

Conclusdes: A cobertura universal de satide em Angola ndo pode ser alcancada sem investimentos significativos e sustentados na formacao, retencao e distribuicdo
equitativa de profissionais de salide. E essencial garantir a presenca desses profissionais tanto em dreas urbanas quanto rurais, e em regides economicamente desfavo-

recidas. O fortalecimento da gestao de recursos humanos € crucial para enfrentar os desafios sociais e de sadde do pais.
Palavras-chave: gestdo, recursos humanos em salide, cobertura universal de satide, Angola

uvoD

Univerzalna pokrivenost zdravstvenom zastitom (UPZ)
jedan je od glavnih globalnih ciljeva definisanih u okvi-
ru Ciljeva odrzivog razvoja (COR) Ujedinjenih nacija,
posebno u okviru COR 3, koji tezi da obezbedi zdrav
Zivot i promovise dobrobit za sve ljude, u svim zivot-
nim dobima. UPZ podrazumeva pravican pristup kva-
litetnim zdravstvenim uslugama, pri ¢emu pojedinci
ne trpe finansijske teskoce. Da bi se ovaj cilj ostvario,
neophodno je postojanje dovoljnog broja ravnomerno
rasporedenog kvalifikovanog zdravstvenog kadra [1].
Medutim, mnogi zdravstveni sistemi Sirom sveta —
kako u razvijenim, tako i u zemljama u razvoju — suoca-
vaju se sa ozbiljnim izazovima u upravljanju ljudskim
resursima u zdravstvu. Povecana potraznja za zdrav-
stvenim uslugama, u kombinaciji sa budzetskim ogra-
ni¢enjima i neefikasnim modelima upravljanja, dovela
je do znacajnog nedostatka kadrova u razli¢itim kon-
tekstima [2]. Svetska zdravstvena organizacija (SZO)
procenjuje da ¢e, do 2030. godine, svetu nedostajati iz-
medu 10i 15 miliona zdravstvenih radnika [1,2]. Medu-
narodni centar za migraciju medicinskih sestara (engl.
International Centre on Nurse Migration — ICNM) predvi-
da manjak od 13 miliona medicinskih sestara u istom
periodu [3]. Ovaj nedostatak ne pogada samo zemlje
sa niskim prihodima. U Evropi, na primer, 18 od 30 ze-
malja je prijavilo manjak medicinskih sestara, dok je 13
zemalja prijavilo deficit lekara opste prakse [4].
Nedavna istrazivanja pokazuju da ¢e biti potrebno
dodatnih 43 miliona zdravstvenih radnika — 31 milion
medicinskih sestara i viSe od 6 miliona lekara - kako bi
se ostvarila univerzalna pokrivenost zdravstvenom za-
titom na globalnom nivou [4]. Najveci nedostaci kon-

INTRODUCTION

Universal Health Coverage (UHC) is one of the main
global goals defined within the United Nations Sus-
tainable Development Goals (SDGs), specifically within
SDG 3, which aims to ensure healthy living and pro-
mote well-being for all people at all ages. UHC implies
equitable access to quality health services without fi-
nancial hardship for individuals. To achieve this goal,
it is essential to have a sufficient number of evenly dis-
tributed qualified health workers [1].

However, many health systems around the world,
both in developed and developing countries, are fac-
ing serious challenges in managing human resources
in healthcare. The growing demand for health ser-
vices, combined with budget constraints and ineffi-
cient management models, has led to a significant
workforce shortage in various contexts [2]. The World
Health Organization (WHO) estimates that by 2030,
there will be a global shortage of between 10 and 15
million health workers [1,2]. The International Centre
on Nurse Migration (ICNM) predicts a shortage of 13
million nurses during the same period [3]. This short-
age does not affect only low-income countries. In Eu-
rope, for example, 18 out of 30 countries have reported
a shortage of nurses, while 13 countries have reported
a deficit of general practitioners [4].

Recent studies have shown that an additional 43
million health workers — 31 million nurses and over 6
million doctors — will be needed, in order to achieve
universal coverage globally [4]. The most severe short-
ages have been recorded in Sub-Saharan Africa, South-
east Asia, North Africa, and the Middle East. Currently,
more than 130 countries face a shortage of doctors,
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centrisani su u Podsaharskoj Africi, Jugoisto¢noj Aziji,
Severnoj Africi i na Bliskom Istoku. Trenutno vise od
130 zemalja ima manjak lekara, a vise od 150 suocava
se sa deficitom medicinskih sestara [4]. Medunarodna
konkurencija u potraznji zdravstvenih radnika dodatno
otezava njihovo zadrzavanje u zemljama sa niskim pri-
hodima, narocito zbog migracije u razvijene zemlje koje
nude bolje uslove rada i vidu zaradu [5,6]. Ovu situaciju
dodatno komplikuju finansijski izazovi sa kojima se su-
ocavaju mnogi javni zdravstveni sistemi koji nisu u mo-
gucnosti da obezbede adekvatne uslove rada, Sto utice
na motivaciju i zadrzavanje zdravstvenih radnika [5].

Problemi nedostatka zdravstvenog kadra i loSeg
upravljanja ovim resursom su ¢esti, kako u razvijenim
tako i u zemljama u razvoju, s tendencijom pogorsanja
u narednim godinama, $to zahteva inovativna i fleksi-
bilna resenja [7].

U kontekstu Angole, ovi izazovi su jo3 izrazeniji. An-
gola, zemlja u Podsaharskoj Africi sa oko 36,7 miliona
stanovnika, suocava se sa dubokim regionalnim nejed-
nakostima u pristupu zdravstvenim uslugama i raspodeli
zdravstvenih radnika [4,8]. Pokrivenost zdravstvenim
uslugama i dalje je ogranicena, a zdravstveni indikatori
ukazuju na visoke stope smrtnosti majki, dece i smrti koje
se mogu spreciti. Zdravstveni sistem Angole ima ozbiljne
poteskoce zbog nedostatka kvalifikovanih kadrova, kako
po broju, tako i po strué¢nosti, $to ugrozava kapacitet si-
stema da odgovori na osnovne potrebe stanovnistva.

Prema podacima Ministarstva zdravlja (port. Mini-
stério da Saude da Republica de Angola — MINSA), Ango-
la belezi znacajan deficit zdravstvenih radnika u pore-
denju sa medunarodnim standardima, $to pogada sve
provincije [9]. Primer za to je provincija Kabinda, gde je
odnos medicinskih sestara prema lekarima 8,6 prema
1[9,10].

Ova situacija je prepoznata u Nacionalnom planu
razvoja zdravstva (pt. Plano Nacional de Desenvolvimen-
to Sanitdrio - PNDS) (2012-2025), koji isti¢e nedostatak
ljudskih resursa kao faktor rizika za odrzivost sistema.
Kao odgovor, Nacionalni program za upravljanje ljud-
skim resursima u zdravstvu definisao je strategije kao
$to su jacanje upravljanja i planiranja, unapredenje ras-
podele i obuke (osnovne i kontinuirane) zdravstvenih
radnika i razvoj vestina rukovodenja [11]. Ipak, efika-
snost ovih mera je ograni¢ena zbog niskih plata, nedo-
statka podsticaja i neprivla¢nih uslova rada.

Godine 2012, samo 44,6% stanovnistva je ima-
lo stalni pristup zdravstvenim uslugama, dok je 2017.
godine taj broj iznosio tek polovinu ukupnog stanov-
nistva [8,9,11]. lako su zabelezeni pomaci u pogledu
infrastrukture i stru¢nog obrazovanja, neujednacena
distribucija lekara, medicinskih sestara i tehnicara, kao i
teSkoce u njihovom zadrzavanju u ruralnim i udaljenim

and over 150 are experiencing a deficit of nurses [4].
International competition for health workers further
complicates retention in low-income countries, partic-
ularly due to migration to developed nations offering
better working conditions and higher salaries [5,6].
This situation is further exacerbated by financial chal-
lenges faced by many public health systems, which are
often unable to provide adequate working conditions.
This, consequently, impacts both the motivation and
retention of health workers [5].

The issues of health workforce shortages and poor
management of this resource are common in both de-
veloped and developing countries, with a tendency to
worsen in the coming years, which calls for innovative
and flexible solutions [7].

In the context of Angola, these challenges are even
more pronounced. Angola, a Sub-Saharan African
country with a population of approximately 36.7 mil-
lion, faces deep regional inequalities regarding access
to health services and the distribution of health work-
ers [4,8]. Health services coverage remains limited, and
health indicators show high rates of maternal and child
mortality, as well as high rates of preventable deaths.
Angola’s health system is struggling due to a shortage
of qualified personnel, both in terms of numbers and
expertise, which undermines the system’s capacity to
meet the basic needs of the population.

According to data provided by the Ministry of Health
(Pt. Ministério da Saude da Republica de Angola — MINSA),
Angola is experiencing a significant shortage of health
workers in all its provinces, as compared to international
standards [9]. An example of this is the province of Cab-
inda, where the nurse-to-doctor ratio is 8.6 to 1 [9,10].

This situation has been recognized by the Nation-
al Health Development Plan (Pt. Plano Nacional de
Desenvolvimento Sanitdrio - PNDS) (2012-2025), which
highlights the shortage of human resources as a risk
factor for the sustainability of the system. In response,
the Human Resources for Universal Health Coverage
in Angola program has defined strategies, including
strengthening management and planning, improving
the distribution and training (both basic and contin-
uous) of health workers, and developing leadership
skills [11]. However, the effectiveness of these mea-
sures is limited due to low salaries, lack of incentives,
and unattractive working conditions.

In 2012, only 44.6% of the population had regular
access to health services, while in 2017, this was true
for only half of the total population [8,9,11]. Although
there has been progress in terms of infrastructure and
professional training, the uneven distribution of doc-
tors, nurses, and technologists, as well as the difficul-
ties in retaining medical professionals in rural and re-
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oblastima, i dalje su ozbiljna prepreka za postizanje uni-
verzalne pokrivenosti zdravstvenom zastitom u Angoli.

Cilj ovog rada je da opiSe izazove u upravljanju
zdravstvenim kadrovima u kontekstu ostvarivanja uni-
verzalne pokrivenosti zdravstvenom zastitom u Angoli.

MATERUALI I METODE

Ova studija predstavlja narativni, deskriptivni pregled
literature, zasnovan na analizi sekundarnih podataka
preuzetih iz naucne literature i zvani¢nih dokumenata,
sa ciljem da opiSe izazove u upravljanju zdravstvenim
kadrom koji se javljaju u procesu ostvarivanja univer-
zalne pokrivenosti zdravstvenom zastitom u Angoli.

Pretrazivanje dokumenata sprovedeno je izme-
du februara i aprila 2025. godine, koris¢enjem baza
podataka PubMed, SciELO i Google Scholar, kao i insti-
tucionalnih portala Svetske zdravstvene organizacije
(https://data.who.int/countries/024) i regionalne AFRO
i AHO baze (https://aho.afro.who.int/data-and-statisti-
cs/af). Takode su konsultovani dokumenti Ministarstva
zdravlja Angole (MINSA) i Nacionalnog instituta za sta-
tistiku (pt. Instituto Nacional de Estatistica — INE).

U sklopu strategije pretrazivanja, primenjeni su de-
skriptori na portugalskom i engleskom jeziku, koji su
kombinovani pomoc¢u Bulovih operatora, a ukljucivali
su termine: human resources in health, health workfor-
ce, health workers, health governance, universal health
coverage, health system Angola, gestdo de recursos hu-
manos em saude i cobertura universal de saude Angola’.

U pregled literature su uklju¢eni dokumenti objav-
lijeni izmedu 2019. i 2024. godine, na portugalskom ili
engleskom jeziku, koji se direktno bave upravljanjem
ljudskim resursima u zdravstvu u kontekstu univerzal-
ne pokrivenosti zdravstvenom zastitom u Angoli ili u
zemljama sa sli¢nim socioekonomskim uslovima. Is-
klju¢eni su dokumenti koji nisu bili direktno relevantni
za datu temu ili nisu bili iz priznatih institucionalnih
izvora.

Podaci su organizovani na osnovu kompletne ana-
lize odabranih dokumenata, uz izdvajanje informacija
metodom trazenja podataka bez unapred definisane
hipoteze (engl. data fishing) i uz primenu tematske
kategorizacije. Analiza je sprovedena kvalitativno i
deskriptivno, sa fokusom na identifikaciju obrazaca i
nedostataka u vezi sa distribucijom obucenoscu, zadr-
Zavanjem, i kontinuiranom edukacijom zdravstvenih
radnika, kao i u vezi sa regionalnim nejednakostima i
predlozima javnih politika.

1 Termini na engleskom i portugalskom imaju sledece znacenje (redom kojim
su navedeni u tekstu): ljudski resursi u zdravstvu, zdravstveni kadar, zdravst-
veni radnici, upravljanje zdravstvom, univerzalna pokrivenost zdravstvenom
zastitom, zdravstveni sistem Angole, upravljanje ljudskim resursima u zdravst-
vu, univerzalna pokrivenost zdravstvenom zastitom u Angoli (prim. prev.)

mote areas, remain significant obstacles to achieving
universal health coverage in Angola.

This paper aims to describe the challenges in health
workforce management in the context of achieving
universal health coverage in Angola.

MATERIALS AND METHODS

This study presents a narrative, descriptive review of
the literature, based on the analysis of secondary data
obtained from scientific literature and official docu-
ments, with the aim of describing the challenges in
health workforce management that arise in the pro-
cess of achieving universal health coverage in Angola.

The document search was conducted between Feb-
ruary and April 2025, using the PubMed, SciELO, and
Google Scholar databases, as well as the World Health
Organization institutional portals (https://data.who.int/
countries/024) and the regional AFRO and AHO data-
bases (https://aho.afro.who.int/data-and-statistics/af).
Documents issued by the Ministry of Health of Angola
(MINSA) and the National Institute of Statistics (Pt. Insti-
tuto Nacional de Estatistica — INE) were also consulted.

As part of the search strategy, descriptors in Portu-
guese and English were used and were combined with
Boolean operators. They included the following terms:
human resources in health, health workforce, health
workers, health governance, universal health cover-
age, health system Angola, gestdo de recursos humanos
em saude', and cobertura universal de satide Angola?.

The literature review included documents pub-
lished between 2019 and 2024, in Portuguese or En-
glish, that directly address human resources manage-
ment in health in the context of universal health cover-
age in Angola or countries with similar socioeconomic
conditions. Documents that were not directly relevant
to the topic or not issued by recognized institutional
sources were excluded.

The data were organized based on a comprehensive
analysis of the selected documents, with information
extracted using the method of data fishing (i.e., data
dredging - searching for data without a predefined
hypothesis) and applying thematic categorization. The
analysis was conducted qualitatively and descriptively,
with a focus on identifying patterns and shortcomings
related to the distribution, training, retention, and con-
tinuous education of health workers, as well as regional
inequalities and public policy recommendations.

The results are presented in tables and graphs.
Where applicable, quantitative data from official re-
ports are shown as mean values with a 95% confidence
interval (95% CI).

1 human resources management in health
2 universal health coverage in Angola
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Rezultati su predstavljeni tabelarno i graficki. Tamo
gde je to primenljivo, kvantitativni podaci iz zvani¢nih
izvestaja prikazani su kao srednje vrednosti sa interva-
lom poverenja od 95% (95% Cl).

REZULTATI

Godine 2023, populacija Angole procenjena je na pribliz-
no 36,7 miliona, sa predvidenim rastom na 74,3 miliona
do 2050. godine, uz godisnju stopu rasta od 3,8% [8].

Tabela 1. Univerzalna pokrivenost zdravstvenom zastitom u Angolii regionalna
poredenja (2022)

RESULTS

In 2023, the population of Angola was estimated at ap-
proximately 36.7 million, with a projected increase to
74.3 million by 2050, reflecting an annual growth rate
of 3.8% [8].

Although Angola has made significant progress in
health service coverage, increasing from 35% in 2015
to 45% in 2022 [7], this is still lower than Mauritius,
which achieved an index of 91.

Table 1. Universal health coverage in Angola and regional comparisons (2022)

. . Angola/Angola Mauricijus/Mauritius Africki prosek / Africa average
Pokazatelj/ Indicator (2022) (2022) (2022)
Indeks pokrivenosti zdravstvenim uslugama / 15 91 15

UHC (Universal Health Coverage) service coverage index

Populacija bez osnovne okrivenosti zdravstvenom zastitom /
Population without basic health coverage

Katastrofalni zdravstveni troskovi (%) /

Catastrophic health expenditures (%)

Populacija u ekstremnom siromastvu (%) /

Population living in extreme poverty (%)

Izvor: World Health Organization. Angola: country profile. Geneva: WHO; 2025 [8]

lako je Angola napravila znacajan napredak u pokri-
venosti zdravstvenim uslugama, ostvarivsi povecanje sa
35% u 2015. godini na 45% u 2022. godini [7], ovo je i
dalje slabije od Mauricijusa, koji je postigao indeks od 91.

U Angoli, oko 20 miliona ljudi jo$ uvek nema pot-
punu pokrivenost osnovnim zdravstvenim uslugama,
$to odrazava ekonomske izazove i potrebu za veéim
ulaganjima u sektor zdravstva. Na Mauricijusu, samo 1
milion ljudi se nalazi u ovoj situaciji, u poredenju sa 200
miliona, $to se uocava u africkom proseku.

U Angoli, 15% stanovnistva se suocava sa katastro-
falnim zdravstvenim troskovima, sto ukazuje na to da
mnogi gradani Angole trose veliki deo svojih prihoda
na zdravstvenu zastitu. Na Mauricijusu taj broj je 5%,
dok je africki prosek 20%.

Oko 30% stanovnistva Angole Zivi u ekstremnom
siromastvu. Na Mauricijusu taj broj iznosi 2%, u pore-
denju sa 30%, sto je africki prosek.

Podaci Svetske zdravstvene organizacije odrazava-
ju realnost prikazanu ispod.

Pokazatelj Vrednost
Ocekivani Zivotni vek pri rodenju (2021) 62,1 godina
Incidencija tuberkuloze (2023) 339 na 100.000 stanovnika

Incidencija malarije (2022)
Smrtnost dece (<5 godina, 2022)
Neonatalna smrtnost (2022)
Maternalna smrtnost (2020)

235,9 na 1.000 stanovnika
66,87 na 1.000 Zivorodenih
26,03 na 1.000 Zivorodenih
221,9 na 100.000 Zivorodenih
Donje respiratorne infekcije,

Glavni uzroci smrti (2021) sl it ol

Izvor: World Health Organization. Angola: country profile. Geneva: WHO; 2025 [8]

20 miliona / million

15% 5%

30% 2%

1 milion / million 200 miliona / million

20%
30%
Source: World Health Organization. Angola: country profile. Geneva: WHO; 2025 [8]

In Angola, around 20 million people still lack full
coverage of basic health services, reflecting economic
challenges and the need for greater investment in the
health sector. In Mauritius, only 1 million people are in
this situation, compared to 200 million, which is the Af-
rican average.

In Angola, 15% of the population faces catastroph-
ic health expenditures, indicating that many Ango-
lan citizens spend a large portion of their income on
healthcare. In Mauritius, this figure is 5%, while the Af-
rican average is 20%.

About 30% of Angola’s population lives in extreme
poverty. In Mauritius, that number is 2%, compared to
30%, which is the African average.

World Health Organization data reflect the reality
shown below.

Indicator Value

Life expectancy at birth (2021)  62.1 years

Incidence of tuberculosis (2023) 339 per 100,000 population
Incidence of malaria (2022) 235.9 per 1,000 population

Child mortality (<5 years, 2022)
Neonatal mortality (2022)
Maternal mortality (2020)

66.87 per 1,000 live births
26.03 per 1,000 live births
221.9 per 100,000 live births

Lower respiratory tract infections, malar-
ia, and tuberculosis
Source: World Health Organization. Angola: country profile. Geneva: WHO; 2025 [8]

Main causes of death (2021)

In Angola, life expectancy at birth increased by
12.8 years, from 49.4 (48.2-50.4) years in 2000 to 62.1
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U Angoli, ocekivani zivotni vek pri rodenju je pro-
duzen za 12,8 godina, sa 49,4 (48,2-50,4) godina, u
2000. godini, na 62,1 (61,2-63,1) godina, u 2021. godi-
ni. U Africi, o¢ekivani zivotni vek pri rodenju je produ-
Zen za 10,6 godina, sa 53 (52,1-53,8) godina, u 2000.
godini, na 63,6 (62,6-64,6) godina, u 2021. godini [8].

Incidencija tuberkuloze u Angoli je iznosila 339 na
100.000 stanovnika u 2023. godini, dok je incidenci-
ja malarije bila oko 235,9 na 1.000 stanovnika u 2022.
godini.

Stopa smrtnosti dece (< 5 godina) u Angoli je izno-
sila 66,87 na 1.000 Zivorodene dece u 2022. godini, dok
je stopa neonatalne smrtnosti bila 26,03 na 1.000 Zivo-
rodene dece.

Maternalna smrtnost u Angoli je znacajno sma-
njena, sa 827 smrti na 100.000 Zivorodenih, u 2000.
godini, na 241 smrt na 100.000 zivorodenih, u 2017.
godini, $to odrazava znacajan napredak [8]. Medutim,
maternalna smrtnost i dalje predstavlja ozbiljan pro-
blem, sa 221,9 smrti na 100.000 zivorodenih, zabele-
zenih u 2020. godini.

Vodeci uzroci smrti u Angoli uklju¢uju donje respi-
ratorne infekcije, malariju i tuberkulozu.

U Angoli, broj dodatnih ljudi koji bi trebalo da ima-
ju bolje zdravlje i vece blagostanje procenjuje se na

Tabela 2. Zdravstvene ustanove nacionalne zdravstvene sluzbe po provincijama
i po vrstama, 2021.

(61.2-63.1) years in 2021. In Africa, life expectancy at
birth increased by 10.6 years, from 53 (52.1-53.8) years
in 2000 to 63.6 (62.6—64.6) years in 2021 [8].

The incidence of tuberculosis in Angola was 339
per 100,000 population in 2023, while the incidence
of malaria was around 235.9 per 1,000 population in
2022.

The under-five mortality rate in Angola was 66.87
per 1,000 live births in 2022, while the neonatal mor-
tality rate was 26.03 per 1,000 live births.

Maternal mortality in Angola was significantly re-
duced from 827 deaths per 100,000 live births in 2000
to 241 deaths per 100,000 live births in 2017, reflecting
significant progress [8]. However, maternal mortality
remains a serious issue, with 221.9 deaths per 100,000
live births recorded in 2020.

The leading causes of death in Angola include low-
er respiratory tract infections, malaria, and tuberculosis.

In Angola, the number of additional people ex-
pected to experience improved health and well-being
is estimated at -1.6 million (-7.3 million — 2.8 million) by
2025, as compared to 2018 [8].

In Angola, the number of additional people ex-
pected to be covered by basic health services and
protected from financial hardship is estimated at 2.7

Table 2. National health service facilities by province and type, 2021

Bengo / Bengo 1 69 18
Benguela / Benguela 6 133 74
Bie / Bi¢ 5 127 37
Kabinda / Cabinda 1 76 19
Kvando Kubango /

Cuando Cubango ! 8 20
Severna Kvanza / North Cuanza 1 99 30
Juzna Kvanza / South Cuanza 8 247 30
Kunene / Cunene 1 107 28
Huambo / Huambo 14 168 51
Huila / Huila 7 191 56
Luanda / Luanda 18 285 77
Severna Lunda / North Lunda 5 72 29
Juzna Lunda / South Lunda 2 77 14
Malanze / Malanje 4 129 26
Mosiko / Moxico 7 102 28
Namibe / Namibe 8 86 25
Ujize / Uige 20 268 34
Zaire / Zaire 4 69 34
Ukupno / Total 105 2,183 644

7 1 1 0 97
12 1 1 0 227
9 1 0 1 180
1 1 0 106
6 1 1 0 105
6 1 1 0 129
12 1 2 0 300
6 1 0 0 143
13 2 0 0 248
13 1 4 0 272
15 2 12 12 an
9 1 0 0 116
6 1 3 0 103
10 1 0 0 170
6 1 3 0 147
6 1 0 0 126
15 1 2 0 340
10 1 2 0 120
167 18 32 13 3,162

Izvor: Instituto Nacional de Estatistica (Angola). Anudrio Estatistico Sanitdrio 2021. Luan-
da: INE; 2024 [12]

Source: Instituto Nacional de Estatistica (Angola). Anudrio Estatistico Sanitdrio 2021. Lu-

anda: INE; 2024 [12]
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-1,6 miliona (-7,3 miliona - 2,8 miliona) do 2025. godi-
ne, u poredenju sa 2018. godinom [8].

U Angoli, broj dodatnih ljudi koji bi trebalo da budu
pokriveni osnovnim zdravstvenim uslugama i koji ne bi
prolazili kroz finansijske poteskoce procenjuje se na 2,7
miliona (1,5 miliona — 3,8 miliona) do 2025. godine, u
poredenju sa 2018. godinom [8].

Zdravstvena mreza Angole

Dostupni podaci su 2019. godine su pokazivali ukupno
2.793 javne zdravstvene ustanove u zemlji [9,11]. Do
2021. godine, taj broj se povecao na 3.162 javne zdrav-
stvene ustanove [12], sa raspodelom kakva je prikaza-
na u Tabeli 2.

Prema podacima Nacionalnog instituta za statistiku
(2024), mrezu zdravstvenog sektora ¢ine 3.162 zdrav-
stvene ustanove koje su u funkciji, ukljucujudi 13 naci-
onalnih bolnica, 32 specijalizovane bolnice, 18 opstih
bolnica, 167 opstinskih bolnica, 105 centara za majku i
dete, kao i 3.768 privatnih zdravstvenih ustanova.

Zdravstveni kadar

Prema podacima SZO, Angola je medu zemljama koja
ima vise od 100.000 zdravstvenih radnika, ukljucujudi
lekare, medicinske sestre, babice, farmaceute i druge
radnike. Medutim, ovaj broj je i dalje nizi od onog za-

Tabela 3. Privatne zdravstvene ustanove registrovane u zemlji, po provincijama,
2021.

million (1.5 million - 3.8 million) by 2025, as com-
pared to 2018 [8].

Healthcare network of Angola

In 2019, available data showed a total of 2,793 pub-
lic health facilities in the country [9,11]. By 2021, that
number had increased to 3,162 public health facilities
[12], with a distribution as shown in Table 2.

According to data from the National Institute of
Statistics (2024), the healthcare sector network con-
sists of 3,162 operational health facilities, including
13 national hospitals, 32 specialized hospitals, 18
general hospitals, 167 municipal hospitals, 105 moth-
er and child centers, as well as 3,768 private health-
care facilities.

Health workforce

According to WHO data, Angola is among the coun-
tries with more than 100,000 health workers, includ-
ing doctors, nurses, midwives, pharmacists, and other
personnel. However, this number is still lower than that
recorded in five countries in the African region with a
higher number of health workers: Nigeria (940,193),
South Africa (456,042), Algeria (329,494), Ethiopia
(250,893), and the Democratic Republic of the Congo
(224,002) [13,14].

Table 3. Private healthcare facilities registered in the country, by province,
2021

Bengo / Bengo 1 7 1
Benguela / Benguela 8 79 N
Bie / Bie 1 4 4
Kabinda / Cabinda 8 127 1
Kvando Kubango / Cuando Cubango 0 17 3
Severna Kvanza / North Cuanza 0 17 3
Juzna Kvanza / South Cuanza 3 48 22
Kunene / Cunene 0 28 7
Huambo / Huambo 17 28 10
Huila / Huila 15 76 7
Luanda/ Luanda 94 998 371
Severna Lunda / North Lunda 4 14

Juzna Lunda / South Lunda 2 14

Malanze / Malanje 0

Mosiko / Moxico 1 1
Namibe / Namibe 1 6 18
Ujize /Uige 3 23 9
Zaire / Zaire 1 29 5
Ukupno / Total 159 1,510 478

0 5 7 21

10 33 57 198

0 0 31 38

7 15 28 186

0 0 40 60

0 0 23 43

0 3 54 130

1 1 12 27

3 2 118 178
16 15 102 231
200 108 420 2,191

0 0 97 115

0 0 18 4

0 3 14 25

0 1 79 91

4 2 8 39

2 0 40 77

0 0 42 77
243 188 1,190 3,768

Izvor: Instituto Nacional de Estatistica (Angola). Anudrio Estatistico Sanitdrio 2021. Luan-
da: INE; 2024 [12]

Source: Instituto Nacional de Estatistica (Angola). Anudrio Estatistico Sanitdrio 2021. Lu-
anda: INE; 2024 [12]
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Tabela 4. Raspodela lekara, medicinskih sestara, dijagnostickih/terapeutskih
tehnicara, administrativnog osoblja i ostalih radnika u javnom zdravstvenom
sektoru, po provincijama, 2021.

Table 4. Distribution of doctors, nurses, diagnostic/therapeutic technicians,
administrative staff, and other workers in the public health sector, by province,
2021

Bengo / Bengo 3.07 23.41
Benguela / Benguela 1.70 15.28
Bie / Bié 1.61 1533
Kabinda / Cabinda 2.45 14.15
Kvando Kubango / Cuando Cubango 1.97 15.25
Severna Kvanza / North Cuanza 2.38 20.17
Juzna Kvanza / South Cuanza 0.63 8.40
Kunene / Cunene 1.17 10.05
Huambo / Huambo 1.63 16.93
Huila / Huila 1.13 6.81

Luanda / Luanda 0.79 7.56
Severna Lunda / North Lunda 1.56 12.02
Juzna Lunda / South Lunda 1.73 14.84
Malanze / Malange 2.09 16.57
Mosiko / Moxico 1.30 17.30
Namibe / Namibe 2.28 20.49
Ujize / Uige 1.47 7.60

Zaire / Zaire 2.04 12.69
Centralna uprava (pt. {)rgéo Central) / 164 473

Central authority (Pt. Orgdo Central)

Ukupno / Total 1.80 12.85

6.70 4.43 7.50 4511
2.49 3.67 3.08 26.22
1.61 2.52 7.82 28.89
2.79 4.79 7.65 31.83
3.81 8.77 6.58 36.38
3.91 10.24 13.53 50.23
1.06 3.80 6.39 20.28
244 5.99 2.38 22.03
2.16 4.81 4.66 30.18
1.60 2.96 247 14.97
2.34 2.20 5.37 18.26
1.61 517 7.59 27.95
2.23 6.33 5.18 30.30
3.21 2.30 8.29 32.46
2.53 4.22 5.75 31.10
7.94 1.72 4.98 3.4
137 3.61 3.85 17.90
2.36 3.94 5.19 26.22
2.06 2.05 3.14 13.63
2.90 4.29 6.15 28.00

Izvor: Instituto Nacional de Estatistica (Angola). Anudrio Estatistico Sanitdrio 2021. Luan-
da: INE; 2024 [12]

belezenog u pet zemalja u Africkom regionu sa vec¢im
brojem zdravstvenih radnika: Nigerija (940.193), Juzna
Afrika (456.042), Alzir (329.494), Etiopija (250.893) i De-
mokratska Republika Kongo (224.002) [13,14].

Angola je 2011. godine imala 3.541 doktora, 34.301
medicinsku sestru, 6.414 tehnicara (dijagnosticki ili te-
rapeutski tehnicari) i 9.640 drugih radnika u zdravstvu
(administrativni radnici, radnici na odrzavanju cistoce,
i dr.) [15]. Do 2021. godine, kao 5to prikazuju tabele u
nastavku teksta, ovi brojevi su znacajno porasli, dosti-
gavsi 7.716 lekara, 51.216 medicinskih sestara, 12.177
tehnicara i 47.577 ostalih radnika (administrativni rad-
nici, radnici na odrzavaniju cistoce, i dr.) [12].

U pogledu zdravstvenih ljudskih resursa koji direk-
tno pruzaju usluge, na 10.000 stanovnika dolazi 2,48
lekara - od ¢ega je 72,72% iz javnog sektora, 12,97 iz
privatnog sektora i 14,31 iz ostalih sektora (Nacionalna
policija Angole (pt. Policia Nacional de Angola), Oruzane
snage Angole (pt. For¢as Armadas Angolanas), nevladi-

Source: Instituto Nacional de Estatistica (Angola). Anudrio Estatistico Sanitdrio 2021. Lu-
anda: INE; 2024 [12]

In 2011, Angola had 3,541 doctors, 34,301 nurses,
6,414 technologists (diagnostic or therapeutic technol-
ogists), and 9,640 other health workers (administrative
staff, cleaners, etc.) [15]. By 2021, as shown in the ta-
bles below, these numbers had increased significantly,
reaching 7,716 doctors, 51,216 nurses, 12,177 technol-
ogists, and 47,577 other workers (administrative staff,
janitorial staff, etc.) [12].

In terms of human resources directly providing ser-
vices in healthcare, there are 2.48 doctors per 10,000
inhabitants, of whom 72.72% are from the public sec-
tor, 12.97% from the private sector, and 14.31% from
other sectors (the National Police of Angola (Pt. Policia
Nacional de Angola), the Armed Forces of Angola (pt.
For¢as Armadas Angolanas), and non-governmental or-
ganizations). Additionally, there are 16.45 nurses and
3.91 diagnostic/therapeutic technicians per 10,000 in-
habitants [12].
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Tabela 5. Raspodela lekara, medicinskih sestara, dijagnostickih/terapeutskih Table 5. Distribution of doctors, nurses, diagnostic/therapeutic technicians,
tehnicara, administrativnog osoblja i ostalih radnika u privatnom zdravstvenom administrative staff, and other workers in the private health sector, by province,
sektoru, po provincijama, 2021. 2021

Bengo / Bengo 0.04 2.14 0.52 0.99 2.18 5.88
Benguela / Benguela 0.51 2.15 0.49 0.86 0.61 4.63
Bie / Bi¢ 0.05 1.25 0.05 0.15 1.14 2.64
Kvando Kubango / C(uando Cubango 0.03 0.28 0.02 0.05 0.05 0.44
Severna Kvanza / North Cuanza 0.32 2.18 0.62 0.81 1.63 5.56
Juzna Kvanza / South Cuanza 0.15 132 0.45 0.34 0.34 2.76
Huambo / Huambo 0.07 0.52 0.23 0.57 0.38 1.76
Huila / Huila 0.3 0.57 0.48 0.06 0.02 1.4
Luanda / Luanda 0.58 1.12 0.47 0.71 1.03 3.88
Juzna Lunda / South Lunda 0.18 0.63 0.37 0.42 0.30 1.89
Malanze / Malange 0.16 0.61 0.56 0.43 0.53 2.29
Mo3iko / Moxico 0.17 1.71 0.23 0.87 0.00 2.97
Namibe / Namibe 0.06 0.17 0.14 0.20 0.26 0.83
Ujize / Uige 0.26 3.36 0.50 0.47 1.48 6.07
Zaire / Zaire 0.43 333 0.44 1.54 0.28 6.02
Ukupno / Total 0.36 132 0.44 0.60 0.88 3.60
Izvor: Instituto Nacional de Estatistica (Angola). Anudrio Estatistico Sanitdrio 2021. Luan-  Source: Instituto Nacional de Estatistica (Angola). Anudrio Estatistico Sanitario 2021. Lu-
da: INE; 2024 [12] anda: INE; 2024 [12]

Tabela 6. Raspodela lekara, medicinskih sestara, dijagnostickih/terapeutskih Table 6. Distribution of doctors, nurses, diagnostic/therapeutic technicians,
tehnicara, administrativnog osoblja i ostalih radnika u drugim sektorima administrative staff, and other workers in other sectors (National Police of
(Nacionalna policija Angole, Oruzane snage Angole, nevladine organizacije), po Angola, Armed Forces of Angola, NGOs), by province, 2021

provincijama, 2021.

Bengo / Bengo 0.09 0.09 0.09 0.09 0.09 0.43
Benguela / Benguela 0.02 0.60 0.09 0.19 0.13 1.03
Bie / Bié 0.01 0.28 0.00 0.32 0.87 1.47
Kvando Kubango / Cuando Cubango 0.17 4.45 0.19 0.13 1.05 5.98
Severna Kvanza / North Cuanza 0.02 0.41 0.08 0.13 0.36 1.00
Juzna Kvanza / South Cuanza 0.02 0.41 0.08 0.13 0.36 1.00
Huambo / Huambo 0.18 2.74 0.26 1.26 0.17 4.63
Huila / Huila 0.18 1.22 0.18 0.03 3.01 4.62
Luanda / Luanda 1.12 5.65 1.96 3.74 7.03 19.49
Severna Lunda / North Lunda 0.17 1.50 0.09 0.08 0.08 1.76
Juzna Lunda / South Lunda 0.17 1.50 0.09 0.08 0.08 1.76
Malanze / Malange 0.08 0.40 0.04 0.02 0.08 0.60
Mosiko / Moxico 0.12 541 0.14 1.24 0.25 7.16
Zaire / Zaire 0.28 3.25 0.33 0.32 1.89 6.06
Ukupno / Total 0.41 2.81 0.71 1.45 2.63 8.02

Izvor: Instituto Nacional de Estatistica (Angola). Anudrio Estatistico Sanitdrio 2021. Luan-  Source: Instituto Nacional de Estatistica (Angola). Anudrio Estatistico Sanitdrio 2021. Lu-
da: INE; 2024 [12] anda: INE; 2024 [12]
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Slika 1. Gustina rasporedenosti lekara, medicinskih sestara i babica na 1.000
stanovnika u Africkom regionu u 2018. godini

COR - Ciljevi odrZivog razvoja; MCR — Milenijumski ciljevi razvoja

Izvor: World Health Organization. The state of the health workforce in the WHO African
Region, 2021. Brazzaville: WHO Regional Office for Africa; 2021 [14]

ne organizacije), kao i 16,45 medicinskih sestara i 3,91
dijagnostickih/terapeutskih tehnicara [12].

Slika 1 pokazuje da su, u 2018. godini, 24 zemlje u
Africkom regionu imale gustinu rasporedenosti zdrav-
stvenog kadra manju od 1,0 lekara, medicinskih sesta-
ra i babica na 1.000 stanovnika, dok se ova vrednost u
13 zemalja kretala izmedu 2,22 i manje od 1,0 lekara,
medicinskih sestara i babica na 1.000 stanovnika.

Devet zemalja (Alzir, Bocvana, Zelenortska ostrva,
Gabon, Lesoto, Mauricijus, Namibija, Sejseli i Juzno-
africka Republika) od 47 u regionu, imala je gustinu
rasporedenosti lekara, medicinskih sestara i babica na
1.000 stanovnika koja je dostigla ili premasila minimal-
ni prag gustine rasporedenosti definisan Milenijum-
skim ciljevima razvoja (MCR) od 2,28 doktora, medicin-
skih sestara i babica na 1.000 stanovnika.

Takode, nase istrazivanje pokazuje da su, od 2018.
godine, samo Cetiri zemlje (Sejseli, Namibija, Mauricijus
i Juznoafricka Republika) dostigle ili premasile indeks
minimalnog praga gustine rasporedenosti definisan

Figure 1. Density of doctors, nurses, and midwives per 1,000 population in the
Africa region in 2018
SDG — Sustainable Development Goals; MDG — Millennium Development Goals

Source: World Health Organization. The state of the health workforce in the WHO African
Region, 2021. Brazzaville: WHO Regional Office for Africa; 2021 [14]

Figure 1 shows that, in 2018, 24 countries in the
Africa Region had a health workforce density of fewer
than 1.0 doctors, nurses, and midwives per 1,000 in-
habitants, while in 13 countries this value ranged be-
tween 2.22 and below 1.0 per 1,000 inhabitants.

Nine countries (Algeria, Botswana, Cape Verde,
Gabon, Lesotho, Mauritius, Namibia, Seychelles, and
South Africa) out of 47 in the region had a density of
doctors, nurses, and midwives per 1,000 inhabitants
that reached or exceeded the minimum threshold de-
fined by the Millennium Development Goals (MDGs) of
2.28 doctors, nurses, and midwives per 1,000 inhabi-
tants.

Furthermore, our research shows that as of 2018,
only four countries (Seychelles, Namibia, Mauritius,
and South Africa) had reached or exceeded the mini-
mum threshold density index defined by the Sustain-
able Development Goals (SDGs) of 4.45 per 1,000 in-
habitants (Figure 2), while in Angola that same year, the
index was only 1.54 per 1,000 inhabitants [14].
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Slika 2. Gustina rasporedenosti lekara, medicinskih sestara i babica na 1.000
stanovnika, 2005. i 2018. godine, u Africkom regionu

Izvori: World Health Organization. Human resources for health: data and statistics for the
WHO African Region. Brazzaville: WHO Regional Office for Africa; 2025 [13]; World Health
Organization. The state of the health workforce in the WHO African Region, 2021. Brazza-
ville: WHO Regional Office for Africa; 2021 [14]

Ciljevima odrzivog razvoja od 4,45 na 1.000 stanovnika
(Slika 2), dok je ovaj indeks u Angoli iste godine iznosio
samo 1,54 na 1.000 stanovnika [14].

DISKUSIJA

Nasa studija je istrazivala izazove u upravljanju zdrav-
stvenim kadrom u procesu ostvarivanja univerzalne
pokrivenosti zdravstvenom zastitom u Angoli. Rezultati
pokazuju da se Angola suocava sa izrazenim struktur-
nim izazovima u postizanju univerzalne pokrivenosti
zdravstvenom zastitom, posebno u kontekstu demo-
grafskih promena koje karakterie brz rast stanovnis-
tva. Stanovnistvo Angole, procenjeno na 36,7 miliona u
2023. godini,ima projekciju da dostigne 74,3 miliona do
2050. godine, sa godisnjom stopom rasta od 3,8% [8].
Ovaj rast zahteva proporcionalno 3Sirenje zdravstvenog
sistema, $to predstavlja znacajan pritisak na infrastruk-
turu, ljudske resurse i finansiranje zdravstva.

lako je porasla sa 35%, u 2015. godini, na 45%, u
2022. godini, stopa pokrivenosti zdravstvenim uslu-
gama i dalje ostaje ispod proseka potrebnog za obez-
bedivanje punog pristupa stanovnistvu. Istovremeno,
zemlje poput Mauricijusa beleze mnogo vise pokaza-

Figure 2. Density of doctors, nurses, and midwives per 1,000 population, in
2005 and 2018, in the Africa Region

Sources: World Health Organization. Human resources for health: data and statistics for the
WHO African Region. Brazzaville: WHO Regional Office for Africa; 2025 [13]; World Health
Organization. The state of the health workforce in the WHO African Region, 2021. Brazza-
ville: WHO Regional Office for Africa; 2021 [14]

DISCUSSION

The present study examined the challenges in manag-
ing the health workforce in the process of achieving
universal health coverage in Angola. The results show
that Angola faces significant structural challenges in
reaching universal health coverage, particularly in
the context of demographic changes characterized
by rapid population growth. Angola’s population, es-
timated at 36.7 million in 2023, is projected to reach
74.3 million by 2050, with an annual growth rate of
3.8% [8]. This growth requires a proportional expan-
sion of the health system, which places substantial
pressure on infrastructure, human resources, and
healthcare financing.

Although it increased from 35%, in 2015, to 45%, in
2022, the health coverage rate still remains below the
average required to ensure full access to healthcare for
the population. At the same time, countries such as
Mauritius report significantly higher rates (91%), which
is an illustration of regional disparities. Approximately
20 million people in Angola, representing more than
half of the population, still lack access to basic health
services.
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telje (91%), sto ukazuje na regionalne nejednakosti.
Priblizno 20 miliona stanovnika Angole, $to predstavlja
vise od polovine populacije, jos uvek nema pristup os-
novnim zdravstvenim uslugama.

Takode, Angola pokazuje visok nivo socioekonom-
ske ranjivosti: 30% stanovnistva zivi u ekstremnom si-
romastvu, dok se 15% suocava sa katastrofalnim zdrav-
stvenim troSkovima, $to ogranicava pristup zdravstve-
noj nezi i ugrozava pravicnost sistema. Ocekivani zZivot-
ni vek pri rodenju, iako je poboljsan sa 49,4 godina, u
2000. godini, na 62,1 godinu, u 2021. godini, i dalje je
nizak u poredenju sa drugim delovima Afrike.

Pokazatelji morbiditeta i mortaliteta dodatno ot-
krivaju ranjivost zdravstvenog sistema u Angoli - viso-
ka incidencija tuberkuloze (339 slu¢ajeva na 100.000
stanovnika u 2023. godini) i malarije (235,9 slucaje-
va na 1.000 stanovnika u 2022. godini); visoka stopa
smrtnosti dece mlade od pet godina (66,87/1.000) i
visoka stopa neonatalne smrtnosti (26,03/1.000) u
2022. godini; visoka stopa smrtnosti majki od 221,9
na 100.000 zivorodenih u 2020. godini. Glavni uzroci
smrti u 2021. godini bile su respiratorne infekcije, ma-
larija i tuberkuloza.

Sto se ti¢e infrastrukture, Angola je 2021. godine
imala 3.162 javne i 3.768 privatnih zdravstvenih usta-
nova, $to ukupno ¢ini 6.930 zdravstvenih ustanova u
zemlji [12]. Medutim, geografska raspodela tih usluga
je izrazito neravnomerna, sa velikim prazninama u pro-
vincijama kao $to su Bengo, Kabinda, Kunene, Juzna
Lunda i Namibe, koje imaju najmanji apsolutni broj jav-
nih bolni¢kih ustanova. Ova razlika ukazuje na duboke
nejednakosti u pristupu bolnickoj nezi, narocito u uda-
ljenim i manje urbanizovanim oblastima. Takva situaci-
ja ugrozava pravi¢nost sistema i predstavlja strukturni
izazov prisutan Sirom zemlje.

Kada su u pitanju ljudski resursi, uprkos odredenim
naprecima, brojke su i dalje ispod neophodnog nivoa.
U 2021. godini, Angola je imala: 7.716 lekara (2,48 na
10.000 stanovnika), 51.216 medicinskih sestara (16,45
na 10.000 stanovnika) i 12.177 dijagnostickih/terape-
utskih tehnicara (3,91 na 10.000 stanovnika) [12]. Ova
gustina rasporedenosti je ispod minimalnog praga od
4,45 zdravstvenih radnika (lekara, sestara i babica) na
1.000 stanovnika, kako preporucuje SZO za postizanje
univerzalne pokrivenosti zdravstvenom zastitom [14].
Situaciju dodatno pogorsava asimetricna geografska
raspodela: oko 85% lekara koncentrisano je u Luandi
i urbanim centrima, dok su ruralna podrudja ¢esto bez
odgovarajuce zdravstvene zastite [16].

Nedostatak kvalifikovanih stru¢njaka, ogranicena
kontinuirana edukacija i nedovoljni podsticaji za rad u
udaljenim oblastima identifikovani su kao klju¢ne pre-
preke. Nacionalni plan za razvoj zdravstva (PNDS 2012-

Additionally, Angola exhibits a high level of socio-
economic vulnerability: 30% of the population lives in
extreme poverty, while 15% faces catastrophic health
expenditures, limiting access to healthcare and under-
mining the equity of the system. Life expectancy at
birth, although improved from 49.4 years in 2000 to
62.1 years in 2021, remains low, as compared to other
parts of Africa.

Morbidity and mortality indicators further reveal
the vulnerability of Angola’s health system - a high in-
cidence of tuberculosis (339 cases per 100,000 popula-
tion in 2023) and of malaria (235.9 cases per 1,000 pop-
ulation in 2022); a high under-five mortality rate (66.87
per 1,000) and a high neonatal mortality rate (26.03
per 1,000) in 2022; as well as a high maternal mortality
rate of 221.9 per 100,000 live births in 2020. The lead-
ing causes of death in 2021 were respiratory infections,
malaria, and tuberculosis.

In terms of infrastructure, Angola had 3,162 public
and 3,768 private healthcare facilities in 2021, totaling
6,930 healthcare facilities nationwide [12]. However,
the geographical distribution of these services is high-
ly uneven, with significant gaps in provinces such as
Bengo, Cabinda, Cunene, South Lunda, and Namibe,
which have the lowest absolute number of public hos-
pital facilities. This disparity highlights deep inequal-
ities in access to hospital care, particularly in remote
and less urbanized areas. Such a situation undermines
the equity of the system and represents a structural
challenge present across the country.

In terms of human resources, despite some prog-
ress, the numbers remain below the necessary level.
In 2021, Angola had: 7,716 doctors (2.48 per 10,000
population), 51,216 nurses (16.45 per 10,000 popula-
tion), and 12,177 diagnostic/therapeutic technicians
(3.91 per 10,000 population) [12]. This density is below
the minimum threshold of 4.45 health workers (doc-
tors, nurses, and midwives) per 1,000 population, as
recommended by the WHO for achieving universal
health coverage [14]. The situation is further worsened
by the uneven geographical distribution: around 85%
of doctors are concentrated in Luanda and urban cen-
ters, while rural areas are often left without adequate
healthcare [16].

The lack of qualified professionals, the limited
continuing education, and the insufficient incentives
for working in remote areas have been identified as
key obstacles. The National Health Development Plan
(PNDS 2012-2025) recognizes these shortcomings
and proposes strategies to strengthen human re-
source management. However, the implementation
of these strategies faces budgetary and structural
constraints.
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2025.) prepoznaje ove nedostatke i predlaze strategije
za jacanje upravljanja ljudskim resursima, ali njegova
implementacija nailazi na budzetska i strukturna ogra-
ni¢enja.

S obzirom na prikazane podatke, postaje jasno da
postizanje univerzalne pokrivenosti zdravstvenom za-
stitom u Angoli zavisi direktno od kontinuiranih ulaga-
nja u obuku, raspodelu i valorizaciju zdravstvenih radni-
ka, kaoiod prosirenja infrastrukture i jacanja upravljanja
u zdravstvu. Podrska medunarodnih organizacija poput
SZ0, Svetske banke, UNICEF-a i Globalnog fonda, koje
vec¢ sprovode projekte obuke zdravstvenih stru¢njaka,
bi¢e od klju¢nog znacaja za ubrzanje ovog procesa.

ZAKLJUCAK

Zaklju¢eno je da, uprkos zna¢ajnom napretku u zdrav-
stvenom sektoru u Angoli, kao 3to je povecanje broja
zdravstvenih ustanova i zdravstvenih stru¢njaka, ze-
mlja se i dalje suocava sa vaznim strukturnim izazovi-
ma u nastojanju da postigne univerzalnu pokrivenost
zdravstvenom zastitom. Niska efektivha pokrivenost
zdravstvenim uslugama, veliki teret zaraznih bolesti i
alarmantni pokazatelji smrtnosti kod dece i majki uka-
zuju na hitnu potrebu za efikasnijim i odrzivijim politi-
kama.

Jedna od najozbiljnijih ta¢aka koje su identifiko-
vane jeste nejednakost u raspodeli ljudskih resursa u
zdravstvu, kako izmedu urbanih i ruralnih oblasti, tako i
izmedu ekonomski bogatijih i siroma3nijih oblasti. Ovo
ugrozava pravican pristup zdravstvenoj zastiti i produ-
bljuje zdravstvene nejednakosti.

Da bi Angola napredovala ka potpunoj univerzal-
noj pokrivenosti zdravstvenom zastitom, neophodno
je strateski ulagati u obrazovanje, zadrzavanje kadrova
i bolju raspodelu zdravstvenih radnika, sa naglaskom
na pravicnost i efikasnost sistema. Takode, klju¢no je
ojacati mehanizme upravljanja i rukovodenja ljudskim
resursima, osiguravajuci da ulaganja u infrastrukturu
budu pracena ¢vrstim i kontekstualizovanim politika-
ma upravljanja ljudskim resursima.

Ova analiza, dakle, ukazuje na potrebu za integri-
sanim pristupom koji kombinuje Sirenje mreze zdrav-
stvenih usluga, kvalifikaciju radne snage i javne poli-
tike zasnovane na podacima i dokazima, s ciljem da se
smanje nejednakosti i poboljsaju zdravstveni ishodi
stanovnistva Angole.

Izjave zahvalnosti: Autorka zahvaljuje Laboratoriji za
jacanje kapaciteta i performansi zdravstvenog sistema
i kadrova za zdravstvenu pravicnost — Univerzitet u
Beogradu, Medicinski fakultet, Beograd, Srbija.

Sukob interesa: Nije prijavljen.

Given the presented data, it becomes clear that
achieving universal health coverage in Angola direct-
ly depends on continued investment in the training,
distribution, and recognition of healthcare workers,
as well as the expansion of infrastructure and the
strengthening of health governance. Support from in-
ternational organizations such as the WHO, the World
Bank, UNICEF, and the Global Fund, which are already
implementing training projects for health profession-
als, will be crucial in accelerating this process.

CONCLUSION

It has been concluded that, despite significant progress
in Angola’s health sector, such as the increase in the
number of healthcare facilities and health profession-
als, the country still faces major structural challenges
in its efforts to achieve universal health coverage. Low
effective coverage of health services, a high burden of
infectious diseases, and alarming child and maternal
mortality indicators point to an urgent need for more
efficient and sustainable policies.

One of the most serious issues identified is the
inequality in the distribution of human resources in
healthcare, both between urban and rural areas and
between economically wealthier and poorer regions.
This undermines equitable access to healthcare and
deepens health disparities.

For Angola to advance toward full universal health
coverage, strategic investment is essential in educa-
tion, workforce retention, and better distribution of
health professionals, with a focus on equity and sys-
tem efficiency. It is also critical to strengthen human
resource management and governance mechanisms,
ensuring that infrastructure investments are accom-
panied by strong and context-specific human resource
policies.

This analysis, therefore, highlights the need for an
integrated approach that combines the expansion of
the healthcare network, workforce qualification, and
data- and evidence-based public policies, with the
goal of reducing inequalities and improving health
outcomes for the population of Angola.
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SAZETAK

Zdravstveni informacioni sistemi (ZIS) su sistemi koji prikupljaju, cuvaju, obraduju i
obezbeduju informacije o zdravlju korisnika, kao i o upravljanju, organizaciji, strukturi
i funkcionisanju zdravstvenog sistema, a u vezi sa dono3enjem odluka za dostizanjem
zdravstvenih ciljeva zemlje. Ciljevi istraZivanja su da se opise delotvornost zdravstve-
nog informacionog sistema Angole (ZIS Angola) - i utvrde izazovi zaimplementaciju i
koriScenje ZIS-a od strane korisnika. U istrazivanju, koriS¢ena je bibliografska metoda
i analiza dokumenata, koje kombinuju pregled relevantne literature o ulozi ZIS-a u
Angoli i preporucene strategije za njegovu transformaciju i efikasnost uz uporednu
analizu indikatora. U istorijskom metodu akcenat je bio na razumevanju porekla,
razvoja i evolucije ZIS-a. U deduktivno-induktivnoj metodi ispitana je hipoteza o
delotvornosti ZIS-a Angole. Za deskriptivnu kvalitativnu i kvantitativnu analizu, kori-
$¢eni su SZ0 standardni indikatori u zdravstvenim informacionim sistemima, kao Sto
su indikatori zdravstvene politike (npr. strateski planovi i implementacija zdravstve-
nih informacionih sistema), pruzanja zdravstvenih usluga (npr. pristup i kori$¢enje) i
performansi zdravstvenog sistema (vreme odziva i kvalitet usluge), kao i indikatori
koji opisuju obrazovne (npr. IT obuka za zdravstvene radnike) i finansijske (ulaganja
u zdravstvenu zastitu i u zdravstvene informacione i komunikacione tehnologije) as-
pekte. Rezultati pokazuju da je ZIS Angola unapreden prelaskom na platformu DHIS2,
$to je poboljSalo dostupnost podataka i upravljanje zdravstvenim uslugama, ali po-
stoje izazovi kao Sto su ograniceni resursi, nedostatak infrastrukture, neravnomerna
raspodela osoblja i nedovoljna IT obuka. Indikatori pristupa i koriS¢enja zdravstvenih
usluga, vreme odziva i kvalitet usluge ukazuju na skroman napredak, dok finansijska
ulaganja ostaju nedovoljna za dalji razvoj sistema.

Zakljucak: ZIS Angola ima potencijal za znacajno unapredenje upravljanja zdravstve-
nim sistemom i kvaliteta usluga, ali je neophodno kontinuirano ulaganje u ljudske resur-
se, infrastrukturu i obuku, kao i ravnomernija distribucija stru¢njaka, kako bi se postigla
veca delotvornost i poboljsala zdravstvena pokrivenost i efikasnost sektora u Angoli.

Kljucne reci: informacioni sistem, zdravstveni indikatori, zdravstveni menadZment,
javno zdravlje
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ABSTRACT

Health Information Systems (HIS) are systems designed to collect, store, process, and provide
information on both individual and population health, as well as on the management, orga-
nization, structure, and functioning of the health system. Their primary purpose is to support
decision-making aimed at achieving national health goals. The research objectives were to
describe the effectiveness of the Health Information System of Angola (HIS Angola), and to
identify challenges for implementing and using HIS by users. The research was based on the
assumption that the current form of the HIS provides only a minimal set of data necessary
for formulating proposals for actions, policies, and practices aimed at improving the quality,
financing, and management of health services, as well as reducing inequalities in access to
health care. The research employed a bibliographic method and documentary analysis, com-
bining a review of relevant literature on the role of the HIS in Angola and recommended strat-
egies for its transformation and effectiveness, with a comparative analysis of health system
indicators. The historical-logical method was used to explore the origin, development, and
evolution of the HIS, while the deductive-inductive method was applied to examine the hy-
pothesis regarding the effectiveness of Angola’s HIS. For the descriptive qualitative and quan-
titative analysis, we will use standard WHO indicators related to health information systems.
These include indicators on health policy (e.g., strategic plans and implementation of HIS),
health service delivery (e.g., access and utilization), and health system performance (e.g.,
response time and service quality). Additionally, we will consider indicators reflecting educa-
tional (e.g., IT training for health professionals) and financial (e.g., investments in health care
and health information and communication technologies) aspects. The results indicate that
Angola’s Health Information System (HIS) has improved through the transition to the DHIS2
platform, leading to enhanced data availability and better management of health services.
However, significant challenges persist, including limited resources, inadequate infrastruc-
ture, uneven distribution of health personnel, and insufficient IT training. Indicators related to
health service access and utilization, response time, and service quality suggest only modest
progress, while financial investments remain inadequate to support further development of
the system. Conclusion: Angola’s HIS has the potential to significantly enhance health system
management and service quality. However, to achieve greater effectiveness and improve
health coverage and efficiency, sustained investment is needed in human resources, infra-
structure, and training, along with a more equitable distribution of health professionals.
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RESUMO

Sistemas de Informagao em Sadde (SIS) sdo sistemas responsaveis pela recolha, armazenamento, processamento e fornecimento de informacdes relacionadas com a
salide dos utentes, assim como com a gestdo, organizacao, estrutura e funcionamento do sistema de satde. Estas informacoes sdo essenciais para apoiar a tomada
de decisdes com o objectivo de alcancar as metas de satide de um pais. Os objectivos da pesquisa foram descrever a efectividade do Sistema de Informagéo em Saide
de Angola (SIS Angola) e identificar os desafios para a implementacao e o uso do SIS pelos utentes. A hipdtese da pesquisa era que o SIS, na sua forma actual, fornece
um conjunto minimo de informacdes necessarias para a formulacdo de propostas de acdes, politicas e préticas que possam contribuir para a melhoria da qualidade,
do financiamento e da gestdo dos servicos de satide, assim como para a reducao das desigualdades no acesso a assisténcia a satde. Na pesquisa, foram utilizados o
método bibliografico e a andlise documental, que combinam uma revisao da literatura relevante sobre o papel do SIS em Angola e as estratégias recomendadas para a
sua transformacao e efectividade, com uma andlise comparativa de indicadores. No método histdrico-1dgico, a énfase foi compreender a origem, o desenvolvimento e a
evolugao do SIS. No método dedutivo-indutivo, examinou-se a hipétese da efectividade do SIS de Angola. Para a andlise descritiva qualitativa e quantitativa, utilizare-
mos os indicadores padrao da OMS em sistemas de informagao em satide, como os indicadores de politica de satide (por exemplo, planos estratégicos e implementagéo
de sistemas de informacao em satide), de prestacao de servicos de satide (por exemplo, acesso e utilizacao) e de desempenho do sistema de satdde (tempo de resposta e
qualidade do servico), assim como indicadores que descrevem as dreas educativas (por exemplo, formagdo em Tecnologias de Informagao para profissionais de satde) e
financeira (por exemplo, investimentos em informagao em sadde). Os resultados mostram que o Sistema de Informagao em Satde (SIS) de Angola foi aprimorado com
atransicao para a plataforma DHIS2, o que melhorou a disponibilidade de dados e a gestao dos servicos de satde. No entanto, persistem desafios, como recursos limi-
tados, falta de infraestrutura, distribuicdo desigual de pessoal e treinamento insuficiente em T1.0s indicadores de acesso e utilizagdo dos servicos de saide, tempo de
resposta e qualidade do servico indicam um progresso modesto, enquanto os investimentos financeiros permanecem insuficientes para o desenvolvimento do sistema.

Conclui-se que o SIS Angola tem potencial para aprimorar significativamente a gestao do sistema de satde e a qualidade dos servicos, mas é necessdrio um investi-
mento continuo em recursos humanos, infraestrutura e treinamento, além de garantir uma distribuicao mais equitativa de profissionais de satide, para alcangar maior

efectividade e melhorar a cobertura e a eficiéncia do sector de satide em Angola.

Palavras-chave: Sistema de informacdo; Indicadores de satde; Gestdo em satde; Sadde pdblica.

uvoD

Zdravstvenim organizacijama se mora upravljati na
strateskoj osnovi koja, s obzirom na sloZenost i vise-
strukost zdravstvenih usluga, mora biti zasnovana na
integrisanom modelu informacija i znanja. Na ovaj na-
¢in je strateski menadzment prisutan u organizacijama
u zdravstvenom sektoru, i podrazumeva stalnu upotre-
bu informacionih tehnologija i informacionih sistema
[1]. Od nastanka elektronskih informacionih sistema
posle Prvog svetskog rata do danas posebna paznja u
medicini posvecuje se digitalnim standardima i zdrav-
stvenim informacionim sistemima (ZIS) [2], koji omo-
gucavaju brz i bezbedan tok informacija, kao i stalni
pristup i pretragu podataka od strane zdravstvenih
radnika radi odrzavanja kvaliteta zdravstvene nege [3].

Zdravstveni informacioni sistemi predstavljaju
klju¢nu komponentu odgovora na rastuce zahteve za
zdravstvenom zastitom, pri ¢emu kvalitet usluga zna-
¢ajno uti¢e na ocuvanje zdravlja, a razvoj i upotreba
ZIS-a imaju vaznu ulogu u njegovom unapredenju [4].
Naime, dobro izgradene i dobro vodene komponente
ZIS-a, kao sto su prikupljanje, skladistenje, obradaiana-
liza zdravstvenih podataka, omoguc¢avaju donosenje
odluka zasnovanih na podacima i efikasno upravljanje
raspoloZivim resursima, Sto predstavlja sustinski deo
pruzanja dobre zdravstvene zastite [5]. Prema Svetskoj
zdravstvenoj organizaciji, cilj zdravstvenih informacio-
nih sistema je proizvodnja relevantnih informacija koje
omogucavaju transparentno i zasnovano donosenje
odluka u zdravstvenom sistemu [6,7]. Iz perspektive
zdravstvenih radnika, ZIS olak3ava prikupljanje i uprav-
lianje informacijama o pacijentima u razli¢itim uslovi-

INTRODUCTION

Health organizations must be strategically managed,
taking into account the complexity and diversity of
health services. This requires an integrated model of
information and knowledge, where strategic manage-
ment relies on the continual use of information tech-
nologies and systems [1]. Since the emergence of elec-
tronic information systems after the First World War,
particular attention in medicine has been devoted to
digital standards and health information systems (HIS)
[2]. These systems facilitate the fast and secure flow of
information, while ensuring continuous access to and
retrieval of data by healthcare professionals, thereby
supporting the quality of healthcare delivery [3].
Health information systems are a key component in
responding to the growing demands for healthcare, as
service quality plays a crucial role in preserving health.
The development and effective use of HIS significantly
contribute to improving that quality [4]. Well-designed
and effectively managed components of HIS, such
as the collection, storage, processing, and analysis of
health data, enable data-driven decision-making and
efficient resource management, both of which are es-
sential for delivering high-quality healthcare [5]. Ac-
cording to the World Health Organization, the prima-
ry goal of health information systems is to generate
relevant information that supports transparent, evi-
dence-based decision-making within the health sys-
tem [6,7]. From the perspective of healthcare profes-
sionals, HIS facilitate the collection and management
of patient data across various healthcare settings [8]. In
addition to supporting clinical care, HIS also contribute
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ma [8]. Pored toga, ZIS podrzava istrazivanje, nastavu
i kontrolu bolesti, kao i pracenje kvaliteta usluga [9].
Medutim, uspesno funkcionisanje ZIS-a zahteva ispu-
njenost politickih, administrativnih, organizacionih i
finansijskih preduslova, kao i odgovarajuce zakonske
okvire za zastitu podataka i njihovo deljenje.

Uprkos potrebi za kvalitetnim informacijama, mno-
gi zdravstveni informacioni sistemi u zemljama u ra-
zvoju suocavaju se sa izazovima kao 3to su: nedostatak
resursa, ogranic¢ena infrastruktura i potreba za ve¢om
koordinacijom [4]. lako ZIS nudi znacajne moguéno-
sti za poboljsanje kvaliteta usluga, optimizaciju admi-
nistrativnih procesa i jaCanje odgovora na vanredne
situacije u domenu javnog zdravlja, njegova efikasna
primena suocava se sa preprekama, kao $to su nedo-
statak obuke, problemi tehnoloske infrastrukture ili na-
doknade, otpor promenama, i pravna zastita podataka
[4]. Istrazivanje o nacinima prevazilazenja ovih izazova
je od sustinskog znacaja za kretanje ka otpornijem, pri-
stupacnijem i efikasnijem zdravstvenom sistemu.

Ciljevi istrazivanja su da se opiSe delotvornost po-
stojeceg zdravstvenog informacionog sistema Angole,
i utvrde izazovi za implementaciju i kori¢enje ZIS-a od
strane korisnika.

Pretpostavka u istrazivanju je da ZIS, u trenutnoj
formi, obezbeduje minimalan skup informacija neop-
hodnih za formulisanje predloga akcija, politika i praksi
kojima se moze doprineti unapredenju kvaliteta, finan-
siranja i upravljanja zdravstvenim uslugama, kao i sma-
njivanju nejednakosti u pristupu zdravstvenoj zastiti.

METOD RADA

U istrazivanju je primenjen pregled relevantne litera-
ture o ulozi ZIS u Angoli za kvalitativnhu analizu doku-
menata o preporucenim strategijama za njegovu tran-
sformaciju i efikasnost, indikatori koji opisuju IT obuku
za zdravstvene radnike i finansijske aspekte (ulaganja
u zdravstvenu zastitu i u zdravstvene informacione i
komunikacione tehnologije), uporedo sa kvantitativ-
nom analizom raspolozivih zdravstvenih indikatora u
ZIS Angole. U kvalitativnoj analizi primenjen je istorij-
sko-logi¢ki metod sa akcentom na razumevanju pore-
kla, razvoja i evolucije ZIS-a. Uz pomo¢ deduktivno-in-
duktivne metode ispitana je hipoteza o delotvornosti
ZIS-a Angole.

Za deskriptivnu kvantitativnu analizu ZIS-a Angole,
izabrani su SZO standardni kvalitativni i kvantitativni
indikatori, kao Sto su:

1. Zdravstvene politike (npr. strateski planovi i imple-
mentacija zdravstvenih informacionih sistema),
2. Zdravstveno stanje stanovnika:

a. Stopa obuhvata vakcinacijom;
b. Broj umrlih majki na 100.000 zivorodenih,

to research, education, disease surveillance, and the
monitoring of service quality [9]. However, their effec-
tive functioning depends on the fulfillment of several
preconditions, including political, administrative, or-
ganizational, and financial support, as well as the es-
tablishment of appropriate legal frameworks for data
protection and sharing.

Despite the growing need for high-quality informa-
tion, many health information systems in developing
countries face significant challenges, including limited
resources, inadequate infrastructure, and insufficient
coordination [4]. While HIS offer substantial opportuni-
ties to enhance service quality, optimize administrative
processes, and strengthen responses to public health
emergencies, their effective implementation is often
hindered by obstacles such as inadequate training, in-
sufficient technological infrastructure, reimbursement
issues, resistance to change, and gaps in legal frame-
works for data protection [4]. Research aimed at over-
coming these challenges is essential for building a more
resilient, accessible, and efficient healthcare system.

The objectives of this research are to evaluate the
effectiveness of Angola’s existing health information
system and to identify the key challenges faced by us-
ers in its implementation and utilization.

The central assumption of the study is that, in its cur-
rent form, HIS Angola provides at least a minimum set
of essential information needed to formulate actionable
proposals, policies, and practices aimed atimproving the
quality, financing, and management of health services,
as well as reducing disparities in access to healthcare.

METHODOLOGY

The research employed a review of relevant literature
on the role of HIS in Angola to conduct a qualitative
analysis of documents outlining recommended strate-
gies for its transformation and improved efficiency. This
included indicators related to IT training for healthcare
workers and financial aspects, such as investments in
healthcare and in health information and communi-
cation technologies, alongside a quantitative analysis
of the available health indicators within Angola’s HIS.
The qualitative analysis employed the historical-logi-
cal method, with a focus on understanding the origin,
development, and evolution of HIS. The deductive-in-
ductive method was used to examine the hypothesis
regarding the effectiveness of Angola’s HIS.

For the descriptive quantitative analysis of Angola’s
HIS, WHO-standard qualitative and quantitative indica-
tors were selected, such as:

1. Health policies (e.g., strategic plans and implemen-
tation of health information systems);

2. Population health status:
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c. Stopa mortaliteta novorodencadi na 1.000 Zivo-
rodenih,

d. Procenat populacije sa dijagnozom hroni¢nih
bolesti, kao $to su dijabetes i hipertenzija,

e. Broj novih slucajeva zaraznih bolesti, kao 5to su
malarija, tuberkuloza i HIV/AIDS, na 100.000 sta-
novnika.

3. Pruzanje zdravstvenih usluga (npr. pristup i koris-
¢enje) i performanse zdravstvenog sistema (pokri-
venost prenatalnom zdravstvenom zastitom):

a. Obezbedenost kadrovima: Broj lekara na 10.000
stanovnika; broj medicinskih sestara na 10.000
stanovnika;

b. Indikatori strukture zaposlenih: % zaposlenih le-
kara; % medicinskih sestara zaposlenih u bolni-
cama i proporcija broja medicinskih sestara po
jednom lekaru;

¢. Procenat stanovnistva koji ima pristup osnovnim
zdravstvenim uslugama, ukljucujuc¢i medicinske
konsultacije i bolnice;

d. Ukupan broj konsultacija jednog lekara u pri-
marnoj zdravstvenoj zastiti;

e. Procenat trudnica koje primaju adekvatnu pre-
natalnu zdravstvenu zastitu;

f. Stopa hospitalizacije: broj hospitalizacija na 100
stanovnika;

g. Stopa popunjenosti bolnickih kreveta.

Obradeni podaci su prikazani u tabelarnom i gra-
fickom obliku, $to olaksava njihovu vizualizaciju u kon-
tekstu transformacije i efikasnosti zdravstvenog siste-
ma Angole.

REZULTATI

Karakteristike zdravstvenog sistema, i
delotvornost ZIS-a Angole

Jedinstveni zdravstveni sistem u Angoli uspostavljen
je 1975. godine (zakon 9/75) i fokusiran je na primar-
nu zdravstvenu zastitu, prevenciju bolesti, promociju
zdravlja, negu u zajednici, ukljucivanje stanovnistva u
donosenje odluka, kao i zastitu najugrozenijih grupa.
Civilna registracija i vitalna statistika (CRVS) su osnovni
izvori podatka ne samo za zdravstveni sektor vec i za
administrativni sistem [10]. Zbog dugogodisnje kolo-
nijalne vladavine i gradanskog rata u Angoli koji je tra-
jao 27 godina nakon sticanja nezavisnosti 1975. godi-
ne, dugi niz godina nije vren popis stanovnistva. Prvo
nacionalno demografsko i zdravstveno istrazivanje u
Angoli, i ¢etvrto istrazivanje viSestrukih indikatora (ra-
danja, zdravlja dece i majki, ishrane i zaraznih bolesti)
sprovedeno je izmedu oktobra 2015. i marta 2016. go-
dine, i ono danas obezbeduje vazne informacije za pra-

CHALLENGES AND OPPORTUNITIES

Vaccination coverage rate;

Maternal mortality rate per 100,000 live births;

Neonatal mortality rate per 1,000 live births;

Percentage of the population diagnosed with

chronic diseases, such as diabetes and hyperten-

sion;

e. Number of new cases of infectious diseases,
such as malaria, tuberculosis, and HIV/AIDS, per
100,000 population.

3. Healthcare service delivery (e.g., access and utiliza-
tion) and health system performance (e.g., cover-
age of prenatal care):

a. Human resource availability: number of physi-
cians per 10,000 population; number of nurses
per 10,000 population;

b. Workforce structure indicators: % of employed
physicians; % of nurses employed in hospitals;
and the nurse-to-physician ratio;

c. Percentage of the population with access to ba-
sic healthcare services, including medical con-
sultations and hospital care;

d. Total number of consultations per physician in
primary healthcare;

e. Percentage of pregnant women receiving ade-
quate prenatal care;

f. Hospitalization rate: number of hospitalizations
per 100 population;

g. Hospital bed occupancy rate.

on oo

The analyzed data are presented in both tabular
and graphical formats, facilitating their visualization in
the context of the transformation and efficiency of An-
gola’s health system.

RESULTS

Characteristics of the Health System and the
Effectiveness of Angola’s HIS

Angola’s distinctive health system, established in 1975
under Law 9/75, is focused on primary health care, dis-
ease prevention, health promotion, community-based
care, inclusive decision-making, and the protection
of vulnerable populations. Civil Registration and Vital
Statistics (CRVS) serve as fundamental data sources
not only for the health sector but also for the broader
administrative system [10]. Due to Angola’s prolonged
colonial history and the 27-year civil war that followed
itsindependence in 1975, the country went many years
without conducting a population census. The first Na-
tional Demographic and Health Survey, along with the
fourth Multiple Indicator Survey, covering births, child
and maternal health, nutrition, and infectious diseas-
es, was carried out between October 2015 and March
2016.These data now serve as a vital resource for mon-
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¢enje napretka i procenu uspeha zdravstvenih politika
i programa [11].

Zdravstvenim informacionim sistemom u Angoli
upravlja autonomna kancelarija u okviru Ministarstva
zdravlja: Kancelarija za studije, planiranje i statistiku
(GEPE). Ministarstvo zdravlja od 2015. godine preno-
si svoj informacioni sistem na okruzni softver (engl.
District Health Information Software2 (DHIS2)) kako bi
podaci bili vidljiviji i kako bi se osigurala veéa podrs-
ka donosenju odluka. Platforma DHIS2 je promovisana
uz podriku partnera kao sto su SZO, USAID i UNICEF.
Na ovoj platformi, podaci se u Zdravstvenim jedini-
cama prikupljaju i izveStavaju u papirnom formatu.
Oni se zatim agregiraju i prijavljuju u sistem na nivou
grada. Neki programi i dalje koriste paralelne sisteme
izvestavanja, jer imaju za cilj prikupljanje specifi¢nih
informacija koje se ne mogu dobiti putem formalnog
sistema izveStavanja. Jedan primer za to su podaci koji
se odnose na kontrolu zanemarenih tropskih bolesti,
koji se takode prikupljaju tokom masovnih kampanja
distribucije lekova. U ovim slucajevima, podaci se pri-
kupljaju iz Skola i zajednica, a zatim se objedinjuju na
nivou okruga, pri ¢emu se veci deo procesa jos uvek
obavlja na papiru. Svi ovi sistemi su od sustinskog zna-
Caja za podrsku zdravstvenim politikama zasnovanim
na dokazima, olaksavajudi efikasnu alokaciju resursa i
pracenje zdravstvenih indikatora u realnom vremenu.

Prema izvestaju Luande o zdravstvenom sektoru
u Angoli, koji je objavila ambasada Indije u Angoli u
maju 2022. godine, Angola je zemlja sa viSim srednjim
prihodima sa 33 miliona stanovnika i 67 procenata ur-
banog stanovinistva. Ocekivani Zivotni vek pri rodenju
u Angoli je 63,1 godina. Prema polu, stanovnistvo ¢ini
49,4% muskaraca i 50,6% Zena. Siromastvo se proce-
njuje na oko 48,4 odsto, prema najnovijim podacima iz
2019, koristeci 1,9 dolara po osobi dnevno. Prema po-
dacima Svetske banke, 2020. godine samo 2,96% bruto
domaceg proizvoda Angole je izdvojeno za zdravstve-
nu potrodnju. Isti izvor kaze da je Vlada Angole podr-
zala oko 42% ukupnog budZeta za zdravstveni sektor
u 2018. godini, dok su ostatak podrzali multilateralni
i bilateralni partneri koji saraduju u Angoli u oblasti
zdravstvene zastite. Medutim, varijabilnost u bruto
domadem proizvodu, Cesto pod uticajem promeniji-
vih cena nafte, uti¢e na sposobnost vlade da investira
u delotvorne sisteme prikupljanja i analize podataka.
Angola ima veliku radnu snagu sa 52% stanovnistva u
starosnoj grupi od 15 do 64 godine, i visoku stopu fer-
tiliteta od 5,6 zivrodenih po Zeni. Prema Nacionalnom
strateSkom planu za zanemarene tropske bolesti u An-
goli (2021-2025) i Nacionalnom institutu za statistiku,
mapiranja epidemioloske situacije obavljena u periodu
od 2014. do 2018-2019. godine omogucila su azurira-

itoring progress and assessing the effectiveness of
health policies and programs [11].

Angola’s health information system is overseen by
an autonomous body within the Ministry of Health-the
Office of Studies, Planning, and Statistics (GEPE). Since
2015, the Ministry of Health has been transitioning its
health information system to the District Health In-
formation Software 2 (DHIS2) platform, aiming to en-
hance data visibility and strengthen support for deci-
sion-making. The implementation of DHIS2 has been
supported by key partners, including WHO, USAID,
and UNICEF. On the DHIS2 platform, data are initially
collected in paper format at Health facilities, then ag-
gregated and submitted to the central system at the
municipal or provincial level. However, some programs
continue to use parallel reporting systems to capture
specialized data that are not accommodated by the
standard reporting framework. One example is data
related to the control of neglected tropical diseases,
which are also collected during mass drug administra-
tion campaigns. In such cases, data are gathered from
schools and communities and then aggregated at the
district level, much of it still recorded and processed
manually on paper. Together, these systems play a crit-
ical role in supporting evidence-based health policy-
making by enabling efficient resource allocation and
real-time monitoring of key health indicators.

According to the Luanda Report on the health sec-
tor in Angola, published by the Embassy of India in May
2022, Angola is classified as an upper-middle-income
country, with a population of 33 million, 67% of whom
reside in urban areas. The country’s life expectancy at
birth is 63.1 years. By gender, the population is com-
posed of 49.4% men and 50.6% women. Poverty af-
fects an estimated 48.4% of the population, based on
2019 data using the international poverty line of $1.90
per person per day. According to World Bank figures,
only 2.96% of Angola’s gross domestic product was
allocated to health expenditure in 2020. According to
the same source, the Government of Angola financed
approximately 42% of the total health sector budget
in 2018, with the remainder covered by multilateral
and bilateral partners engaged in health cooperation.
However, fluctuations in gross domestic product, often
driven by volatile oil prices, continue to impact the gov-
ernment’s capacity to invest consistently in robust data
collection and analysis systems. Angola has a sizable
labor force, with 52% of the population aged between
15 and 64, alongside a high fertility rate of 5.6 live births
per woman. According to the National Strategic Plan
for Neglected Tropical Diseases (2021-2025) and data
from the National Institute of Statistics, epidemiologi-
cal mapping conducted between 2014 and 2018-2019
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nje podataka o tropskim bolestima, najpre Sistosomija-
zi, koja su od sustinskog znacaja za planiranje masov-
nih kampanja dehelmintizacije [12,13].

Program “Jaanje angolskog zdravstvenog sistema
odigrao je klju¢nu ulogu u podrsci vladi Angole u in-
stitucionalizaciji nacionalnih politika zdravlja i razvoju
alata za jaanje ZIS-a [14]. Ovaj Program je podrzao
stvaranje DHIS2 korisnickog priru¢nika i prateceg teh-
ni¢kog priru¢nika. Kada je uveden, radilo se na azurira-
nju informacija, politika i protokola u oblastima kao $to
su HIV, planiranje porodice i malarija i vakcinacija, ali je
kasnije prosiren na informacije o tuberkulozi i aktivno-
stima zajednice, kao 3to su one koje sprovodi ADECOS
(Agenti za razvoj zajednice i zdravlje) [10]. Od 2019. go-
dine, Nacionalni program za kontrolu zanemarenih za-
raznih bolesti (PNCDTN) radi na integraciji ovih podata-
ka u DHIS2, obezbedujuci da se sve informacije eviden-
tiraju u sistemu, omogucavajuci kontinuirano pracenje
i efikasno konsultovanje rezultata. Ovakvi napori su bili
od sustinske vaznosti da bi se obezbedilo prikupljanje
podataka i koris¢enje informisanog donosenja odluka,
kako na centralnom tako i na lokalnom nivou.

Na centralnom nivou, kroz program Jac¢anje angol-
skog zdravstvenog sistema uspostavljena je centralizo-
vana baza podataka zasnovana na DHIS2 za Ministar-
stvo zdravlja, Sto je omogucdilo pracenje 125 zdravstve-
nih indikatora [15]. Da bi poboljsalo upravljanje infor-
macijama u zdravstvenim ustanovama, Ministarstvo
zdravlja Angole koristi skup podataka pod nazivom
Health Maps, kojim upravlja GEPE Odeljenje za istra-
Zivanje i projekte. Ove mape ukljucuju geografske in-
formacije o zdravstvenim ustanovama, kao i podatke o
broju stru¢njaka, infrastrukturi, dostupnim uslugama,
bolni¢kim krevetima, ambulantnim i drugim transport-
nim vozilima u svakoj opstini.

Vazno je istadi da su i na opStinskom nivou poma-
ci bili znacajni. U Huambu, na primer, Program Jacanje
angolskih zdravstvenih sistema obudio je 52 zdrav-
stvene jedinice i Pokrajinsku direkciju za zdravstvo da
koriste digitalne alate, kao 3to je Excel, za izradu me-
secnih izvestaja, 5to je rezultiralo smanjenjem gresaka
u izveStavanju i poboljsanim kvalitetom podataka. U
Luandi je Program uspeo da smanji procenat gre3aka
u izvestajima o registraciji HIV-a sa 9,05% na 1,58% u
ciljnim zdravstvenim jedinicama, demonstrirajudi uti-
caj efikasnog koris¢enja ZIS-a. Program je takode do-
prineo poboljsanju blagovremenog podnosenja me-
secnih izvestaja o planiranju porodice, sa pove¢anjem
uskladenosti sa 40% na 92% [15]. Pored toga, Program
je ulozio napore da se opstinski i okruzni menadzeri
obuce koris¢enju podataka u formulisanju zdravstve-
nih planova i budzeta. Huambo je kroz Program posta-
la prva provincija u zemlji koja je razvila zdravstvene

”

CHALLENGES AND OPPORTUNITIES

updated critical information on tropical diseases, par-
ticularly schistosomias, which is essential for the effec-
tive planning of mass deworming campaigns [12,13].

The program “Strengthening the Angolan Health
System” has played a key role in supporting the An-
golan government with the institutionalization of na-
tional health policies and the development of tools to
enhance the Health Information System (HIS) [14]. This
program supported the development of the DHIS2
User Manual along with its accompanying technical
guide. Upon its introduction, the program focused on
updating information, policies, and protocols in key
areas such as HIV, family planning, malaria, and im-
munization. It was subsequently expanded to include
data on tuberculosis and community-based activi-
ties, including those conducted by ADECOS (Agents
for Community Development and Health) [10]. Since
2019, the National Program for the Control of Neglect-
ed Communicable Diseases (PNCDTN) has been work-
ing to integrate its data into the DHIS2 platform, ensur-
ing comprehensive recording of information to enable
continuous monitoring and efficient access to results.
These efforts have been crucial in supporting informed
decision-making at both central and local levels.

At the central level, the program Strengthening the
Angolan Health System established a centralized DHIS2-
based database for the Ministry of Health, enabling the
monitoring of 125 key health indicators [15]. To enhance
information management at health facilities, the Minis-
try utilizes a dataset known as Health Maps, maintained
by the GEPE Research and Projects Department. These
maps provide geographic information on health facil-
ities, alongside detailed data on staffing levels, infra-
structure, available services, hospital beds, ambulances,
and other transport vehicles within each municipality.

Significant improvements were also achieved
at the municipal level. In Huambo, for example, the
program Strengthening the Angolan Health System
trained 52 health units and the Provincial Directorate
of Health to use digital tools, such as Excel, for gener-
ating monthly reports. This training led to a reduction
in reporting errors and a marked improvement in data
quality. In Luanda, the program successfully decreased
errors in HIV registration reports within target health
units from 9.05% to 1.58%, highlighting the positive
impact of effective HIS utilization. The program also
contributed significantly to improving the timely sub-
mission of monthly family planning reports, with com-
pliance rising from 40% to 92% [15]. Additionally, it
focused on training municipal and district managers
in data utilization for health planning and budgeting.
As a result, Huambo became the first province in An-
gola to develop comprehensive health plans for all its
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planove za sve svoje opstine. Naime, Program je podr-
Zao razvoj petogodisnjeg pokrajinskog zdravstvenog
planai 11 opstinskih zdravstvenih planova.

Prema najnovijoj proceni SZO, Angola je napravila
znacajan korak u jacanju svog zdravstvenog sistema,
isporukom tehnoloske opreme GEPE-u, uz podrsku
Evropske unije (EU). U okviru to donacije, Sest laptopo-
va, od kojih pet finansira EU, namenjeno je unaprede-
nju mogucénosti ZIS-a. Ova donacija je deo vece inici-
jative koja ukljucuje isporuku 64 laptopa i 354 pamet-
na telefona za tehni¢ku opremu Ministarstva zdravlja
[16]. Pored toga, GEPE, uz podrsku SZO, radi na reviziji
Nacionalnog plana razvoja zdravstva i Strateskog pla-
na Nacionalnog zdravstvenog informacionog sistema
(PESIS), kao deo napora za jacanje ZIS-a u zemlji. Me-
dutim, Angola se i dalje suoc¢ava sa izazovima u pobolj-
sanju dostupnosti informacija o klju¢nim razvojnim
indikatorima, kao sto su ciljevi odrzivog razvoja (SDG)
za zdravlje, registraciju rodenja i uzroke smrti, koji su
propisno sertifikovani od strane bolnica na osnovu
glavne dijagnosticke kategorije (ICD-10/11), izmedu
ostalih [17]. SZO podrska je stoga usmerena ka opera-
cionalizaciji Nacionalnog zdravstvenog informaciono-
ig sistema (NHIS), i razvoju novog strateskog plana za
nacionalni zdravstveniinformacioni sistem 2024-2030,
koji ¢e pruziti strateSke smernice za jacanje nacional-
nog zdravstvenog sistema.

Uz napredak tehnologijeikontinuiranirazvojzdrav-
stvenog sektora u zemlji, Ministarstvo zdravlja Angole
(MINSA), u partnerstvu sa SZO i uz finansijsku podrsku
Evropske unije, pokrenulo je proces prikupljanja poda-
taka za Strateski Plan Nacionalnog ZIS-a 2024-2030.
Cilj je unapredenje kvaliteta zdravstvenih usluga u
Angoli, uz ucesce stru¢njaka iz razlicitih vladinih ode-
lienja, agencija UN i medunarodnih organizacija, pod
vodstvom GEPE i Regionalne kancelarije SZO za Afriku
[18]. Medu inicijativama, SZO je posvecena obucavanju
nacionalnog tima o metodologiji za reviziju nacional-
nog zdravstvenog informacionog sistema, osigurava-
juci da zemlja ostvari odrZiv napredak u jacanju svog
zdravstvenog informacionog sistema.

Izazovi za implementaciju i koris¢enje ZIS-a

Iz perspektive Caneca, uzimajuci u obzir istorijske,
drustvene, politicke i ekonomske uslove u zemlji, ra-
sprava o zdravstvenom sektoru ukazuje na to da su iza-
zovi znacajni, ali i dostignuca vredna paznje, narocito
nakon godina gradanskog rata. Nakon rekonstrukcije
zemlje, zdravstveni sistem Angole se suocio sa potes-
koc¢ama u efikasnom organizovanju zdravstvenih infor-
macija [19]. Nedostatak pouzdanih podataka ometao
je formulisanje politike javnog zdravlja zasnovane na
dokazima. Unistenje infrastrukture i nedostatak funk-

municipalities. Specifically, the program supported the
creation of a five-year provincial health plan alongside
11 municipal health plans.

According to the latest WHO assessment, Ango-
la has made significant progress in strengthening its
health system through the provision of technological
equipment to GEPE, supported by the European Union
(EV). This donation includes six laptops, five of which
were financed by the EU, aimed at enhancing the ca-
pacity and effectiveness of HIS. This donation is part
of a broader initiative that includes the provision of 64
laptops and 354 smartphones to support the technical
infrastructure of the Ministry of Health [16]. Additional-
ly, with support from WHO, GEPE is engaged in revising
the National Health Development Plan and the Stra-
tegic Plan for the National Health Information System
(PESIS), as part of ongoing efforts to strengthen HIS
nationwide. Despite these advances, Angola contin-
ues to face challenges in improving the availability and
quality of data on key development indicators, such as
the Sustainable Development Goals (SDGs) related to
health, birth registration, and certified causes of death
based on hospital diagnoses following ICD-10/11 classi-
fications, among others [17]. WHO support is therefore
focused on operationalizing the National Health Infor-
mation System (NHIS) and developing a new strategic
plan for 2024-2030, which will provide comprehensive
guidance for strengthening the national health system.

With advancing technology and ongoing develop-
ment in Angola’s health sector, the Ministry of Health
(MINSA), in partnership with WHO and with financial
support from the European Union, has initiated data
collection for the Strategic Plan of the National Health
Information System (NHIS) 2024-2030. This effort aims
to enhance the quality of health services across the
country, involving experts from various government
ministries, UN agencies, and international organiza-
tions, under the leadership of GEPE and the WHO Re-
gional Office for Africa [18]. Among its initiatives, WHO
is committed to training the national team on auditing
methodologies for the health information system, en-
suring sustainable progress in strengthening Angola’s
health data infrastructure.

Challenges in implementing and utilizing HIS

From Caneca’s perspective, considering Angola’s histor-
ical, social, political, and economic context, the health
sector faces significant challenges, yet notable achieve-
ments have been made-especially following years of
civil war. During the country’s reconstruction, Ango-
la's health system struggled to efficiently organize and
manage health information [19]. The absence of reliable
data has impeded the development of evidence-based
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cionalnog sistema zdravstvene zastite istakli su hitnu
potrebu za efikasnijim ZIS-om, sposobnim da obezbe-
di pouzdane podatke za donosenje odluka i poboljsa-
nje pruzanja zdravstvenih usluga.

ZIS ima kvantitativne podatke — opis zdravstvenog
statusa i mortaliteta stanovnistva tokom vremena, ana-
lizu uzroc¢nosti zdravstvenih problema, kvantifikaciju
povezanosti zdravstvenih ishoda i faktora rizika ili za-
Stitnih faktora i procenu efikasnosti programa javnog
zdravlja i zdravstvenih intervencija. Ipak, u ZIS Angole
nedostaje kohezija zbog fragmentiranog razvoja na-
stalog pod administrativnim i ekonomskim pritiscima
tokom vremena [20]. Prema Sanjuluci, bolni¢ka zdrav-
stvena zastita u Angoli nije efikasna. Ne postoji ade-
kvatno prikupljanje niti generisanje podataka o finan-
siranju zdravstva, niti o zdravstvenim rashodima, Sto
otezava pracenje pravicnosti [21]. Fragmentacija ZIS-a
u Angoli rezultira nedovoljno povezanim prikazom
zdravstvenog stanja pacijenata, jer bolnice, laboratori-
je i stru¢njaci ne razmenjuju informacije zbog ¢uvanja
podataka u razli¢itim, nepovezanim bazama podataka.
Stoga je neophodno da Angola unapredi svoj ZIS kako
bi on postao relevantan alat za informisanje menadze-
ra i planera u zdravstvenom sistemu, kao i da dopri-
nese povecanju efikasnosti upravljanja zdravstvenim
ustanovama.

Ovi izazovi, kao $to su nedostatak pouzdanih poda-
taka i fragmentacija operacija u sistemu, poceli su da se
reSavaju uz podrsku Nacionalnog instituta za statistiku,
koji je odigrao klju¢nu ulogu u integraciji podataka iz
razli¢itih izvora, olakSavajuci razvoj ZIS-a koji je kohe-
rentniji i efikasan. Stoga je zdravstveni informacioni
sistem, podrzan od strane Nacionalnog instituta za sta-
tistiku, bio klju¢ni odgovor za reSavanje nedostataka u
prikupljanju podataka i pra¢enju zdravstvenih indika-
tora. Nacionalni institut za statistiku u Angoli odigrao
je kljuénu ulogu u integraciji podataka iz razli¢itih
izvora, omogucavajudi bolje razumevanje zdravstvene
situacije u zemlji.

Posvecenost Angole jacanju zdravstvenog sistema
evidentirana je u izvestajima o specijalizovanoj obu-
ci stru¢njaka u vezi sa implementacijom i korid¢enjem
zdravstvenih informacionih sistema u Angoli. Dodatna
edukacija je bilausmerena na ja¢anje znanja o prevenciji
i kontroliinfekcija povezanih sa zdravstvenom zastitom.
U 2023. godini odrzano je pet radionica u provincijama
Huambo, Uige, Luanda, Cunene i Moxico, na kojima je
obuceno 260 tehnicara sa fokusom na usavrsavanje
prakti¢nih vestina i znanja potrebnih za efikasno uprav-
ljanje zdravstvenih rizicima [22]. Stavide, Ministarstvo
zdravlja Angole, uz podrsku SZO, sprovelo je obuku o
epidemioloskoj obavestajnoj sluzbi i koris¢enju DHIS2,
sistema upravljanja zdravstvenim informacijama, sa ci-

CHALLENGES AND OPPORTUNITIES

public health policies. The destruction of infrastructure
and the breakdown of the healthcare system have un-
derscored the urgent need for a more efficient HIS that
can deliver accurate data to support decision-making
and enhance the delivery of health services.

HIS provides quantitative data, including descrip-
tions of population health status and mortality trends
over time, analyses of the causes of health problems,
quantification of relationships between health out-
comes and risk or protective factors, and evaluations
of the effectiveness of public health programs and in-
terventions. However, Angola’s HIS suffers from a lack
of cohesion, resulting from fragmented development
shaped by administrative and economic pressures over
the years [20]. According to Sanjuluca, hospital health-
care in Angola remains inefficient. There is inadequate
collection and generation of data on health financing
and expenditures, which hampers effective monitoring
of equity [21]. The fragmentation of Angola’s Health In-
formation System (HIS) results in a poorly connected
representation of patients’ health status, as hospitals,
laboratories, and specialists do not share information
due to data being stored in separate, disconnected da-
tabases. Therefore, it is essential for Angola to strength-
en its HIS, transforming it into a valuable tool for health
system managers and planners, while also enhancing
the efficiency of health institution management.

Challenges such as unreliable data and system frag-
mentation began to be addressed with the support of
the National Institute of Statistics, which played a piv-
otal role in integrating data from multiple sources. This
integration facilitated the development of a more co-
herent and efficient Health Information System (HIS).
Consequently, HIS, backed by the National Institute of
Statistics, became a crucial tool in closing gaps in data
collection and monitoring of health indicators, enabling
a clearer understanding of Angola’s health situation.

Angola’s commitment to strengthening its health
system is documented in reports detailing specialized
training for experts on the implementation and use
of health information systems. Additional training fo-
cused on enhancing knowledge of the prevention and
control of healthcare-associated infections. In 2023,
five workshops were conducted across the provinces
of Huambo, Uige, Luanda, Cunene, and Moxico, where
260 technicians received training aimed at improving
the practical skills and expertise necessary for effective
health risk management [22]. Furthermore, with sup-
port from WHO, the Angolan Ministry of Health con-
ducted training on epidemiological intelligence and
the use of DHIS2, a health information management
system, to enhance disease surveillance and health
data management. Epidemiological intelligence is an
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liem poboljsanja nadzora nad bolestima i upravljanja
zdravstvenim podacima. EpidemioloSka obavestajna
sluzba predstavlja pristup usmeren na unapredenje
nadzora javnog zdravlja, koriste¢i napredne podatke
i tehnologije za analizu rizika i podrsku u dono3enju
odluka. Umesto da samo prati bolesti, epidemioloska
obavestajna sluzba tezi da predvidi rizike i pruzi tatne
informacije kako bi zastitila zdravlje stanovnistva.

Prema analizi opsteg drzavnog budzeta, koju je
sproveo UNICEF Angole, opsti drzavni budzet za 2024.
procenjen je na 24,7 milijardi kwanzas, od ¢ega je 5,5
odsto (oko 1,36 milijardi kvanza) izdvojeno za zdrav-
stvo. Budzet za zdravstvo za 2024. godinu predstavlja
nominalno povecanje od 1,3 odsto u odnosu na 2023.
godinu. Prema iznetim podacima, znacajan deo budze-
ta je usmeren na izgradnju, prekvalifikaciju i oprema-
nje zdravstvene infrastrukture, sto ima za cilj prosirenje
pristupa i kvaliteta usluga u razli¢itim regionima zemlje
[23]. Stavise, budzet takode naglasava vaznost ljudskog
kapitala, sa resursima dodeljenim za obuku i kvalifika-
ciju zdravstvenih radnika. Programi usmereni na borbu
protiv pothranjenosti dece, vakcinaciju protiv malari-
je i druge aktivnosti javnog zdravlja dobijaju znacajna
ulaganja, uskladujuci se sa prioritetima vlade za po-
boljsanje zdravlja stanovnistva. Medutim, alokacija za
zdravstvene informacione i komunikacione tehnologije,
iako prisutna, i dalje je ogranicena, $to sugerise da ovoj
oblasti treba posvetiti vise paznje kako bi se poboljsalo
upravljanje zdravstvenim uslugama i njihova efikasnost.

Glavni cilj ZIS-a u Angoli je poboljsanje prikuplja-
nja, obrada, analiza i Sirenje zdravstvenih informacija
za unapredenje koordinacije i dostupnosti, kvaliteta i
efikasnosti zdravstvenih intervencija. Trenutno, uprav-
lijanje ZIS-om predstavlja jedan od glavnih izazova za
zdravstvene ustanove u celini, a posebno za bolnice,
narocito kada teze unapredenju klini¢kih i administra-
tivnih procesa dono3enja odluka zasnovanih na in-
formacionim tehnologijama [21]. Stoga, kako Angola
bude napredovala u obnovi svog zdravstvenog siste-
ma, jaCanje ZIS-a bic¢e od klju¢nog znacaja kako bi se
osiguralo da politike javnog zdravlja budu zasnovane
na dokazima, poboljSavajudi jednakost, dostupnost i
efikasnost usluga.

Indikatori u ZIS Angole

Analizom je potvrdeno da postojeci ZIS Angole pose-
duje 125 zdravstvenih indikatora neophodnih za for-
mulisanje predloga akcija, politika i praksi kojima se
moze doprineti unapredenju kvaliteta, finansiranja i
upravljanja zdravstvenim uslugama, kao i smanjivanju
nejednakosti u pristupu zdravstvenoj zastiti.

lako je DHIS2 osnovni alat za upravljanje zdravstve-
nim podacima, direktan pristup podacima koji se uno-

approach that strengthens public health surveillance
by leveraging advanced data analytics and technolo-
gies for risk assessment and decision-making support.
Beyond merely tracking diseases, epidemiological in-
telligence aims to predict health risks and deliver accu-
rate information to safeqguard population health.

According to an analysis of the general state bud-
get conducted by UNICEF Angola, the 2024 budget is
estimated at 24.7 billion kwanzas, with approximately
5.5 percent (around 1.36 billion kwanzas) allocated to
health.This represents a nominal increase of 1.3 percent
in the health budget compared to 2023. A significant
portion of these funds is dedicated to the construction,
refurbishment, and equipping of health infrastructure,
aimed at expanding access to and improving the quali-
ty of services across various regions of the country [23].
Moreover, the budget underscores the importance of
human capital, allocating resources for the training and
professional development of health workers. Significant
investments are directed towards programs combating
child malnutrition, malaria vaccination, and other pub-
lic health initiatives, reflecting government priorities
to improve population health. However, funding for
health information and communication technologies,
while included, remains limited, indicating a need for
greater focus in this area to enhance the management
and efficiency of health services.

The primary goal of HIS in Angola is to enhance
the collection, processing, analysis, and dissemination
of health data to improve coordination, accessibility,
quality, and efficiency of health interventions. Current-
ly, managing the HIS remains one of the major chal-
lenges faced by healthcare institutions overall-and
hospitals in particular-especially as they seek to lever-
age information technologies to support more effec-
tive clinical and administrative decision-making [21].
Therefore, as Angola continues to rebuild its health
system, strengthening HIS will be essential to ensure
that public health policies are evidence-based, there-
by enhancing the equity, accessibility, and efficiency of
health services.

Health indicators within Angola’s HIS

The analysis confirmed that Angola’s HIS includes 125
health indicators, which are essential for developing
proposals for actions, policies, and practices aimed at
improving the quality, financing, and management of
health services, as well as reducing inequalities in ac-
cess to healthcare.

Although DHIS2 serves as a fundamental tool for
managing health data, direct access to the system is
restricted. Only authorized users, such as healthcare
technicians and managers, are permitted to access de-
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se u sistem je ograni¢en. Samo ovlasceni korisnici, kao
$to su zdravstveni tehnicari i menadzeri, mogu pristu-
piti detaljnim i osetljivim informacijama, obezbedujuci
privatnost i bezbednost podataka.

Stoga Kancelarija za studije, planiranje i statistiku
Ministarstva zdravlja Angole, kao delegirano telo Na-
cionalnog instituta za statistiku, objavljuje GodiSnjak
zdravstvene statistike, koji je rezultat rada zdravstvenih
tehnicara ukljucenih u zdravstveni informacioni sistem
na svim nivoima. Ovaj dokument predstavlja zdrav-
stvene indikatore stanovnistva Angole i sluzi kao zva-
ni¢na referenca za menadzere, partnere i Siru javnost.

Godidnjak zdravstvene statistike za 2021. godinu,
dostupan u stampanoj i digitalnoj verziji na veb stranici
Nacionalnog instituta za statistiku, pruza sveobuhvatan

Tabela 1. Grupe pokazatelja Zdravstvenog informacionog sistema Angole

1. Demografski pokazatelji

Ukupna populacija;

Indeks maskuliniteta (broj muskaraca na 100 Zena)
Gruba stopa mortaliteta;

Stopa smrtnosti novorodencadi;

Ocekivano trajanje Zivota pri rodenju.

. Pokazatelji ljudskih resursa i infrastrukture
o Broj lekara na 10.000 stanovnika;
o Broj medicinskih sestara na 10.000 stanovnika;
o Javnei privatne zdravstvene jedinice u zemlji.

3. Indikatori zdravstvenih usluga
o Ukupan broj obavljenih konsultacija;
o Konsultacije koje se obavljaju u bolnicama, domovima zdravlja i punkto-
vima;
Glavne specijalnosti koje pohadaju;
Stopa popunjenosti bolnica;
Prosecna duzina boravka u bolnici;
Promet bolnickih kreveta.

4. Indikatori morbiditeta
e Stopa incidencije: meri pojavu novih sluajeva bolesti u populaciji
tokom odredenog perioda.
e Stopa smrtnosti: oznacava procenat smrtnih ishoda medu osobama sa
dijagnostikovanom odredenom boleScu.
Smrti: broj smrtnih slucajeva uzrokovanih specificnom boles¢u ili stanjem.
Novi slu¢ajevi: odnosi se na broj novih slucajeva dijagnostikovane boles-
ti tokom odredenog perioda.
o Bolesti koje treba prijaviti, sa glavnim uzrocima morbiditeta, u opadaju-
¢em redosledu:
0  Akutne respiratorne bolesti (teSka upala pluca kod dece mlade od 5
godina),
o Dijareja sa dehidratacijom kod dece mlade od pet godina,
0 Teske akutne respiratorne infekcije kod dece starije od 5 godina.
0  Malarija: Glavni uzrok morbiditeta u zemlji.

5. Indikatori mortaliteta
o Stopa smrtnosti majki na 100.000 Zivorodenih;
o Stopa mortaliteta od bolesti koje treba prijaviti na 100.000 stanovnika;
o Stopa mortaliteta usled teske neuhranjenosti dece mlade od 5 godina
po pokrajinama na 100.000 stanovnika.

CHALLENGES AND OPPORTUNITIES

tailed and sensitive information, thereby ensuring data
privacy and security.

Therefore, the Office of Studies, Planning and Sta-
tistics of the Ministry of Health of Angola, acting as a
delegated body of the National Institute of Statistics,
publishes the Yearbook of health statistics. This publi-
cation reflects the work of health technicians engaged
in HIS at all levels. It presents key health indicators for
Angola’s population and serves as an official reference
for policymakers, partners, and the general public.

The Yearbook of Health Statistics 2021, available in
both print and digital formats on the website of the
National Institute of Statistics, offers a comprehensive
and detailed overview of the country’s health land-
scape and serves as a vital tool for decision-making.

Table 1. Indicator groups in Angola’s HIS

1. Demographicindicators
o Qverall population;
o  Masculinity ratio (number of males per 100 females);
o  (rude mortality rate;
o Infant mortality rate;
o Life expectancy at birth.

2. Indicators of human resources and infrastructure
o Number of physicians per 10,000 Inhabitants;
o Number of nurses per 10,000 Inhabitants;
o Total number of public and private health facilities in the country.

3. Health services indicators
o Total number of consultations performed;
e Number of consultations conducted in hospitals, health centers, and
health posts;
Primary medical specialties attended;
Hopital occupancy rate;
Average length of hospital stay;
Hospital bed turnover rate.

4, Morbidity indicators
e Incidence Rate: Measures the number of new cases of a disease occur-
ring in a population during a specific period.
o Mortality Rate: Indicates the percentage of deaths among individuals
diagnosed with a particular disease.
o Deaths: The total number of fatalities caused by a specific disease or
condition.
o New (ases: Refers to the number of newly diagnosed cases of a disease
within a defined time frame.
o Notifiable Diseases — Main Causes of Morbidity (in descending order):
0 Acute respiratory diseases (severe pneumonia in children under 5
years),
o Diarrhea with dehydration in children under 5 years,
0  Severe acute respiratory infections in children over 5 years,
0 Malaria, the leading cause of morbidity in the country.

5. Mortality indicators
o Maternal mortality rate per 100,000 live births;
o Mortality rate from notifiable diseases per 100,000 inhabitants;
e Mortality rate due to severe malnutrition among children under 5 years,
by province, per 100,000 inhabitants.
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CHALLENGES AND OPPORTUNITIES

i detaljan pregled zdravstvene situacije u zemlji i pred-
stavlja vazno sredstvo za donosenje odluka. Prema Go-
disSnjaku zdravstvene statistike za 2021, zdravstveni indi-
katori u Angoli su grupisani u poglavlja koja pokrivaju ra-
zli¢ite dimenzije Sistema [13]. Ovi pokazatelji su izvuceni
iz zdravstvenog informacionog sistema i nacionalnog
zdravstvenog sistema, a dopunjeni su demografskim
podacima Nacionalnog instituta za statistiku (Tabela 1).

Analiza pokazatelja u 2020.i2021. godini

Bolji obuhvat vakcinacijom kao Sto su BCG (78,8%) i Ro-
tavirus (68,5%) sugerise vecu posvecenost i efikasnost
u kampanjama vakcinacije koje se odnose na ove imu-
nizacije. S druge strane, niske stope obuhvata vakcina-
cijom protiv Zute groznice (44,0%), tetanusa i difterija
-TT2 (trudnice 1,7%) ukazuju na prepreke u pristupu
zdravstvenim uslugama, logisticke propuste i moguce
nedostatke u programima za specifi¢cne grupe, kao sto
su trudnice. Umereni obuhvat vakcinama u 2021. godi-
ni, kao 5to su hepatitis B (57,5%) i poliomijelitis (62,0%
neaktivan i 64,2% oralni), pneumokokna konjugovana
vakcina sa tri serotipa (Pneumo 3) (58,4%), pojacava
potrebu za intenziviranjem napora za proSirenjem vak-
cinacije.

Kao $to prikazuje Tabela 2, naj¢ed¢i direktni uzroci
maternalnog mortaliteta uklju¢uju krvarenje (77,59
smrtnih sluc¢ajeva u 2020. i 29,32 u 2021.), toksemiju

Tabela 2. Stopa maternalnog mortaliteta na 100.000 Zivorodene dece, direktni
i indirektni uzroci smrti, 2020. i 2021. godine

According to the publication, Angola’s health indica-
tors are organized into chapters reflecting various di-
mensions of the health system [13]. These indicators
are derived from the Health Information System and
the broader national health system, and are comple-
mented by demographic data provided by the Nation-
al Institute of Statistics (Table 1).

Indicator analysis for 2020-2021

Higher coveragerates forvaccines such as BCG (78.8%)
and Rotavirus (68.5%) indicate stronger commitment
and effectiveness in the implementation of vaccina-
tion campaigns targeting these diseases. In contrast,
low coverage for yellow fever (44.0%) and TT2 vacci-
nation among pregnant women (1.7%) points to chal-
lenges in healthcare access, logistical shortcomings,
and weaknesses in targeted immunization programs
for vulnerable groups, particularly pregnant women.
Moderate coverage levels in 2021 for vaccines such
as hepatitis B (57.5%), poliomyelitis (62.0% inactivat-
ed and 64.2% oral), and the pneumococcal conjugate
vaccine (Pneumo 3) (58.4%) underscore the need to
intensify efforts aimed at expanding immunization
outreach.

As shown in Table 2, the most common direct
causes of maternal mortality were hemorrhage (77.59
deaths in 2020 and 29.32 in 2021), toxemia (37.10 in

Table 2. Maternal Mortality Rate per 100,000 Live Births by Direct and Indirect
(Causes, 2020 and 2021

Uzroci/ Causes Preminule osobe u 2020./ Recorded deaths in 2020  Preminule osobe u 2021./ Recorded deaths in 2021
Direktni uzroci smrti / Direct causes of death
Krvarenje / Hemorrhage 71.59 29.32
Toksemija / Toxemia 37.10 54.15
Abortus / Abortion 11.76 59.08
Puerperalna infekcija / Puerperal infection 8.10 14.77
Ruptura Materice / Uterine rupture 1411 113
Ektopicna trudnoca / Ectopic pregnancy 131 3.85
Drugi uzroci / Other causes 37.88 82.62
Meduzbir / Subtotal 187.84 254.93
Indirektni uzroci smrti/ Indirect causes of death

Malarija / Malaria 19.07 61.64
HIV/AIDS / HIV/AIDS 4.96 7.71
Tuberkuloza / Tuberculosis 1.04 4.07
Hepatitis / Hepatitis 1.04 1.93
Drugi uzroci/ Other causes 25.08 73.63
Meduzbir / Subtotal 51.20 148.97
Ukupno / Total 239.04 403.90

Izvor: Izvestaji pokrajinskih uprava i bolnica, Nacionalno odeljenje za statistiku, GEPE-MIN-
SA/2019.

Source: Reports from Provincial Administrations and Hospitals; National Department of
Statistics, GEPE-MINSA (2019).
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(37,10 u 2020.i 54,15 u 2021.), i abortus (11,76 u 2020. i
59,08 u 2021. godini), dramati¢no povecanje slucajeva
abortusa izmedu 2020 2021. Pored toga, puerperalne
infekcije, ruptura materice i vanmateri¢na trudnoca ta-
kode su doprinele smrtnosti majki, sa ukupno 187,84
direktnih smrti u 2020. i 1.254,93 u 2021. godini. Indi-
rektni uzroci, kao $to su malarija (19,7 u 2020. i 61,64
u 2021.) i HIV/AIDS (4,96 u 2020.i 7,71 u 2021.), beleze
znacajan porast iz godine u godinu. Stavise, tuberku-
loza i hepatitis su takode medu vaznim indirektnim
uzrocima, $to ukazuje na potrebu za integrisanom
zdravstvenom politikom koja se efikasno bavi ovim
bolestima kako bi se smanjio uticaj na zdravlje majki.
Medutim, vazno je istaci da se dvostruko povecao uku-
pan broj smrtnih slucajeva kod majki, sa 239,04 u 2020.
na 403,90 u 2021. godini.

Grafikon 1 prikazuje stope neonatalne smrtnosti
u razli¢itim periodima ranog Zivota. Najvisa stopa je
zabeleZena u prvih 24 sata zivota (1,8). Ukupna stopa
neonatalne smrtnosti iznosila je je 7,03 na 1.000 Zivo-
rodenih, $to otkriva visok nivo rizika u neonatalnom
periodu i istice potrebu za poboljsanjem kvaliteta
zdravstvene zastite novorodencadi.

Prema izvestajima Nacionalne uprave za javno
zdravlje u Angoli i Zdravstveno-statistickom godisnja-
ku za 2021. godinu, ukupna populacija Angole u 2020.
iznosila je 33.428.486 stanovnika, a stopa novih sluca-
jeva visokog krvnog pritiska bila je 929,6 na 100.000
stanovnika. Procenat hipertenzivne populacije iznosio
je 0,93% u 2020. i 0,94% u 2021. godini, Sto ukazuje na
mali porast slucajeva hipertenzije i odrazava mogudi
trend porasta prevalencije ovog hroni¢nog stanja u ze-
mlji. Sto se ti¢e dijabetesa melitusa, stopa novoobolelih

1.8

CHALLENGES AND OPPORTUNITIES

2020 and 54.15 in 2021), and abortion (11.76 in 2020
and 59.08 in 2021), with a dramatic increase in abor-
tion-related deaths between the two years. Other
contributing factors included puerperal infections,
uterine rupture, and ectopic pregnancy. In total, direct
maternal deaths rose significantly from 187.84 in 2020
to 1,254.93 in 2021. Indirect causes of maternal mor-
tality, such as malaria (19.7 in 2020 and 61.64 in 2021)
and HIV/AIDS (4.96 in 2020 and 7.71 in 2021), showed
marked year-on-year increases. Tuberculosis and hep-
atitis also remained significant contributors, under-
scoring the need for an integrated health policy that
addresses these coexisting conditions to mitigate their
impact on maternal health. Notably, the total number
of maternal deaths nearly doubled, rising from 239.04
in 2020 to 403.90 in 2021.

Figure 1 shows the neonatal mortality rates across
different periods of early life. The highest rate was re-
corded within the first 24 hours of life (1.8). The overall
neonatal mortality rate was 7.03 per 1,000 live births,
indicating a high level of risk during the neonatal peri-
od and highlighting the need to improve the quality of
newborn healthcare.

According to the Angola National Public Health Ad-
ministration and the 2021 Health Statistical Yearbook,
Angola’s total population in 2020 was 33,428,486. The
incidence rate of new hypertension cases was 929.6
per 100,000 inhabitants. The prevalence of hyperten-
sion slightly increased from 0.93% in 2020 to 0.94%
in 2021, suggesting a potential upward trend in this
chronic condition. Regarding diabetes mellitus, the
incidence rate of new cases was 53.81 per 100,000 in
2020 and slightly decreased to 52.66 in 2021. However,

<ldan/
< 1day

ldan/
1 day
Grafikon 1. Stopa mortaliteta novorodencadi na 1.000 Zivorodenih

lzvor: Izvestaji Pokrajinskih direkcija, Narodne bolnice, Odeljenja za statistiku GEPE-
MINSA/2019. Obuhvata nacionalne i pokrajinske bolnice.

2-3dana/
2-3 days

4-6 dana /
4-6 days

7-28 dana /
7-28 days
Figure 1. Infant mortality rate per 1,000 live births

Source: Reports from Provincial Directorates and National Hospitals; Department of
Statistics, GEPE-MINSA (2019). Data includes both national and provincial hospitals.
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u 2020. godini iznosila je 53,81 na 100.000 stanovnika, a
u 2021.godini 52,66, dok je procenat stanovnistva sa di-
jabetesom bio 0,97% u 2020.i 1,88% u 2021. godini [13].

U istom periodu, u 2020. godini malarija je zabe-
leZila alarmantan broj od 22.974,06 novih slucajeva na
100.000 stanovnika, sto ukazuje na perzistenciju ove
bolesti u zemlji, koja i dalje predstavlja jedan od glav-
nih problema javnog zdravlja (Tabela 2). U 2021. godini,
broj slu¢ajeva malarije je ostao visok, sto ukazuje da,
uprkos naporima da se ona kontrolise i spreci, bolest
nastavlja da pogada veliki deo populacije. Sto se ti¢e
tuberkuloze, vidimo da ona i dalje predstavlja zdrav-
stveni problem, sa 192,94 novih slucajeva u 2020. lako
postoji blagi pad u 2021. sa 182,01 novih slu¢ajeva na
100.000 stanovnika, ova stopa i dalje pokazuje da je
tuberkuloza stalni izazov, posebno u regionima sa lo-
sijom infrastrukturom zdravstvene zastite gde rano ot-
krivanje i odgovarajuci tretman mogu biti ograniceni.
Jos jedan relevantan podatak je HIV/AIDS, sa 89,71 no-
vim slu¢ajem u 2020. godinii 115,24 slu¢aja na 100.000
stanovnika u 2021 [13]. lako je broj novih slucajeva
HIV-a opao, epidemija i dalje predstavlja jedan od glav-
nih izazova javnog zdravlja u Angoli. Za njeno uspesno
suzbijanje neophodni su snaZzne mere prevencije, ob-
razovanje i dostupnost efikasnih politika le¢enja, kao i
unapredenje zdravstvene infrastrukture, pristupa ranoj
dijagnozi i sprovodenje edukativnih kampanja koje
podsticu koris¢enje preventivnih metoda. Takode, vaz-
no je prosiriti obuhvat tretmanom, narocito u ruralnim
i ugrozenim sredinama.

Prema Nacionalnoj upravi za ljudske resurse, An-
gola ima samo 2,48 lekara i 16,45 medicinskih sestra-
ra na 10.000 stanovnika, i nejednaku distribuciju ovih
stru¢njaka izmedu ruralnih i urbanih podru¢ja. Prema
podacima iz Zdravstvenog statistickog godisnjaka An-
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Grafikon 2. Udeo zaposlenih lekara po sektorima (%)

Privatni sektor
/ Private sector

the proportion of the population living with diabetes
rose notably from 0.97% in 2020 to 1.88% in 2021 [13].
During the same period, malaria recorded an
alarming incidence of 22,974.06 new cases per 100,000
inhabitants in 2020, highlighting the disease’s per-
sistence as one of the country’s major public health
challenges (Table 2). In 2021, malaria case numbers
remained high, demonstrating that despite ongoing
control and prevention efforts, the disease continues
to affect a substantial portion of the population. Tuber-
culosis also remains a significant health concern, with
192.94 new cases per 100,000 inhabitants in 2020. Al-
though there was a slight decline to 182.01 new cases
per 100,000 in 2021, tuberculosis continues to pose
challenges-particularly in areas with limited health-
care infrastructure, where early diagnosis and effective
treatment may be insufficient. Additionally, HIV/AIDS
showed an increase, with 89.71 new cases per 100,000
in 2020 rising to 115.24 in 2021 [13]. Although the
number of new HIV cases has declined, the epidemic
remains one of Angola’s most pressing public health
challenges. Successfully controlling it requires robust
prevention strategies, comprehensive education, and
the widespread availability of effective treatment.
Equally important are improvements in healthcare in-
frastructure, enhanced access to early diagnosis, and
the implementation of educational campaigns that
promote preventive measures. Expanding treatment
coverage, particularly in rural and vulnerable commu-
nities, is also crucial to curbing the epidemic.
According to the National Human Resources Ad-
ministration, Angola has only 2.48 doctors and 16.45
nurses per 10,000 inhabitants, with a marked dispari-
ty in their distribution between rural and urban areas.
Data from the 2021 Health Statistical Yearbook of Ango-

13.0 14.3

Ostali sektori
/ Other sectors

Figure 2. Share of doctors employed across different sectors (%)
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gole za 2021. godinu, postoji i nejednaka distribucija
strukture zaposlenih lekara izmedu javnog, privatnog i
drugih sektora (Grafikon 2). Od ukupnog broja zaposle-
nih lekara, njih 5.610 (72,7%) radi u javnom sektoru, $to
ukazuje na vaznost javnog zdravstvenog sistema kao
glavnog poslodavca ovih stru¢njaka u zemlji. S druge
strane, privatni sektor zaposljava 12,96% lekara, dok
14,3% radi u drugim sektorima.

Prema izvestajima pokrajinske administracije i
zdravstveno-statistickom godiSnjaku za 2021, distri-
bucija medicinskih sestara u javnom sektoru u Angoli
pokazuje da je ukupan broj zaposlenih medicinskih se-
stara znacdajan, sa 40.006 medicinskih sestara koje rade
u javnom sektoru. Ova radna snaga predstavlja sustin-
sku osnovu za funkcionisanje sistema javnog zdravlja,
s obzirom da su medicinske sestre ¢esto odgovorne za
pruzanje direktne nege stanovnistvu i podrsku medi-
cinskim aktivnostima. Odnos medicinskih sestara pre-
ma broju lekaru u javnom sektoru je 7,13 medicinskih
sestara po lekaru, $to ukazuje na relativnho uravnote-
zenu raspodelu za zadovoljenje operativnih zahteva u
bolnicama i domovima zdravlja [13]. Ovaj odnos je od
klju€nog znacaja za to da lekari dobiju potrebnu podrs-
ku u brizi o pacijentima, ali takode ukazuje na potrebu
za unapredenjem obuke i zaposljavanja medicinskih
sestara u oblastima sa nedostatkom usluga, posebno
u ruralnim regionima.

Prema Nacionalnom strateSkom planu za zane-
marene tropske bolesti (PEN-DTNs) 2021-2025, koji
je zasnovan na informacijama iz Nacionalnog plana
razvoja Angole, podaci pokazuju da je 2012. godine
samo 44,6% stanovnistva imalo pristup fiksnim zdrav-
stvenim uslugama. Fiksne zdravstvene usluge u Angoli
odnose se na usluge koje se nude u stalnim i fizickim
jedinicama, kao 3to su bolnice, zdravstveni centri, kli-
nike i zdravstvene stanice, koje posluju na utvrdenim
lokacijama i sa fiksnom strukturom. Ova cinjenica je
odraz ograni¢enja zdravstvenog sistema, posebno na-
kon perioda gradanskog rata i znacajnih ostecéenja in-
frastrukture [12]. U 2017. godini pristup je povecan na
oko 50%, Sto predstavlja napredak, ali uprkos tome, i
dalje je polovina stanovnistva bez adekvatne pokrive-
nosti, posebno u najudaljenijim regionima. Stoga, ovo
skromno povecanje ukazuje na to da su, uprkos napo-
rima, strukturne barijere, kao $to su oskudica resursa,
nedostatak infrastrukture i nedostatak osoblja, i dalje
znacajni izazovi koje treba prevazidi da bi se unapredio
pristup zdravstvenim uslugama. Sa ukupno 5.610 leka-
ra u javnom sektoru, svaki lekar je tokom analiziranog
perioda (2021. godine) u proseku obavio 3.664 konsul-
tacije u primarnoj zdravstvenoj zastiti, 5to je ekvivalen-
tno brojci od preko 10 konsultacija po stru¢njaku na
dan, imajudi u vidu godinu dana neprekidnog rada.

CHALLENGES AND OPPORTUNITIES

la also reveals an uneven allocation of employed doc-
tors across public, private, and other sectors (Figure 2).
Of the total 5,610 employed doctors, 72.7% work in the
public sector, emphasizing the critical role of the pub-
lic health system as the primary employer of medical
specialists in the country. In contrast, 12.96% of doctors
are employed in the private sector, while 14.3% work in
other sectors.

According to provincial administration reports and
the 2021 Health Statistical Yearbook, Angola’s public
sector employs a substantial nursing workforce, with
40,006 nurses actively working in public health fa-
cilities. This workforce forms a vital pillar of the pub-
lic health system, as nurses frequently provide direct
patient care and support medical services. The nurse-
to-doctor ratio in the public sector stands at 7.13 to 1,
reflecting a relatively balanced distribution that helps
meet the operational needs of hospitals and health
centers [13]. This relationship is crucial for ensuring
that physicians receive the necessary support in pa-
tient care. However, it also highlights the urgent need
to enhance the training and deployment of nurses in
underserved areas, particularly in rural regions. Ac-
cording to the National Strategic Plan for Neglected
Tropical Diseases (PEN-DTNs) 2021-2025, which draws
on data from Angola’s National Development Plan,
only 44.6% of the population had access to fixed health
services in 2012. In Angola, fixed health services refer
to care provided at permanent, physical facilities such
as hospitals, health centers, clinics, and health stations,
all operating from fixed locations with established in-
frastructure. This low coverage reflects the ongoing
limitations of the health system, especially in the after-
math of the civil war, which caused extensive damage
to healthcare infrastructure [12]. By 2017, access to
fixed health services had increased to approximately
50%, marking progress; however, half of the popula-
tion, particularly those in the most remote areas, still
lacked adequate coverage. This modest improvement
underscores the persistent structural barriers such as
limited resources, inadequate infrastructure, and staff
shortages that continue to hinder expanded health-
care access. In the public sector, with a total of 5,610
doctors, each physician conducted an average of 3,664
primary healthcare consultations during 2021. This
workload amounts to over 10 consultations per doctor
per day, assuming continuous year-round work, high-
lighting the substantial demand placed on healthcare
specialists.

According to data from provincial administration
reports, national hospitals, and the 2021 Health Statis-
tical Yearbook of Angola, a substantial number of preg-
nant women received prenatal care in 2021, though
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Tabela 3. Stopa hospitalizacija i bolnicki kapaciteti

Specijalnosti/

Specialties

2020
Medicina’ / Medicine' 1.09
Hirurgija® / Surgery? 0.16
Ginekologija® / Gynecology? 0.35
Akuserstvo* / Obstetrics’ 56.14
Pedijatrija® / Pediatrics® 311
Ortopedija’/ Orthopedics? 0.05
Drugi? / Other? 0.01

lzvor: Izvestaji pokrajinskih uprava i narodnih bolnica.
Napomene:

(1) Stanovnistvo starosti 15 i vise godina

2) Ukupno stanovnistvo

Zensko stanovnistvo starosti 15 i vise godina
Trudnice

Stanovnistvo starosti 0-14 godina

3
4
5

Prema podacima iz izvestaja pokrajinskih uprava, na-
cionalnih bolnica i Zdravstveno-statistickog godisnjaka
2021. godine u Angoli, znacajan broj trudnica dobio je
negu tokom trudnocde, ali i dalje postoji potreba za una-
predenjem obuhvata i pristupa ovim uslugama. U 2021.
godini obavljeno 1.373.062 konsultacija u Angoli u vezi
sa prenatalnom zdravstvenom uslugom u domovima
zdravlja i punktovima, dok je u bolnicama obavljeno
1.184.045 konsultacija. Ukupan broj konsultacija iznosio
je 2.557.107 [13], Sto predstavlja znacajan napor da se
trudnicama pruzi pomog, ali razlika izmedu broja akuser-
skih konsultacija u domovima zdravlja i bolnicama suge-
rise da mnoge Zene i dalje traze negu u slozenijim zdrav-
stvenim jedinicama, $to mozZe biti u vezi sa komplikacija-
ma u trudnodi ili sklono3c¢u ka specijalizovanijoj nezi.

Kao oblast sa najve¢om potraznjom bolnickih usluga
izdvaja se akuserstvo, sa stopama od 56,14 hospitalizaci-
ja na 100 Zena u reproduktivnom dobu u 2020. godini
i 57,48 u 2021. godini. Ovaj podatak odrazava kontinui-
ranu potrebu za negom tokom trudnoce i porodaja, sto
ukazuje na vaznost ove specijalnosti u zdravstvenom
sistemu. Interna medicina ima stabilne stope, sa 1,09 u
2020. i 1,05 u 2021. godini, $to ukazuje na konzistentan
obrazac hospitalizacija u vezi sa opstim klinickim staniji-
ma. Specijalnosti kao $to je ginekologija beleZe nize stope
hospitalizacije, sa 0,35 u obe godine. Pedijatrija je takode
stabilna, sa 3,11 hospitalizacija u obe godine, sto ukazuje
na stalnu potraznju za medicinskim uslugama kod dece.
S druge strane, ortopedija ima stope od 0,05 u obe godi-
ne, $to pokazuje veoma nisku ucestalost hospitalizacija.

Sto se ti¢e popunjenosti bolni¢kih kreveta u razli-
¢itim medicinskim specijalnostima u 2021. godini, po-

Broj hospitalizacija na 100 stanovnika /
Hospitalizations per 100 inhabitants

Table 3. Hospitalization Rates and Hospital Capacity

Stopa popunjenosti bolnickih kreveta /
Hospital bed occupancy rate

2021 2021

1.05 61.30%
0.13 65.85%
0.35 59.20%
57.48 69.50%
3 78.05%
0.05 63.44%
0.12 65.21%

Source: Reports from Provincial Administrations and Public Hospitals.
Notes:

(1) Population aged 15 years and older

2) Total population

3) Female population aged 15 and older

4) Pregnant women

5) Population aged 0-14 years

there remains a need to further improve coverage and
access. That year, a total of 1,373,062 prenatal consul-
tations were conducted at health centers and health
posts, while hospitals recorded 1,184,045 consulta-
tions. Together, these amounted to 2,557,107 prena-
tal consultations [13], reflecting significant efforts to
support maternal health. However, the higher number
of consultations in hospitals compared to health cen-
ters suggests that many women still seek care at more
complex facilities, possibly due to pregnancy compli-
cations or a preference for specialized services.

Obstetrics stands out as the specialty with the
highest demand for hospital services, with hospitaliza-
tion rates of 56.14 per 100 women of reproductive age
in 2020 and 57.48 in 2021. This highlights the ongoing
need for care related to pregnancy and childbirth, un-
derscoring the critical role of this specialty within the
health system. Internal medicine maintained stable
hospitalization rates, at 1.09 in 2020 and 1.05 in 2021,
reflecting a consistent pattern of admissions for gen-
eral clinical conditions. Gynecology recorded lower
hospitalization rates, remaining steady at 0.35 for both
years. Pediatrics also showed stable demand, with hos-
pitalization rates of 3.11 in both years, indicating sus-
tained need for child healthcare services. Conversely,
orthopedics had very low hospitalization rates of 0.05
in both years, suggesting infrequent hospital admis-
sions in this specialty.

Regarding hospital bed occupancy across medical
specialties in 2021, data in Table 3 highlight increasing
pressure on the health system, particularly in pediat-
rics, obstetrics, and surgery. This situation underscores
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daci prikazani u Tabeli 3. ukazuju na sve vedi pritisak na
zdravstvene sisteme, uglavnom u oblastima pedijatri-
je, akuserstva i hirurgije, kao i na potrebu vise efikasne
strategije upravljanja bolnicom kako bi se garantovao
kvalitet nege i dostupnost kreveta za pacijente.

Moguce je primetiti da odoljenje za internu medi-
cinu ima stopu popunjenosti od 61,30%, Sto ukazuje
na razumnu potraznju za kontinuiranom medicinskom
negom, verovatno u vezi sa hroni¢nim bolestima i dru-
gim stanjima koja zahtevaju produzeno pracéenje. Hi-
rurgija, zauzvrat, ima stopu od 65,85%. Ginekologija, s
druge strane, ima popunjenost od 59,20%, 5to je rela-
tivno niza vrednost, koja ukazuje na to da su hospitali-
zacije u ovoj specijalnosti rede. S druge strane, akuser-
stvo se, sa stopom od 69,50%, izdvaja kao trazena spe-
cijalnost, verovatno zbog znacajnog broja porodaja i
potrebe za specijalizovanom negom tokom trudnoce i
posle porodaja. Pedijatrija ima najvecu stopu popunje-
nosti kreveta, 78,05%, Sto sugeride da su pedijatrijske
bolnicke usluge preoptereéene, verovatno zbog infek-
cija i drugih stanja koja pogadaju decu, $to povecava
potrebu za poboljsanjima u pedijatrijskoj infrastrukturi
kako bi se resila velika potraznja. Ortopedija, sa druge
strane, takode ima znacajnu stopu od 63,44%, dok dru-
ga kategorija, sa 65,21%, pokazuje visoku stopu, ve-
rovatno zbog varijacije u vrstama slucajeva koji se ne
uklapaju u odredene specijalnosti.

DISKUSLJA

Tokom skoro 40 godina nezavisnosti i gradanskog rata,
od 1961. do 2002. godine, socioekonomska infrastruk-
tura Angole, ukljucujudi puteve, Skole i zdravstvene
ustanove, bila je unistena, a pruzanje javnih usluga oz-
biljno naruseno. Slaba sposobnost zemlje da reaguje
na zarazne bolesti rezultirala je velikim opterecenjem
bolesti, pri ¢emu je zemlja zabelezila izbijanje Zute gro-
znice 2016. i kolere 2017-2018, $to je imalo znacajan
uticaj na zdravstvene usluge, kao Sto je obustavljanje
rutine zdravstvene usluge [10]. Zemlja je ostala bez
funkcionalnog sistema zdravstvene zastite (njene sto-
pe smrtnosti majki i novorodencadi bile su i jos su gore
od onih u uporedivim zemljama), sa nekim od najnizih
stopa upisa u osnovno obrazovanje (bruto i neto) u po-
redenju sa podsaharskom Afrikom.

Zdravstveno stanje stanovnistva Angole karakteri-
e visoka stopa smrtnosti majki i novorodencadi, veliki
teret zaraznih bolesti i sve veci broj hroni¢nih i degene-
rativnih bolesti, kao i preranog mortaliteta koji se moze
spreciti, kao $to je prethodno navedeno [24]. Od 2005.
godine, iako su ucestalost dece sa malom telesnom
tezinom i plodnost znacajno smanjeni, klju¢ni indika-
tori poput smrtnosti novorodencadi i dece mlade od
pet godina, smrtnosti majki i prevalencije HIV-a deluju

CHALLENGES AND OPPORTUNITIES

the need for more effective hospital management
strategies to ensure quality care and maintain bed
availability for patients. The internal medicine depart-
ment recorded an occupancy rate of 61.30%, reflecting
steady demand for ongoing medical care, likely related
to chronic illnesses and conditions requiring extended
follow-up. Surgery showed a higher occupancy rate of
65.85%. Gynecology had a comparatively lower rate of
59.20%, indicating less frequent hospitalizations in this
specialty. Obstetrics stood out with the highest occu-
pancy rate of 69.50%, likely due to the significant vol-
ume of births and the specialized care required during
pregnancy and postpartum. Pediatrics has the highest
hospital bed occupancy rate at 78.05%, indicating that
pediatric services are under considerable strain-like-
ly driven by infections and other conditions affecting
children. This highlights an urgent need to strengthen
pediatric infrastructure to meet growing demand. Or-
thopedics also shows a substantial occupancy rate of
63.44%, while the “Other” category records a high rate
of 65.21%, which may reflect a diverse range of cases
that do not fall neatly within specific specialties.

DISCUSSION

During nearly four decades of independence and civil
war (1961-2002), Angola’s socioeconomic infrastruc-
ture, including roads, schools, and health facilities, was
devastated, severely disrupting public service delivery.
The country’s limited capacity to manage infectious
diseases has contributed to a high disease burden, as
evidenced by major outbreaks such as yellow fever
in 2016 and cholera in 2017-2018, both of which sig-
nificantly disrupted routine health services [10]. The
country was left without a functioning health care sys-
tem, reflected in maternal and infant mortality rates
that were, and remain, among the highest compared
to similar countries, and recorded some of the low-
est gross and net primary school enrollment rates in
sub-Saharan Africa.

The health status of the Angolan population is
marked by high maternal and infant mortality, a heavy
burden of infectious diseases, rising rates of chronic
and degenerative conditions, and significant levels
of preventable premature mortality [24]. Since 2005,
while the incidence of underweight children and fer-
tility rates have declined considerably, key indicators,
such as infant and under-five mortality, maternal mor-
tality, and HIV prevalence, have shown little improve-
ment and remain high relative to the regional average
[14].Vaccines are among the most powerful tools avail-
able for protecting lives and preventing diseases like
polio. By reducing the incidence of vaccine-prevent-
able illnesses, they ease the burden on the healthcare
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stagnirajuce, ali su i dalje visoki u poredenju sa regio-
nalnim prosekom [14]. Vakcina je jedno od najmoc¢nijih
sredstava koje imamo na raspolaganju da zastitimo zi-
vote i sprec¢imo bolesti kao 5to je decija paraliza, ubla-
zavajudi pritisak na nas zdravstveni sistem i omoguca-
vajuci da se dragoceni resursi usmere na lecenje dru-
gih stanja koja vakcine ne mogu da sprece [17]. Uprkos
stalnim naporima, Angola se i dalje suoc¢ava sa brojnim
izazovima u obezbedivanju imunizacije stanovnistva.
Prema podacima SZO, nalazi se medu tri zemlje u afri¢-
kom regionu sa najvec¢im brojem dece koja nisu primi-
la nijednu dozu vakcine (deca sa nultom dozom). Pro-
cjenjuje se da je oko pola miliona dece nevakcinisano
protiv bolesti koje pokrivaju Penta 1 i Penta 3 vakcine. S
druge strane, Angola treba da pojaca imunizaciju dece
protiv de¢je paralize zbog tekuce epidemije izazvane
uvozom virusa iz susednih zemalja.

Veliki broj konsultacija u vezi sa prenatalnom zdrav-
stvenom zastitom ukazuje na to da veliki deo Zenske
populacije ima pristup nezi tokom trudnoce, ali razli-
ka izmedu broja akuserskih konsultacija u domovima
zdravlja i bolnicama sugeriSe da mnoge zene i dalje
traze negu u slozenijim zdravstvenim jedinicama, $to
moze biti u vezi sa komplikacijama u trudnodi ili sklo-
nosc¢u ka specijalizovanijoj nezi. Medutim, iako je broj
konsultacija znacajan, i dalje je klju¢no nastaviti sa ula-
ganjem u prosirenje pristupa prenatalnoj nezi, poseb-
no u udaljenijim podrugjima, kao i poboljsanje kvaliteta
nege u zdravstvenim ustanovama kako bi se osiguralo
da sve trudnice dobiju uputstva, pracenje i negu neop-
hodnu za zdravu trudnocu. Dvostruko veci broj smrt-
nih slu¢ajeva majki u 2021. godini je alarmantan i istice
hitnu potrebu za poboljsanjem pristupa zdravstvenim
uslugama, posebno za trudnice koje se suocavaju sa
komplikacijama ili su izloZene rizi¢nim stanjima kao $to
su malarija i HIV. Javne politike usmerene na adekvatno
obrazovanje, prevenciju i le¢enje, posebno u ranjivim
regionima, od sustinskog su znacaja za preokretanje
ovog negativnog trenda i obezbedivanje bezbednosti
majki u zemlji. Ove stope ukazuju na potrebu za hitnim
fokusom na uslove radanja i neonatalnu negu, jer se
mnogi od ovih smrtnih slu¢ajeva mogu spreciti odgova-
raju¢im porodajnim intervencijama, kao 5to su specijali-
zovana medicinska nega i poboljsani zdravstveni uslovi
za majke i novorodencad. Stavise, smrtnost novoroden-
Cadi u period izmedu 7 i 28 dana zivota naglasavaju
vaznost postnatalne nege za sprecavanje komplikacija
u prvih nekoliko dana Zivota, kao $to su infekcije i respi-
ratorna stanja. Vredi napomenuti da poveéanje smrtno-
sti u prvim danima Zivota naglasava vaznost efikasnijih
programa zdravlja majke i deteta, ukljucujudi jacanje
neonatoloskih jedinica, obuku zdravstvenih radnika i
povecanje pristupa kvalitetnim medicinskim uslugama

system and free up critical resources for treating condi-
tions that cannot be prevented through immunization
[17]. Despite ongoing efforts, Angola continues to face
significant challenges in achieving widespread immu-
nization coverage. According to WHO data, it ranks
among the three African countries with the highest
number of zero-dose children (those who have not re-
ceived even a single vaccine). An estimated half a mil-
lion children remain unvaccinated against diseases tar-
geted by the Penta 1 and Penta 3 vaccines. In addition,
Angola must urgently strengthen polio immunization
efforts in response to an ongoing outbreak fueled by
virus importation from neighboring countries.

The high number of prenatal consultations sug-
gests that a substantial portion of the female pop-
ulation has access to pregnancy care. However, the
disparity between consultations at health centers and
hospitals indicates that many women still seek care at
higher-level facilities, possibly due to complications or
a preference for specialized services. While the overall
number of consultations is encouraging, it remains es-
sential to expand access to antenatal care in remote
areas and enhance the quality of services across all
health facilities, ensuring that every pregnant wom-
an receives adequate guidance, monitoring, and care
for a healthy pregnancy. The doubling of maternal
deaths in 2021 is deeply alarming and underscores
the urgent need to improve access to health services,
particularly for pregnant women facing complications
or high-risk conditions such as malaria and HIV. Effec-
tive public policies focused on education, prevention,
and treatment, especially in vulnerable regions, are
essential to reverse this trend and safeguard mater-
nal health. These high mortality rates also point to an
urgent need to strengthen birth conditions and neo-
natal care, as many maternal and newborn deaths
are preventable through timely interventions, skilled
medical assistance, and improved health infrastruc-
ture. Additionally, elevated infant mortality between
7 and 28 days of life highlights the critical importance
of postnatal care in preventing early-life complications,
such as infections and respiratory illnesses. It is worth
noting that the rise in mortality during the early days
of life underscores the urgent need for more effective
maternal and child health programs. This includes
strengthening neonatal care units, enhancing the
training of healthcare workers, and expanding access
to quality medical services for women and children,
particularly in vulnerable areas. According to UNICEF’s
2015 report Children and Women in Angola, malaria,
diarrhea, acute respiratory infections, and measles re-
main among the leading causes of death in children
under five. Public health policies must therefore ad-
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za 7ene i decu u ugrozenim podrug¢jima. Stavise, prema
izvestaju Decjeg fonda Ujedinjenih nacija (UNICEF) iz
2015. godine pod nazivom ,Deca i zene u Angoli*, ma-
larija, dijareja, akutne respiratorne infekcije i boginje
spadaju medu glavne uzroke smrti dece mlade od 5 go-
dina. Medutim, javnozdravstvena politika treba da raz-
motri ne samo poboljSanje uslova tokom porodaja, vec
i kontinuitet nege u prvim danima nakon rodenja, kao i
intenziviranje prevencije navedenih bolesti, koje su ce-
sti uzroci smrtnosti odoj¢adi. U Angoli, malarija, tuber-
kuloza i HIV su perzistentne bolesti u zemlji, i predstav-
liaju glavne probleme javnog zdravlja. Medutim, analiza
prevalencije hroni¢nih bolesti u Angoli otkriva znacajne
podatke koji ukazuju na potrebu kontinuiranog fokusi-
ranja na javno zdravlje, posebno u vezi sa stanjima kao
to su visok krvni pritisak i dijabetes melitus. lako je broj
obolelih od dijabetesa jo3 uvek relativho nizak, neop-
hodno je strogo pracenje ove bolesti, s obzirom na njen
sve veci uticaj na javno zdravlje, tako da ranom otkriva-
nju, adekvatnom lecenju i politikama javne prevencije
treba dati prioritet kako bi se smanjio uticaj ovog stanja
na zdravlje stanovnistva, kao i poboljsao kvalitet zivota
obolelih pacijenata. Pokazatelji pristupa konsultacijama
i bolni¢kim uslugama beleze skromno povecanje, ali
strukturne barijere, poput oskudice resursa, nedostatka
infrastrukture i nedostatka osoblja, i dalje predstavljaju
znacajne izazove koje treba prevazici kako bi se unapre-
dio pristup zdravstvenim uslugama.

Drzavno finansiranje zdravstva ostaje relativno ni-
sko i predstavlja 5% ukupne javne potrosnje, ali je pra-
vicnije i efikasnije posto se javna potrosnja na primar-
nu zdravstvenu zastitu utrostrucila.

Ljudski resursi su vazni za razvoj odrzivog sistema
javnog zdravlja tokom vremena kroz razvoj i odrzava-
nje visoko kvalifikovane radne snage sa odgovaraju¢om
tehnickom obukom, nauénim vestinama i specijalizova-
nim znanjem [25]. Angola ima samo 2, 48 lekara i 16,45
medicinskih sestrara na 10.000 stanovnika, 5to je znacaj-
no nize u odnosu na druge zemlje sa snaznijim zdrav-
stvenim sistemima, gde Svetska zdravstvena organizaci-
ja preporucuje u proseku 10 lekara na 10.000 stanovnika
kako bi se garantovala adekvatna briga za stanovnistvo.

lako je obezbedenost medicinskim sestrama po-
voljnija, jo$ uvek je nedovoljna da garantuje efikasan
i kvalitetan obuhvat celokupne populacije. Stavise, ne-
jednaka distribucija ovih stru¢njaka izmedu ruralnih i
urbanih podrudja takode predstavlja dodatni izazov
za osiguravanje jednakog pristupa zdravstvenim uslu-
gama svih gradana. Istrazivanje ukazuje na vaznost
nastavka ulaganja u kvalifikacije i obuku ovih stru¢nja-
ka, pored optimizacije distribucije medicinskih sestara
kako bi se smanjile nejednakosti u pristupu zdravstve-
nim uslugama izmedu razli¢itih regiona zemlje.

CHALLENGES AND OPPORTUNITIES

dress not only the conditions surrounding childbirth
but also ensure continuity of care in the immediate
postnatal period and intensify efforts to prevent these
common, yet largely avoidable, causes of infant mor-
tality. In Angola, malaria, tuberculosis, and HIV remain
widespread and continue to pose major public health
challenges. At the same time, the growing prevalence
of chronic non-communicable diseases, particular-
ly hypertension and diabetes mellitus, highlights the
need for sustained attention to public health strate-
gies. Although diabetes prevalence is still relatively
low, its rising impact calls for strict monitoring, early
detection, effective treatment, and robust prevention
policies to reduce its burden and improve the quality
of life for those affected. While indicators show modest
improvements in access to consultations and hospital
services, significant structural barriers persist, includ-
ing limited resources, inadequate infrastructure, and a
shortage of healthcare personnel. Overcoming these
obstacles is essential to ensuring broader and more
equitable access to health services.

Although state funding for health remains relative-
ly low, at just 5% of total public expenditure, it has be-
come more equitable and efficient, with public invest-
ment in primary health care having tripled.

Human resources are critical for building a sustain-
able public health system by developing and main-
taining a highly qualified workforce equipped with
the necessary technical training, scientific expertise,
and specialized knowledge [25]. Angola currently has
only 2.48 doctors and 16.45 nurses per 10,000 inhab-
itants and these figures fall well below those of coun-
tries with stronger health systems. The World Health
Organization recommends an average of 10 doctors
per 10,000 inhabitants to ensure adequate population
health care.

Although the number of nurses is relatively more
favorable, it remains insufficient to ensure efficient,
high-quality coverage for the entire population. Addi-
tionally, the uneven distribution of healthcare profes-
sionals between rural and urban areas presents a sig-
nificant barrier to equitable access to health services.
Research highlights the importance of continued in-
vestment in the training and qualification of nurses,
alongside efforts to optimize their distribution, in or-
der to reduce regional disparities and improve access
to care across the country.

The fact that two-thirds of doctors work in the pub-
lic sector reflects the government’s commitment to
providing affordable medical services to the broader
population. While the private sector and other provid-
ers are smaller in number, they serve important roles
catering to specific groups, such as the upper middle

160

Jun 2025. | Volumen 6/ Broj 2 | SrPski MEDICINSKI CASOPIS LEKARSKE KOMORE



ULOGA ZDRAVSTVENOG INFORMACIONOG SISTEMA U TRANSFORMACLUI | EFIKASNOSTI ZDRAVSTVENOG SISTEMA ANGOLE: IZAZOVI | MOGUCNOSTI

Chitanga F.d.C.F.

THE ROLE OF HEALTH INFORMATION SYSTEMS IN TRANSFORMING AND ENHANCING THE EFFICIENCY OF ANGOLA’S HEALTH SYSTEM:

CHALLENGES AND OPPORTUNITIES

Cinjenica da dve tre¢ine lekara radi u javnom sekto-
ru, odrazava posvecenost vlade zadovoljavanju potre-
ba stanovnistva kroz pristupacne medicinske usluge.
lako su brojevi u privatnom sektoru i drugim sektorima
znatno maniji, ovi segmenti igraju vaznu ulogu u opslu-
Zivanju specifi¢nih nisa, kao $to su visa srednja klasa i
kompanije ili organizacije koje nude medicinsku negu
svojim zaposlenima. S druge strane, dominacija javnog
sektora ukazuje na zavisnost stanovnistva od javnog
zdravstvenog sistema u pristupu medicinskim usluga-
ma. Medutim, disparitet u raspodeli lekara moze uticati
na kvalitet i dostupnost nege, posebno u ruralnim ili
udaljenim oblastima, gde je broj dostupnih javnih le-
kara ¢esto nedovoljan da zadovolji potraznju.

Postoji znacajan pritisak na lekare u primarnoj
zdravstvenoj zastiti, Sto ukazuje na veliki obim posla i
potencijalni rizik od profesionalnog sagorevanja, sto
moze ugroziti kvalitet pruzene nege, jer profesionalci
svakodnevno treba da brinu o velikom broju pacijenata.

Vredi napomenuti da odnos izmedu broja lekara i
obima konsultacija naglasava hitnu potrebu za pove-
¢anjem broja lekara u javhom sektoru kako bi se sma-
njio obim posla po stru¢njaku i poboljsala efikasnost
nege. Stavie, strategije kao 3to je prosirenje pristupa
zdravstvenoj zastiti preko drugih stru¢njaka, kao $to
su obucene medicinske sestre, i digitalizacija procesa
mogu pomodi u ublazavanju ovog pritiska.

ZIS u Angoli je bio osnovno sredstvo u podrsci for-
mulisanju javnih zdravstvenih politika, posebno u bor-
bi protiv zanemarenih tropskih bolesti. Medutim, ZIS u
Angoli, kojim upravlja Kancelarija za studije, planiranje
i statistiku (GEPE) Ministarstva zdravlja, je proSao kroz
znacajnu tranziciju od 2015. godine, implementacijom
platforme DHIS2, koja ima za cilj da podatke ucini do-
modernizacija ZIS-a je znacajna u odnosu na 2015. go-
dinu, jer sa prelaskom na platformu DHIS2 ZIS omogu-
¢ava snazniju podrsku za dono3enje odluka na razlicitim
nivoima zdravstvenog sistema, kao S$to je istaknuto u
Nacionalnom strateSkom planu za zanemarene tropske
bolesti u Angoli (PEN-DTN 2021-2025) [12]. Ja¢anjem
ZIS-a ne samo da se podrzava operacionalizacija zdrav-
stvenih politika, ve¢ i informisano donosenje odluka o
raspodeli resursa i obuci profesionalaca, ¢ime se direk-
tno doprinosi poboljsanju zdravstvenog sistema Ango-
le. Ovo je usko povezano sa ekonomskim ucinkom ze-
mlje i nivoima ulaganja u odrzivost ovih inicijativa [26].
Ipak, potrebe za boljim donoSenjem odluka u javhom
zdravstvu mogu se zadovoljiti upotrebom kombinacije
Sest klju¢nih podsistema zdravstvenih informacija: po-
pis stanovnistva, ankete domacinstava, nadzor javnog
zdravlja, pracenje vitalnih dogadaja, statistika zdrav-
stvenih usluga i pracenje resursa. U vecini zemalja u ra-

class and companies offering healthcare to their em-
ployees. This dominance of the public sector under-
scores the population’s reliance on public health ser-
vices for medical care. However, disparities in the geo-
graphic distribution of doctors, particularly in rural and
remote areas, limit the availability and quality of care,
as the number of public doctors in these regions often
falls short of demand.

Doctors in primary health care face significant
workload pressures, managing a high volume of pa-
tients daily. This intense demand increases the risk of
professional burnout, which can ultimately compro-
mise the quality of care provided.

It is worth mentioning that the ratio between the
number of doctors and the volume of consultations
underscores the urgent need to increase the number
of public sector doctors to reduce individual work-
loads and enhance care efficiency. Additionally, strate-
gies like expanding healthcare access through trained
nurses and implementing digital health solutions can
help ease this pressure and improve service delivery.

The Health Information System in Angola has
been a crucial tool in supporting the formulation of
public health policies, particularly in the fight against
neglected tropical diseases. Managed by the Office
of Studies, Planning and Statistics (GEPE) within the
Ministry of Health, Angola’s HIS has undergone a
significant transformation since 2015 with the im-
plementation of the DHIS2 platform. This modern-
ization has improved data accessibility and visibility
for health managers. The transition to DHIS2 marks
a substantial advancement, enabling stronger de-
cision-making support across different levels of the
health system, as emphasized in the National Stra-
tegic Plan for Neglected Tropical Diseases in Angola
(PEN-DTN 2021-2025) [12]. Strengthening HIS not
only facilitates the implementation of health policies
but also enables informed decision-making regard-
ing resource allocation and workforce training, there-
by directly contributing to the improvement of An-
gola’s health system. This progress is closely linked to
the country’s economic performance and the level of
investment dedicated to sustaining these initiatives
[26]. Effective public health decision-making relies
on the integration of six key health information sub-
systems: censuses, household surveys, public health
surveillance, vital event monitoring, health service
statistics, and resource tracking. In most developing
countries, except for targeted disease-specific pro-
grams, public health surveillance primarily depends
on passive reporting from health facilities designed
to cover the entire population [27]. Additionally, sam-
ple-based surveys are conducted to manage costs.
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zvoju, nadzor javnog zdravlja se osim za specifi¢ne pro-
grame kod odredenih bolesti sprovodi putem pasivnog
izveStavanja iz zdravstvenih ustanova, koje je dizajnira-
no da obuhvati celu populaciju [27]. Istrazivanja se ta-
kode sprovode na uzorku kako bi se ogranicili troskovi.

S obzirom na to da je poslednjih godina znacaj raz-
mene informacija u dono3enju odluka dobio vecu pa-
znju u literaturi [28], vazno je istadi da su rezultati ovog
istrazivanja zasnovani na javno dostupnim informaci-
jama, bilo da su to procene ili prikupljeni originalni po-
daci, dok informacije iz internih dokumenata iz zdrav-
stvenog sektora nisu obuhvacene.

Pored podataka koje je ZIS Angole ve¢ prikupio, do-
stupni su SZO globalni zdravstveni podaci [29]. Medu
njima, podaci zdravstvenih usluga igraju klju¢nu ulo-
gu u upravljanju pacijentima, administraciji ustanove,
nadzoru bolesti i pracenju pruzanja usluga i koris¢enja
resursa [18]. Dok se rutinski podaci o zdravstvenim usta-
novama prikupljaju i izvestavaju na redovnoj osnovi pu-
tem rutinskih zdravstvenih informacionih sistema [30],
postoje i drugi izvori podataka o pacijentima koji se po-
tencijalno pribavljaju za zeljenu svrhu, kao sto su elek-
tronski zdravstveni kartoni, ankete pacijenata, potrazi-
vanja, administrativni podaci, informacije o drustvenim
determinantama zdravlja, registri bolesti, potro3nja le-
kova, i laboratorijski podaci, nadzor nad bolestima, epi-
demioloska ispitivanja, klini¢ka ispitivanja i recenzirana
istrazivanja (publikacije u nau¢nim casopima koje su
prosle proces recenzije, Sto znaci da su strucnjaci iz iste
oblasti pregledali, komentarisali i odobrili rad pre objav-
ljivanja) [31]. Informacije o funkcionisanju ZIS-a Angole
mogu se dobiti od razli¢itih sektora i agencija koje su
odgovorne za generisanje, sintezu, analizu i kori¢enje
podataka na drzavnom, regionalnom i globalnom ni-
vou [6]. Njihove informacije su korisne kada zemlja na-
stoji da proceni efikasnost sistema zdravstvene zastite, a
potom i postigne univerzalnu zdravstvenu pokrivenost
(UHQ) i ciljeve odrzivog razvoja (SDG) [17], kao i za una-
predenje kvaliteta rada zdravstvenih radnika [4].

Bolje informisanje takode moze poboljsati efika-
snost u upravljanju farmaceutskim resursima. Na pri-
mer, implementacija podnacionalnog informacionog
sistema u juznoafrickoj provinciji Isto¢ni Kejp dovela je
do poboljsanja pristupa farmaceutskim proizvodima,
uz smanjenje zaliha osnovnih lekova za 39 procena-
ta. Ovakva poboljsanja nesumnjivo dovode do boljih
zdravstvenih ishoda, sto moze rezultirati povecanjem
produktivnosti i, posledi¢no, povecanjem stope rasta
bruto domaceg proizvoda [27].

Godisnje izvestavanje iz ZIS-a oblikuje nas utisak o
relativnom napretku zdravstvenog sistema zemlje, mo-
gucnostima koje se nude gradanima i usmerava sadrzaj
nacionalnog i globalnog politickog diskursa [32]. Teh-

CHALLENGES AND OPPORTUNITIES

Given the growing recognition in recent years
of the importance of information exchange in deci-
sion-making [28], it is important to note that this re-
search relies solely on publicly available data, wheth-
er estimates or original collected data, and does not
include information from internal health sector doc-
uments.

In addition to the data collected by Angola’s HIS,
global health data from WHO are also available [29].
Among these, health services data play a crucial role in
patient management, facility administration, disease
surveillance, and monitoring of service delivery and
resource utilization [18]. While routine health facility
data are reqularly collected and reported through rou-
tine health information systems [30], other valuable
sources of patient data exist. These include electronic
health records, patient surveys, claims and administra-
tive data, information on social determinants of health,
disease registries, drug consumption records, labora-
tory results, epidemiological studies, clinical trials, and
peer-reviewed research-publications vetted by experts
in the field prior to publication [31]. Information on the
functioning of Angola’s HIS can be obtained from vari-
ous sectors and agencies responsible for data genera-
tion, synthesis, analysis, and utilization at national, re-
gional, and global levels [6]. This information is invalu-
able for assessing the effectiveness of the healthcare
system, advancing toward universal health coverage
(UHC) and the Sustainable Development Goals (SDGs)
[17], and enhancing the quality of work among health
professionals [4].

Improved information management can also en-
hance the efficiency of pharmaceutical resource man-
agement. For example, implementing a subnational
information system in South Africa’s Eastern Cape
province improved access to essential medicines while
reducing drug stockpiles by 39 percent. Such advance-
ments not only lead to better health outcomes but also
boost productivity, ultimately contributing to higher
gross domestic product growth rates [27].

Annual reports from Angola’s HIS shape our under-
standing of the country’s health system progress, the
opportunities available to citizens, and influence both
national and global health policy discussions [32]. The
technological advancement of Angola’s HIS should be
aligned with health priorities and the goal of universal
health coverage [33]. Data from the HIS highlight that
primary health care services-such as immunization-are
crucial for improving health outcomes and promot-
ing health equity [34], underscoring the need for op-
timal allocation of scarce resources [35]. Moreover,
strengthening HIS is a priority to support informed
decision-making on effective policies, services, and
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noloski napredak ZIS-a Angole treba usaglasiti sa zdrav-
stvenim prioritetima i univerzalnom zdravstvenom po-
krivenosti [33]. Zdravstveni indikatori iz ZIS-a su poka-
zali da su usluge primarne zdravstvene zastite, kao Sto
jeimunizacija, od klju¢ne vaznosti za poboljsanje zdrav-
lja i zdravstvenu pravednost [34], da je neophodno op-
timalno alocirati oskudne resurse [35]. Stavise, jacanje
ZIS-a je prioritet, kako bi se generisale dobre odluke o
efektivnim politikama, uslugama i ponasanju [36]. U is-
punjavanju ove funkcije, ZIS Angole mora biti zasnovan
ne samo na svim dostupnim i relevantnim informacija-
ma [37], ve¢ na potpunim, visokokvalitetnim podacima
iz izvora zasnovanih na populaciji i ustanovama [38,39],
jer se one ti¢u zdravlja i bezbednosti pacijenata [40].

ZIS Angole nije savrsen, ali njegovi mehanizmi za
prikupljanje, obradu, analizu i prenos informacija, kao i
za istrazivanje, planiranje i kontrolu bolesti, treba da se
unapreduju kako bi se bolje strukturirao, operaciona-
lizovao, nadzirao, pratio i procenjivao ucinak i kvalitet
zdravstvenih usluga [9], kao i brzina, sigurnost i trosko-
vi zdravstvene zastite u brizi o pacijentima [41]. Osim
toga, neophodno je da se prikupljaju tatne i pouzdane
informacije jer su one osnova za donosenje odluka u
svim gradivnim elementima zdravstvenog sistema i od
sustinskog su znacaja za razvoj i implementaciju po-
litike upravljanja i regulacije, istrazivanja u zdravstvu,
razvoja ljudskih resursa, zdravstvenog obrazovanja i
obuke, usluga i finansiranje.

ZAKLJUCAK

Moderan ZIS Angole uspostavilo je Ministarstvo zdravlja
2015. godine, i on obuhvata 125 zdravstvenih indikato-
ra koji su grupisani u sledece kategorije: demografske,
ljudskih resursa i infrastrukture, zdravstvenih usluga,
morbiditeta i mortaliteta. ZIS Angole Cini skup kompo-
nenti koje funkcionisu kao mehanizam za prikupljanje,
obradu, analizu i prenos zdravstvenih podataka kojima
se moze poboljsati briga o pacijentima, identifikovati
zdravstveni trendovi u populaciji u nekim situacijama, ili
uociti rizicne populacije. Zdravstvenim informacionim
sistemom Angole rukovodi Kancelarija za studije, pla-
niranje i statistiku Ministarstva zdravlja, koja koordinira
prikupljanje, obradu, analizu i diseminaciju zdravstve-
nih podataka, koji su u saradnji sa Svetskom zdravstve-
nom organizacijom i finansijskom podrskom Evropske
unije poceli da pripremaju Strateski plan za Nacionalni
zdravstveni informacioni sistem za period 2024-2030.
Ovaj plan ima za cilj da poboljsa kvalitet i dostupnost
zdravstvenih informacija, olaksavaju¢i donosenje od-
luka zasnovanih na dokazima. Ovi napori moraju da
budu usmereni na izazove kao $to su nedostatak po-
uzdanih podataka, nedovoljna digitalna infrastruktura,
fragmentacija Sistema (sistem ima nisku koheziju zbog

health behaviors [36]. To fulfill this role, Angola’s HIS
must rely not only on all available and relevant infor-
mation [37] but also on comprehensive, high-quality
data from both population-based and facility-based
sources [38,39], particularly those related to patient
health and safety [40].

Although Angola’s HIS is not without flaws, its
mechanisms for collecting, processing, analyzing,
and transmitting information, as well as for support-
ing research, planning, and disease control, require
significant improvement. Enhancing these functions
is essential to better structure, operationalize, mon-
itor, and evaluate the performance and quality of
health services [9], as well as to improve the speed,
safety, and cost-effectiveness of patient care [41].
Moreover, the collection of accurate and reliable data
is fundamental for informed decision-making across
all components of the health system. It underpins the
development and implementation of management
and regulatory policies, health research, human re-
source development, education and training, service
delivery, and financing.

CONCLUSION

Angola’s modern Health Information System (HIS)
was established by the Ministry of Health in 2015 and
comprises 125 health indicators organized into key
categories: demographic data, human resources and
infrastructure, health services, morbidity, and mortal-
ity. HIS Angola functions as an integrated mechanism
for collecting, processing, analyzing, and transmitting
health data to improve patient care, monitor popula-
tion health trends, and identify at-risk groups. The sys-
tem is managed by the Office for Studies, Planning, and
Statistics within the Ministry of Health, which oversees
data collection, analysis, and dissemination. In collab-
oration with the World Health Organization and with
financial support from the European Union, this office
has initiated the development of the Strategic Plan for
the National Health Information System covering the
period 2024-2030. This plan aims to enhance the qual-
ity and accessibility of health information to support
evidence-based decision-making. Efforts must address
key challenges such as the lack of reliable data, insuf-
ficient digital infrastructure, fragmentation within the
system (resulting from its piecemeal development
over time) hospital inefficiencies, and inadequate in-
formation system management. If left unresolved,
these issues undermine the effective monitoring and
evaluation of health plans and programs, as well as the
management of preventive, diagnostic, curative, and
rehabilitative care.
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fragmentiranog razvoja tokom vremena), bolnicka
neefikasnost i neadekvatno upravljanje informacionim
sistemom. NereSene, ove poteSkoce dovode u pitanje
efikasno sprovodenje pracenja i evaluacije zdravstvenih
planova i programa, kao i upravljanje preventivnom, di-
jagnostickom, kurativnom i rehabilitacionom zastitom.
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SAZETAK

Uvod: Lajmska borelioza (LB) je multisistemsko oboljenje koje uzrokuju bakterije iz kom-
pleksa Borrelia burgdorferi sensu lato, a prenose je ubodom krpelji roda /xodes. Terapija
antibioticima zahteva dugotrajno lecenje, dok trenutno na trZiStu ne postoji topikalni
proizvod za profilakticku primenu nakon uboda krpelja koji bi sprecio lokalnu infekciju
i dalju diseminaciju patogena u sistemsku cirkulaciju.

Cilj rada: Cilj studije bio je da se in vitro ispita uticaj supernatanata probiotskih mikroor-
ganizama Saccharomyces boulardii i Lactiplantibacillus plantarum i njihovih meSavina na
rasti pokretljivost Borrelia afzelii.

Materijali i metode: Koriscen je soj B. afzelii, prethodno izolovan iz krpelja vrste
Ixodes ricinus, koji je umnozen do koncentracije 1-2 x 10° borelija/mL u Barbour-Stoe-
nner-Kelly-H hranljivoj podlozi. Za ispitivanje osetljivosti testiranog soja na probiotske
mikroorganizme koris¢ena je modifikovana bujon mikrodiluciona metoda za horelije. Mi-
nimalne inhibitorne koncentracije (MIK) odredene su posmatranjem broja i pokretljivosti
borelija nakon 72 sata inkubacije pod anaerobnim uslovima u prisustvu supernatanata, a
u poredenju sa pozitivnom kontrolom — netretiranom kulturom B. afzelii.

Rezultati: MIK je definisana kao najniza koncentracija testiranog supernatanta pri kojoj
borelije nisu bile pokretne a njihov broj je bio smanjen u odnosu na pozitivnu kontrolu.
Definisane su sledece MIK vrednosti: medijana 12,5% za S. boulardiii 6% za L. plantarum,
dok je najniza MIK vrednost (medijana 0,8%) definisana za me3avinu supernatanta pro-
biotskih mikroorganizama.

Zakljucak: Supernatanti S. boulardii i L. plantarum pokazali su antimikrobno dejstvo na
B. afzelii, dok je me3avina ovih supernatanata pokazala efektivniji inhibitorni efekat na
rasti pokretljivost borelija. Dobijeni rezultati daju nam osnovu za dalja istraZivanja mole-
kularnih mehanizamainhibitornog dejstva probiotskih mikroorganizama na rast borelija.

Kljucne reci: Lajmska borelioza, Borrelia afzelii, osetljivost, in vitro, probiotski
mikroorganizmi, minimalne inhibitorne koncentracije
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ABSTRACT

Introduction: Lyme borreliosis (LB) is a multisystem disorder caused by bacteria of the
Borrelia burgdorferi sensu lato complex, transmitted to humans through the bite of /xodes
spp. ticks. Standard treatment typically involves prolonged antibiotic therapy. Currently,
no topical product is available on the market for prophylactic use following a tick bite.
Aim: The aim of the study was to investigate in vitro the effects of supernatants derived
from the probiotic microorganisms Saccharomyces boulardii and Lactiplantibacillus plan-
tarum, and their mixtures, on the growth and motility of Borrelia afzelii.

Materials and methods: To test the susceptibility of B. afzelii to probiotic microorgan-
isms, a modified broth microdilution method adapted for Borrelia species was employed.
Minimum inhibitory concentrations (MICs) were determined by evaluating both the num-
ber and motility of B. afzelii after 72 hours of incubation with supernatants under anaer-
obic conditions, compared to a positive control consisting of untreated B. afzelii culture.
Results: The MIC was defined as the lowest concentration of the tested supernatant at
which borrelia were non-motile and their number was reduced compared to the positive
control. The following median MIC values were determined: 12.5% for S. boulardii, 6% for
L. plantarum, and the lowest median MIC value of 0.8% was defined for the supernatant
mixture of probiotic microorganisms.

Conclusion: The mixture of S. boulardii and Lactiplantibacillus plantarum exhibited the
strongest inhibitory effect on the growth and motility of B. afzelii. These results provide
a foundation for further investigation into the molecular mechanisms of the inhibitory
activity of probiotic microorganisms against Borrelia species.

Keywords: Lyme borreliosis, Borrelia afzelii, susceptibility, in vitro, probiotic
microorganisms, minimum inhibitory concentrations

Corresponding author:

Gorana Veinovi¢

Group for Medical Entomology, Centre of Excellence for Food and Vector-Borne
Zoonoses, Institute for Medical Research, University of Belgrade

4 Dr Subotica Street, 11129 Belgrade, Serbia

E-mail: gorana.veinovic@imi.bg.ac.rs

Prihvaceno - Accepted: June 18, 2025; Online first: June 25, 2025

DOI: 10.5937/smclk6-58916

166

Jun 2025. | Volumen 6/ Broj 2 | SrPski MEDICINSKI CASOPIS LEKARSKE KOMORE



ISPITIVANJE IN VITRO OSETLJIVOSTI BORRELIA AFZELII, UZROCNIKA LAJMSKE BORELIOZE,

NA SUPERNATANTE LACTIPLANTIBACILLUS PLANTARUM | SACCHAROMYCES BOULARDII

Jevremovic¢ K. et al.

IN VITRO SUSCEPTIBILITY OF BORRELIA AFZELIl, THE CAUSATIVE AGENT OF LYME BORRELIOSIS,
TO THE SUPERNATANTS OF LACTIPLANTIBACILLUS PLANTARUM AND SACCHAROMYCES BOULARDII

uvoD

Lajmska borelioza (LB) je zoonoza ¢ije uzro¢nike ubo-
dom prenose inficirani krpelji roda Ixodes. Uzroc¢nici LB
su spiralne bakterije iz kompleksa Borrelia burgdorferi
sensu lato (s.l.) [1,2]. Primarni vektori u Evropi su krpelji
vrste Ixodes ricinus [3]. Bududi da LB predstavlja mul-
tisistemsko oboljenje ljudi i Zivotinja, bolest se moze
ispoljiti razli¢itim klinickim manifestacijama kao $to su:
kozne lezije, misi¢no-skeletne, neuroloske, okularne i/
ili kardiovaskularne manifestacije, dok u nekim slucaje-
vima, infekcija prolazi asimptomatski ili ¢ak u kasnijim
fazama LB moze biti pogresno dijagnostikovana zbog
kompleksnosti klini¢kih znakova i simptoma [2,4].

Kompleks B. burgdorferi s.I. obuhvata do sada 21
imenovanu vrstu borelija. Dok je u Severnoj Americi
glavni uzro¢nik LB vrsta Borrelia burgdorferi sensu stri-
cto (s.s.), u Evropi je prisutan vedi diverzitet borelija sa
pet potvrdenih patogenih vrsta: Borrelia afzelii, Borrelia
garinii, B. burgdorferi s.s., Borrelia spielmanii i Borrelia
bavariensis. \Irste Borrelia lusitaniae, Borrelia valaisiana
i Borrelia bissettii su takode izolovane ili detektovane
kod ljudi, ali njihov patogeni potencijal nije u pot-
punosti razjasnjen [2].

Dok su u vecini evropskih zemalja u krpeljima naj-
zastupljenije vrste borelija B. afzelii, B. garinii i B. valai-
siana [5], u Srbiji je najdominantnija vrsta B. lusitaniae,
prac¢ena vrstama B. afzelii, B. bavariensis, B. garinii, B. va-
laisiana i B. burgdorferi s.s. [6,7]. Najcesc¢a klinicka ma-
nifestacija lajmske bolesti u Srbiji je erythema migrans,
koja je zabelezena u 93,2% slucajeva, slede neuroloske,
misi¢no-skeletne, i kardioloske manifestaticije, u 2,8%,
2,4%, odnosno 1,1% sluc¢ajeva [8].

Generalno, tok LB se moze podeliti u tri klinicke
faze. Prva faza - rana lokalizovana infekcija — najces¢e
se manifestuje kao kozna lezija erythema migrans, ka-
rakteristi¢cna crvena promena u obliku koncentri¢nog
kruga na mestu uboda inficiranog krpelja koja se obic-
no javlja sedam dana nakon infekcije. Ova lezija moze
biti pracena razli¢itim simptomima ukljuc¢ujudi grozni-
cu, glavobolju, bolove u misi¢ima i zglobovima, kao i
uvecanjem limfnih ¢vorova [1,2,9]. Druga faza - rana
diseminovana infekcija — razvija se nekoliko nedelja do
nekoliko meseci nakon uboda i ako se antibiotska tera-
pija ne sprovede u prvoj fazi, borelije iz primarne kozne
lezije mogu da diseminuju i tako zahvate nervni sistem,
kozu, zglobove i srce. Tre¢a faza — kasna diseminovana
infekcija se javlja nekoliko meseci ili ¢ak nekoliko go-
dina nakon uboda inficiranog krpelja i moze dovesti
do teskih neuroloskih, reumatoloskih i dermatoloskih
komplikacija [1,2]. lako sve patogene vrste borelija
mogu izazvati erythema migrans i diseminovati u cir-
kulaciju, B. afzelii naj¢es¢e ostaje lokalizovana na kozi
i Cesto se povezuje sa koznim manifestacijama koje

INTRODUCTION

Lyme borreliosis (LB) is a zoonosis, the causative agents
of which are transmitted through the bite of infected
ticks of the genus Ixodes. The causative agents of LB
are spiral-shaped bacteria from the Borrelia burgdorferi
sensu lato (s.l.) complex [1,2]. The primary vectors in
Europe are ticks of the species Ixodes ricinus [3]. Since
LB is a multisystemic disease affecting both humans
and animals, it can present with various clinical man-
ifestations, such as skin lesions, musculoskeletal, neu-
rological, ocular, and/or cardiovascular symptoms. In
some cases, the infection may be asymptomatic, while
in later stages, LB can be misdiagnosed due to the
complexity of its clinical signs and symptoms [2,4].

The Borrelia burgdorferi sensu lato (s.l.) complex
currently comprises 21 named Borrelia species. While
in North America the primary causative agent of LB is
Borrelia burgdorferi sensu stricto (s.s.), Europe exhibits
greater Borrelia diversity, with five confirmed patho-
genic species: Borrelia afzelii, Borrelia garinii, B. burg-
dorferi s.s., Borrelia spielmanii, and Borrelia bavariensis.
In addition, Borrelia lusitaniae, Borrelia valaisiana, and
Borrelia bissettii have also been isolated or detected in
humans, although their pathogenic potential has not
yet been fully elucidated [2].

While B. afzelii, B. garinii, and B. valaisiana are the
most common Borrelia species found in ticks across
most European countries [5], in Serbia the dominant
species is B. lusitaniae, followed by B. afzelii, B. bavar-
iensis, B. garinii, B. valaisiana, and B. burgdorferi s.s. [6,7].
The most common clinical manifestation of Lyme dis-
ease in Serbia is erythema migrans, observed in 93.2%
of cases, followed by neurological (2.8%), musculoskel-
etal (2.4%), and cardiac (1.1%) manifestations [8].

In general, the course of LB can be divided into
three clinical stages. The first stage-early localized in-
fection-most commonly presents as erythema migrans,
a characteristic red skin lesion in the form of a concen-
tric circle that appears at the site of the infected tick
bite, typically around seven days after infection. This
lesion may be accompanied by a range of symptoms,
including fever, headache, muscle and joint pain, and
swollen lymph nodes [1,2,9]. The second stage-early
disseminated infection-develops several weeks to sev-
eral months after the tick bite. If antibiotic therapy is
not administered during the first stage, Borrelia from
the primary skin lesion can disseminate throughout
the body, potentially affecting the nervous system,
skin, joints, and heart. The third stage-late disseminat-
ed infection-occurs several months or even years after
the bite of an infected tick and can lead to severe neu-
rological, rheumatological, and dermatological compli-
cations [1,2]. Although all pathogenic Borrelia species
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se javljaju u trecoj fazi poput acrodermatitis chronica
atrophicans (ACA) prisutnih isklju¢ivo u Evropi dok se B.
burgdorferi s.s. povezuje sa reumatoloskim manifesta-
cijama, posebno lajmskim artritisom, koji je ucestaliji u
Severnoj Americi nego u Evropi. Vrste Borrelia garinii i
B. bavariensis naj¢esce uzrokuju neuroloSke simptome,
lajmsku neuroboreliozu, koji se javljaju u drugoj i tre¢oj
fazi lajmske borelioze [2].

Nakon postavljanja dijagnoze, trajanje i doza anti-
biotske terapije (oralna ili intravenska) odreduju se u
zavisnosti od faze bolesti, starosti pacijenta, i njegovog
imunoloSkog statusa, a u terapiji se najce$¢e koriste
doksiciklin, amoksiciklin, ceftriakson, cefuroksim, i azi-
tromicin, u vremenskom periodu od 10 do 30 dana u
zavisnosti od oblika i faze bolesti [1]. Najbolja zastita
od LB jeste izbegavanje uboda krpelja i detaljan pre-
gled koze nakon boravka u prirodi. Preventivna upo-
treba antibiotika nakon uboda krpelja se ne preporu-
Cuje iz razloga sto nije svaki krpelj inficiran borelijama
i nece svaki inficirani krpelj da prenese patogen nakon
uboda. U Evropi ne postoje vodici i/ili smernice za ta-
kvu namenu. Takode, na trziStu do sada nije plasiran
topikalni proizvod koji bi se primenjivao na kozi nakon
uboda krpelja i tako sprecio transfer borelija u kozu.
Ne postoji ni preparat koji bi se koristio za lokalni tre-
tman erythema migrans u cilju spre€avanja dalje dise-
minacije borelija u sistemsku cirkulaciju. Za razliku od
patogenih vrsta borelija, koje mogu izazvati lokalne i
sistemske manifestacije LB i zahtevaju antibiotsku tera-
piju, probiotski mikroorganizmi su pokazali pozitivhe
efekte na zdravlje ljudi [10,11]. Odredeni sojevi proi-
zvode antimikrobne supstance, poput organskih kise-
lina, bakteriocina, peptida i polisaharida, koje se tokom
kultivacije oslobadaju u supernatante [12]. Probiotski
kvasac Saccharomyces boulardii za sada nepoznatim
mehanizmima, in vitro inhibira rast nekih patogenih i
uslovno patogenih mikroorganizama poput Candida
albicans, Escherichia coli, Salmonella enterica serovar
Typhi, Shigella dysenteriae, Vibrio cholerae, Salmonella
enteritidis [12,13]. Takode, odredene vrste bakteri-
ja mle¢ne kiseline medu kojima je Lactiplantibacillus
plantarum, sprecavaju kolonizaciju patogena kompe-
ticijom za hranljive materije i adhezivna mesta, mo-
difikacijom uslova sredine koja postaje nepovoljna za
rast patogena, proizvodnjom antimikrobnih jedinjenja
i modulacijom imunskog odgovora [14,15].

Transformacija bakterija tokom vremena i velika i/
ili povecana potrosnja antibiotika Sirom sveta znacajno
doprinose porastu antimikrobne rezistencije, $to pred-
stavlja ozbiljnu pretnju po javno zdravlje na globalnom
nivou. Samo tokom 2019. godine, antimikrobna rezi-
stencija je bila odgovorna za smrt najmanje 1,27 milio-
na ljudi Sirom sveta, $to jasno pokazuje da predstavlja

can cause erythema migrans and disseminate into the
circulation, B. afzelii most often remains localized to the
skin and is commonly associated with late-stage skin
manifestations, such as acrodermatitis chronica atro-
phicans (ACA), a condition found exclusively in Europe.
Borrelia burgdorferi s.s.is primarily associated with rheu-
matological manifestations, particularly Lyme arthritis,
which is more frequently observed in North America
than in Europe. Borrelia garinii and B. bavariensis are
most often linked to neurological symptoms, includ-
ing Lyme neuroborreliosis, which may occur during the
second and third stages of the disease [2].

Following diagnosis, the duration and dosage of
antibiotic therapy, administered either orally or intra-
venously, are determined based on the stage of the
disease, the patient’s age, and immune status. The
most commonly used antibiotics include doxycycline,
amoxicillin, ceftriaxone, cefuroxime, and azithromycin,
typically prescribed for a period of 10 to 30 days, de-
pending on the clinical form and stage of the disease
[1]. The best protection against Lyme borreliosis (LB) is
to avoid tick bites and to carefully examine the skin af-
ter spending time outdoors. Prophylactic antibiotic use
following a tick bite is not recommended, as not every
tick is infected with Borrelia, and not every bite from an
infected tick results in transmission of the pathogen.
Currently, there are no guidelines or recommendations
for prophylactic antibiotic use after tick bites in Eu-
rope. To date, there is no topical product available on
the market that can be applied to the skin after a tick
bite to prevent the transmission of Borrelia. Similarly, no
preparation exists for the local treatment of erythema
migrans aimed at preventing further dissemination of
Borrelia into the systemic circulation. Unlike pathogen-
ic Borrelia species, which cause both local and systemic
manifestations of LB requiring antibiotic therapy, probi-
otic microorganisms have demonstrated beneficial ef-
fects on human health [10,11]. Certain strains produce
antimicrobial substances, such as organic acids, bacte-
riocins, peptides, and polysaccharides, that are released
into the culture supernatant during cultivation [12].
The probiotic yeast Saccharomyces boulardii has been
shown in vitro to inhibit the growth of various patho-
genic and opportunistic microorganisms, including
Candida albicans, Escherichia coli, Salmonella enterica
serovar Typhi, Shigella dysenteriae, Vibrio cholerae, and
Salmonella enteritidis [12,13]. Additionally, certain lactic
acid bacteria, including Lactiplantibacillus plantarum,
help prevent pathogen colonization by competing for
nutrients and adhesion sites, altering environmental
conditions to inhibit pathogen growth, producing an-
timicrobial compounds, and modulating the immune
response [14,15].
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ozbiljan rizik za zdravlje ljudi u svim Zivotnim dobima
[16]. Zbog ogranicenja u leCenju lajmske borelioze, ne-
ophodno je razviti bezbedne i delotvorne alternativne
pristupe, kao 5to je topikalni preparat na bazi bioloski
aktivnih komponenti, koji bi se profilakti¢ki primeniji-
vao nakon uboda krpelja ili na mestu primarne kozne
lezije, s ciljem da spredi dalju diseminaciju borelija i
time znacajno smaniji ili eliminise potrebu za prime-
nom antibiotika.

Cilj ove studije bio je da se in vitro ispita rast, raz-
mnozavanje i pokretljivost B. afzelii u prisustvu super-
natanata S. boulardii, L. plantarum i njihovih me3avina
kao i da se odrede vrednosti njihovih minimalnih inhi-
bitornih koncentracija (MIK).

MATERIJAL | METODE

U studiji je testiran soj B. afzelii RS163_11i, prethodno
izolovan iz krpelja vrste I. ricinus [6], a koji je deo kolek-
cije izolata Instituta za medicinska istrazivanja, Institu-
ta od nacionalnog znacaja za Republiku Srbiju, Univer-
ziteta u Beogradu. Soj je ¢uvan na -80 °C u brucela-gli-
cerol bujonu, rekultivisan u Barbour-Stoenner-Kelly-H
(BSK-H) (HiMedia, India) podlozi i inkubiran na 33 °C
do postizanja koncentracije borelija od 1-2 x 10%/mL,
dok je za odredivanje broja borelija/mL primenjena
Neubauer komora za brojanje (Brand Gmbh & Co. KG,
Wertheim, Germany) u kombinaciji sa mikroskopira-
njem u tamnom polju [17].

Za pripremu supernatanata koris¢ene su liofilizo-
vane kulture iz komercijalno dostupnog probiotskog
preparata, iz kojih su zatim izolovane ciste kulture S.
boulardii i L. plantarum pripremljene na Katedri za mi-
krobiologiju i imunologiju, Farmaceutskog fakulteta
Univerziteta u Beogradu.

Serije dvostrukih razblazenja supernatanta S. bo-
ulardii, L. plantarum i njihovih mesavina su pripremljene
u BSK-H podlozi. Zapremina svakog testiranog super-
natanta i njihove mesavine iznosila je 100 pL (pocetna
maksimalna koncentracija 100%) koja je u opadaju¢im
koncentracijama mesana sa 100 pL kulture ispitivanog
soja B. afzelii, koncentracije 1-2 x 10° borelija/mL, a sa-
mostalno sluzila kao pozitivna kontrola, dok je kao ne-
gativna kontrola koris¢ena BSK-H podloga. Od svakog
testiranog probiotskog mikroorganizma (S. boulardii, L.
plantarum i njihove mesavine), pripremljeno je po 10
serijskih dvostrukih razblazenja u opadaju¢im koncen-
tracijama (od 100% do 0,2%), dok je me3avina super-
natanata pripremljena u odnosu 1:1, dodavanjem po
50 uL svakog supernatanta u opadaju¢im koncentra-
cijama pocevsi od maksimalne koncentracije, od 100%
svakog probiotskog mikroorganizma.

Antibiotik ceftriakson je koris¢en kao kontrolni an-
tibiotik u bujon mikrodilucionoj metodi za borelije i te-

Bacterial evolution over time, combined with the
widespread and increasing use of antibiotics globally,
has significantly contributed to the rise of antimicrobi-
al resistance, a major threat to public health worldwide.
In 2019 alone, antimicrobial resistance was responsible
for at least 1.27 million deaths globally, underscoring
the serious risk it poses to human health across all age
groups [16]. Due to the limitations in LB treatment,
there is a need to develop safe and effective alterna-
tive approaches, such as a topical preparation based
on biologically active components that can be applied
prophylactically after a tick bite or at the site of the pri-
mary skin lesion. The goal is to prevent further dissem-
ination of Borrelia infection and thereby significantly
reduce or eliminate the need for antibiotic therapy.

The aim of this study was to investigate in vitro the
growth, reproduction, and motility of B. afzelii in the
presence of supernatants from S. boulardii, L. planta-
rum, and their mixtures, as well as to determine their
minimum inhibitory concentration (MIC) values.

MATERIALS AND METHODS

The study tested the B. afzelii strain RS163_11i, previ-
ously isolated from [. ricinus ticks [6], and maintained
within the isolate collection of the Institute for Medi-
cal Research, National Institute of the Republic of Ser-
bia, University of Belgrade. The strain was preserved
at —80 °C in Brucella-glycerol broth and subsequently
recultivated in Barbour-Stoenner-Kelly H (BSK-H) me-
dium (HiMedia, India). Cultivation was carried out at
33 °C until a Borrelia concentration of 1-2 x 10° cells/
mL was achieved. Cell counts were determined using
a Neubauer counting chamber (Brand GmbH & Co. KG,
Wertheim, Germany) under dark-field microscopy [17].
To prepare the supernatants, lyophilized cultures
from a commercially available probiotic formulation
were used as the source for isolating pure cultures of
S, boulardii and L, plantarum. These isolates were pre-
pared at the Department of Microbiology and Immu-
nology, Faculty of Pharmacy, University of Belgrade.
Two-fold serial dilutions of S. boulardii, L. planta-
rum, and their mixed supernatants were prepared in
BSK-H medium. For each test, 100 uL of the undiluted
supernatant (initial concentration 100%) or its dilution
was mixed with 100 uL of the B. afzelii culture (1-2 x
10° cells/mL). The B. afzelii culture without supernatant
served as a positive control, while BSK-H medium with-
out the addition of bacteria was used as a negative
control. For each tested probiotic microorganism (S.
boulardii, L. plantarum, and their mixtures), ten serial
two-fold dilutions were prepared, ranging from 100%
to 0.2% concentration. The mixed supernatant was
prepared in a 1:1 ratio by combining 50 uL of each in-
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stiran u rasponu 8-0,016 pug/mL kao $to je prethodno
opisano [18].

Antimikrobna aktivnost supernatanata i kontrolnog
antibiotika ceftriaksona je ispitivana primenom modifi-
kovane bujon mikrodilucione metode za borelije, s ob-
zirom na to da Evropski komitet za ispitivanje antimi-
krobne osetljivosti (European Committee on Antimicro-
bial Susceptibility Testing - EUCAST) i Institut za klinicke
i laboratorijske standarde (Clinical and Laboratory Stan-
dards Institute — CLSI) ne definidu uputstva i kriterijume
za izvodenje ove metode za borelije, kao ni grani¢ne
vrednosti MIK za antibiotke [17]. Ukratko, za bujon mi-
krodilucionu metodu i odredivanje MIK vrednosti anti-
biotika i testiranih supernatanata koriS¢ene su sterilne
plasti¢ne 96-mikrotitarske ploce. Prva kolona je sluzila
kao pozitivna kontrola (kultura borelija), druga kolona
kao negativna kontrola (BSK-H podloga), a od tre¢e do
12. kolone bazeni su punjeni mesavinom borelija i te-
stiranim supstancama u opadaju¢im koncentracijama
[17]. Opseg testiranih koncentracija supernatanata pro-
biotskih mikroorganizama u mikrotitarskim plo¢ama je
bio od 50% do 0,1%, za meSavinu probiotskih mikroor-
ganizama od 25% do 0,05%, dok je za kontrolni antibi-
otik opseg bio od 168 pg/mL do 0,3 pg /mL [17]. Ekspe-
rimenti sa testiranim supstancama ponovljeni su dva
puta u triplikatu. Nakon postavljanja mikrodilucionog
testa, mikrotitarske ploc¢e suinkubirane 72 sata na 33 °C
u Gas-Pak posudi (BD GasPak™ EZ Container Systems)
sa anaerobnim generatorom i indikatorom. Nakon in-
kubacije, odredene su MIK vrednosti. Preparati su po-
smatrani mikroskopiranjem u tamnom polju i poredeni
su broj i pokreljivost borelija u prisustvu testiranih su-
pernatanata sa pozitivnom kontrolom i kontrolnim an-
tibiotikom. MIK je definisana kao najniza koncentracija
testiranog supernatanta probiotskog mikroorganizma
(S. boulardii i L. plantarum, ili njihove mesavine) i anti-
biotika u kokultivaciji sa B. afzelii, pri kojoj borelije nisu
bile pokretne ili su bile slabo pokretne, a njihov broj je
bio smanjen u odnosu na pozitvnu kontrolu.

STATISTICKA ANALIZA

Za statisticku obradu podataka koris¢eni su nepara-
metarski Kruskal-Wallis test i Mann-Whitney test, a po-
daci su prikazani kao medijana (min-max). Statisticke
hipoteze su testirane na nivou statisticke znacajnosti
p =0,05.

Rezultati su prikazani tabelarno. Svi podaci su obra-
deni u R programskom okruzenju (R Core Team, 2024).

REZULTATI

Nakon 72 sata inkubacije na 33 °C odredene su vredno-
sti MIK za S. boulardii, L. plantarum, njihovu mesavinu
kao i za kontrolni antibiotik ceftriakson. Kruskal-Wallis

dividual supernatant at corresponding dilution levels,
starting from the maximum concentration of 100% for
each strain.

Ceftriaxone was used as the reference antibi-
otic control in the broth microdilution method for
Borrelia, and was tested at concentrations ranging
from 8 to 0.016 pg/mL, as previously described [18].
The antimicrobial activity of the supernatants and the
control antibiotic ceftriaxone was evaluated using a
modified broth microdilution method adapted for
Borrelia, as neither the European Committee on Anti-
microbial Susceptibility Testing (EUCAST) nor the Clin-
ical and Laboratory Standards Institute (CLSI) provide
standardized guidelines or interpretive criteria for this
method, including MIC breakpoints for Borrelia spp
[17]. Briefly, the broth microdilution method for deter-
mining the MIC values of antibiotics and tested super-
natants was performed using sterile 96-well microtiter
plates. The first column served as a positive control
containing Borrelia culture, while the second column
served as a negative control with BSK-H medium. Wells
in columns three through twelve were filled with mix-
tures of Borrelia culture and the tested substances at
serially decreasing concentrations [17]. The tested con-
centration range of probiotic supernatants in the mi-
crotiter plates was 50% to 0.1% for individual strains,
25% to 0.05% for the mixed supernatants, and 168 ug/
mL to 0.3 ug/mL for the control antibiotic ceftriaxone
[17]. Each experiment was performed in duplicate, with
three technical replicates per condition. Following the
setup of the microdilution assay, the microtiter plates
were incubated for 72 hours at 33 °C in a GasPak™ EZ
anaerobic container system (BD), equipped with an
anaerobic generator and indicator. After incubation,
MIC values were determined. Dark-field microscopy
was used to assess Borrelia cell count and motility, and
results were compared between samples treated with
the tested supernatants, the positive control (untreat-
ed Borrelia culture), and the control antibiotic. MIC was
defined as the lowest concentration of the tested pro-
biotic supernatants (S. boulardii, L. plantarum, or their
mixture) or antibiotics during co-cultivation with B. af-
zelii at which the Borrelia cells were either non-motile
or showed significantly reduced motility, accompanied
by a decrease in their number compared to the posi-
tive control.

STATISTICAL ANALYSIS

Statistical analysis was performed using the non-para-
metric Kruskal-Wallis and Mann-Whitney tests. Data
were presented as median (minimum-maximum), and
statistical significance was determined at a p-value
threshold of 0.05.
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test je pokazao da postoji statisticki znacajna razli-
ka izmedu MIK vrednosti testiranih supernatanata (S.
boulardii, L. plantarum i njihovih mesavina) (p = 0,01).
Mann-Whitney test je pokazao da postoji statisticki
znacajna razlika izmedu MIK vrednosti supernatanta
S. boulardii i meSavine supernatanata (p = 0,02) kao i
izmedu supernatanta L. plantarum i meSavine superna-
tanata (p = 0,01) dok statisticki znacajna razlika ne po-
stoji izmedu supernatanata S. boulardii i L. plantarum
(p = 0,68). Statistickom analizom je pokazano da me-
savina testiranih probiotskih supernatanata efikasnije
inhibira rast i razmnozavanje B. afzelii u odnosu na po-
jedini¢ne probiotske supernatante.

Najefikasniji supernatant u inhibiciji rasta, raz-
mnozavanja i pokretljivosti B. afzelii bila je meSavina
supernatanata probiotskih mikroorganizama pri MIK
vrednosti medijane od 0,8%. Rezultati su predstavljeni
u Tabeli 1.

Tabela 1. Raspon i medijana vrednosti minimalnih inhibitornih koncentracija
(MIK) (%) supernatanta Saccharomyces boulardii, Lactiplantibacillus plantarum i
njihovih mesavina na vrstu Borrelia afzelii

Vrsta supernatanta / Type of supernatant
Saccharomyces boulardii
Lactiplantibacillus plantarum

Mesavina supernatanta / The mixture of supernatants

Pored definisanih MIK vrednosti za supernatante
S. boulardii, L. plantarum i njihovu me3avinu, pri nizim
koncentracijama supernatanata probiotskih mikroor-
ganizama uocena je povecana pokretljivost i broj bo-
relija u odnosu na pozitivnu kontrolu. Prisustvo super-
natanta S. boulardii, L. plantarum i njihovih mesavina,
uticalo je stimulativno na broj i pokretljivost borelija u
odnosu na pozitivhu kontrolu dok je B. afzelii bila naj-
pokretljivija a njena brojnost najvise poveéana u odno-
su na pozitivhu kontrolu u prisustvu mesavine super-
natanata pri vrednosti medijane od 0,1%. Rezultati su
predstavljeni u Tabeli 2.

MIK vrednost za testirani kontrolni antibiotik na B.
afzelli iznosio je 0,016 pg/mL (odnosno 0,3 pug/mL u
mikrotitarskim plo¢ama) Sto je u skladu sa prethodno

Tabela 2. Koncentracije (%) i vrednosti medijana (%) supernatanata
Saccharomyces boulardii, Lactiplantibacillus plantarum i njihovih meSavina koje
su stimulativno delovale na rast i pokretljivost vrste Borrelia afzelii

Vrsta supernatanta / Type of supernatant
Saccharomyces boulardii
Lactiplantibacillus plantarum

Mesavina supernatanta / The mixture of supernatants

Raspon MIK (%) vrednosti / MIC (%) range
0.8% — 50%
1.6% — 25% 6%
0.2% —3.1%

Raspon koncentracija (%) / Concentration range (%)

The results are presented in tabular form. All data
analyses were conducted using the R programming
environment (R Core Team, 2024).

RESULTS

After 72 hours of incubation at 33 °C, MIC values were
determined for S. boulardii, L. plantarum, their mixture,
and the control antibiotic ceftriaxone. The Kruskal-Wal-
lis test revealed a statistically significant difference
among the MIC values of the tested supernatants (S.
boulardii, L. plantarum, and their mixture) (p =0.01). Wil-
coxon test showed significant differences between the
MIC of S. boulardii and the mixture (p = 0.02), as well as
between L. plantarum and the mixture (p =0.01). No sta-
tistically significant difference was observed between
the MIC values of the supernatants of S. boulardii and L.
plantarum (p = 0.68). Statistical analysis demonstrated
that the mixture of the tested probiotic supernatants

Table 1. Range and median values of minimum inhibitory concentrations (MIC,
%) of supernatants from Saccharomyces boulardii, Lactiplantibacillus plantarum,
and their mixtures against Borrelia afzelii

Medijana MIK (%) / Median MIC (%) value
12.5%

0.8%

inhibited the growth and reproduction of B. afzelii more
effectively than the individual supernatants alone.

The most effective supernatant in inhibiting the
growth, reproduction, and motility of B. afzelii was the
mixture of probiotic supernatants, with a median MIC
value of 0.8%. The results are presented in Table 1.

In addition to the defined MIC values for the super-
natants of S. boulardii, L. plantarum, and their mixture,
lower concentrations of these probiotic supernatants
were associated with increased Borrelia motility and
cell numbers compared to the positive control. The
presence of supernatants from S. boulardii, L. planta-
rum, and their mixture stimulated both the number
and motility of Borrelia compared to the positive con-
trol. Notably, B. afzelii exhibited the greatest increase in

Table 2. Concentrations (%) and median values (%) of Saccharomyces boulardii,
Lactiplantibacillus plantarum, and their mixed supernatants that exhibited a
stimulatory effect on the growth and motility of Borrelia afzelii

Medijana (%) / Median value (%)

0.1% - 6.3% 0.4%
0.1%-3.1% 0.2%
0.1% 0.1%.
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objavljenim rezultatima i njegovom dokazanom inhi-
bitirnom dejstvu na rast i razmnoZzavanje borelija.

DISKUSLJA

Saccharomyces boulardii je jedini eukariotski mikroor-
ganizam koji se koristi u farmaceutskoj industriji u svr-
hu probiotika. Za sada su poznata dva mehanizma po-
mocu kojih S. boulardii deluje na patogene: vezivanjem
za bakterije i njihove toksine, ¢ime se olakSava njihova
eliminacija i lu¢enje specifi¢nih proteina koji imaju ulo-
gu u degradaciji toksina i/ili ¢elijskih elemenata pato-
gena [19]. Studija Rajkowske i Kunicka-Styczynske [20]
pokazala je da S. boulardii vezuje enteropatogene bak-
terije (E. coli, S. enterica var. Typhimurium, Staphylococ-
cus aureus, Campylobacter jejuni i Enterococcus faecalis)
olaksavajudi njihovu eliminaciju iz organizma. Uo¢eno
je da S. boulardii znacajno smanjuje broj ¢elija Listeria
monocytogenes, Pseudomonas aeruginosa i S. aureus, a
pored toga smanjuje i stopu rasta L. monocytogenes i P.
aeruginosa.

Jedan od mehanizama kako L. plantarum kao i
ostale bakterije mle¢ne kiseline uti¢u na patogene je-
ste proizvodnja razli¢itih antimikrobnih jedinjenja, kao
$to su bakteriocin, vodonik peroksid, organske kiseli-
ne, aceton i masne kiseline [21,22]. Antimikrobni pep-
tidi-bakteriocini, deluju baktericidno ili inhibiraju rast
srodnih bakterija, ukljucujuci patogene sojeve. Pose-
duju niz pozitivnih svojstava, a neka od njih su dejstvo
protiv patogena rezistentnih na antibiotike, uz odsu-
stvo ili nisku toksi¢nost prema eukariotskim celijama
[23]. Na primer, plantaricin PLNC8 ap-bakteriocin, koji
proizvodi L. plantarum je pokazao antimikrobno dej-
stvo prema paradontalnom patogenu Porphyromonas
gingivalis izazivanjem deformacije spoljasnje membra-
ne i lize ¢elija.

Upravo zbog pomenutog antimikrobnog dejstva
oba probiotska mikroorganizma, polazna hipoteza je
podrazumevala moguénost postojanja antibakterij-
skog efekta, a glavni cilj studije je bio ispitati njihov
inhibitorni efekat na uzrocnika LB, bakteriju B. afzelii,
in vitro, koji do sada nije ispitivan. Poredenje nasih re-
zultata, sa rezultatima prethodnih istrazivanja nije u
potpunosti adekvatno, jer je koris¢ena drugacija me-
todologija sa razli¢itim test mikroorganizmima. Tako-
de, u okviru nase studije dobijeni su prvi preliminarni
rezultati za borelije primenom bujon mikrodilucione
metode, kojom do sada nisu bili testirani pomenuti
probiotski mikroorganizmi. U studiji iz 2012. godine je
metodom difuzije u agaru testiran antimikrobni po-
tencijal supernatanta S. boulardii protiv S. aureus, E. coli,
C. albicans i Aspergillus niger [12]. Njihovi rezultati su
prikazani kao zone inhibicije (u milimetrima), Sto nije
direktno uporedivo sa rezultatima dobijenim u nasoj

motility and abundance in the presence of the mixed
supernatants at a median concentration of 0.1%. These
results are presented in Table 2.

The MIC value of the tested control antibiotic for B.
afzeliiwas 0.016 ug/mL (corresponding to 0.3 pg/mL in
microtiter plates), consistent with previously published
data and confirming its established inhibitory effect on
the growth and reproduction of Borrelia.

DISCUSSION

Saccharomyces boulardii is the only eukaryotic micro-
organism used as a probiotic in the pharmaceutical in-
dustry. To date, two mechanisms of its action against
pathogens have been identified: it binds to bacteria
and their toxins, promoting their elimination, and it
secretes specific proteins involved in the degradation
of toxins and/or pathogenic cellular components [19].
A study by Rajkowska and Kunicka-Styczynska [20]
demonstrated that S. boulardii binds to enteropatho-
genic bacteria (E. coli, S. enterica serovar Typhimuri-
um, Staphylococcus aureus, Campylobacter jejuni, and
Enterococcus faecalis), thereby facilitating their elimi-
nation from the body. The study also showed that S.
boulardii significantly reduces the number of Liste-
ria monocytogenes, Pseudomonas aeruginosa, and S.
aureus cells, and additionally slows the growth of L.
monocytogenes and P. aeruginosa.

One of the key mechanisms by which L. plantarum
and other lactic acid bacteria affect pathogens is the
production of a range of antimicrobial compounds,
including bacteriocins, hydrogen peroxide, organic
acids, acetone, and fatty acids [21,22]. Antimicrobial
peptides known as bacteriocins exhibit bactericidal ac-
tivity or inhibit the growth of related bacteria, includ-
ing pathogenic strains. They possess several advanta-
geous properties, notably their effectiveness against
antibiotic-resistant pathogens and their low or negli-
gible toxicity to eukaryotic cells [23]. For example, the
bacteriocin plantaricin PLNC8 af3, produced by L. plan-
tarum, has demonstrated antimicrobial activity against
the periodontal pathogen Porphyromonas gingivalis by
inducing outer membrane deformation and cell lysis.

In light of the previously described antimicrobial
properties of both probiotic microorganisms, the initial
hypothesis suggested their potential antibacterial ef-
fect. The main objective of this study was to examine,
for the first time, their inhibitory activity against Bor-
relia afzelii, the causative agent of LB, in vitro. Howev-
er, comparisons with earlier studies are limited due to
differences in methodology and the microbial strains
tested. Additionally, this study provides the first prelim-
inary results on Borrelia using the broth microdilution
method, which had not previously been applied to the

172

Jun 2025. | Volumen 6/ Broj 2 | SrPski MEDICINSKI CASOPIS LEKARSKE KOMORE



ISPITIVANJE IN VITRO OSETLJIVOSTI BORRELIA AFZELII, UZROCNIKA LAJMSKE BORELIOZE,

NA SUPERNATANTE LACTIPLANTIBACILLUS PLANTARUM | SACCHAROMYCES BOULARDII

Jevremovic¢ K. et al.

IN VITRO SUSCEPTIBILITY OF BORRELIA AFZELIl, THE CAUSATIVE AGENT OF LYME BORRELIOSIS,
TO THE SUPERNATANTS OF LACTIPLANTIBACILLUS PLANTARUM AND SACCHAROMYCES BOULARDII

studiji, s obzirom na razlike u primenjenoj metodolo-
giji, korid¢enim test organizmima i rezultatima koji su u
nasem slucaju predstavljeni procentima. Antimikrobna
aktivnost supernatanta L. plantarum potvrdena je me-
todom tackaste difuzije u agaru protiv sojeva E. coli, L.
monocytogenes, E. faecalis i P. aeruginosa, pri ¢emu je
veli¢ina zone inhibicije koris¢ena kao pokazatelj inten-
ziteta antimikrobnog delovanja [24]. U eksperimentu
u kojem je primenjena bujonmikrodiluciona metoda
[23], kao i u nasoj studiji, koris¢ena je serija dvostru-
kih razblaZenja razlicitih tipova plantaricina koji su bili
predmet testiranja. Za razliku od navedenog rada, u
nasem ispitivanju koris¢eni su celokupni supernatanti
probiotskih mikroorganizama i B. afzelii iz kompleksa
B. burgdorferis.l., pri ¢emu je primenjena modifikovana
mikrodiluciona metoda. S druge strane, bujon mikro-
diluciona metoda za borelije nije standardizovana, tj.
EUCAST i CLSI kao 5to je prethodno pomenuto, ne de-
finiSu smernice za izvodenje bujon mikrodilucione me-
toda za borelije, ¢ak ni za ispitivanje osetljivosti borelija
na antibiotike. S tim u vezi treba pomenuti da se ne de-
finidu ni grani¢ne vrednosti MIK za antibiotike kada su
u pitanju bakterije izkompleksa B. burgdorferis.|. Pored
MIK koje smo utvrdili za ispitivane probiotske mikroor-
ganizme, vazan deo rezultata ¢ine i podaci o procentu-
alnim vrednostima koje su pokazale stimulativan uticaj
na brojnost i pokretljivost borelija. Ovi nalazi predstav-
ljaju prvi korak u razumevanju kako odredeni probi-
otski sojevi mogu uticati na rast i ponasanje borelija u
vestackim uslovima. Time se otvara mogucnost daljeg
usavrsavanja BSK-H (Hi-Media) podloge - standardnog
medijuma za njihovu kultivaciju, s ciljem da se ona udi-
ni efikasnijom za izolaciju i kultivaciju borelija iz razli-
¢itih bioloskih uzoraka. lako je Sigma BSK-H podloga
skupa, Hi-Media, koja ima isti sastav, predstavlja jefti-
niju alternativu koja moze znacajno smanijiti troskove
ispitivanja. Efikasnost podloge je klju¢na, jer uspesnost
izolacije i kultivacije borelija zavisi upravo od njenog
kvaliteta. U ovom kontekstu, prethodna istrazivanja,
poput studije Ruzi¢-Sablji¢ i saradnika [25], pokazala je
da Hi-Media podloga bolje stimuliSe rast borelija. Nasa
istrazivanja su dodatno potvrdila ove nalaze, pokazuju-
¢i da dodavanje supernatanata probiotika borelijama
utice na njihov bolji rast i povecanu pokretljivost, ¢ime
se otvara nova perspektiva za primenu probiotika u
optimizaciji laboratorijskih uslova za njihov rast. S dru-
ge strane, dobijene MIK vrednosti za supernatante S.
boulardii i L. plantarum i njihovu mesavinu na B. afzelii
(Tabela 1), predstavlja prvi do sada dobijen rezultat na
borelijama sa ovim supernatantima, $to pruza osnov
za dalja istrazivanja supernatanata i njihovog inhibi-
tornog efekta na rast, razmnozavanje i pokretljivost
borelija.

probiotic microorganisms in question. In a 2012 study,
the antimicrobial potential of S. boulardii supernatant
was evaluated against S. aureus, E. coli, C. albicans, and
Aspergillus niger using the agar diffusion method [12].
Their results were expressed as zones of inhibition (in
millimeters), which are not directly comparable to the
findings of our study due to differences in methodolo-
gy, the test organisms used, and the way results were
reported-in our case, as percentages. The antimicrobial
activity of L. plantarum supernatant was previously con-
firmed using the agar point diffusion method against E.
coli, L. monocytogenes, E. faecalis, and P. aeruginosa, with
the size of the inhibition zone serving as an indicator of
antimicrobial intensity [24]. In the experiment where
the broth microdilution method was used [23], as in our
study, a series of two-fold dilutions of various types of
plantaricins were tested. However, unlike that study,
our research employed whole supernatants of probiot-
ic microorganisms and B. afzelii from the B. burgdorferi
s.l. complex, using a modified microdilution method.
On the other hand, the broth microdilution method for
Borrelia is not standardized; as previously mentioned,
neither EUCAST nor CLSI provides guidelines for per-
forming this method on Borrelia, including antibiotic
susceptibility testing. It is important to note that MIC
breakpoint values for antibiotics have not been estab-
lished for bacteria within the B. burgdorferi s.I. complex.
Alongside the MIC values we determined for the tested
probiotic microorganisms, a significant part of our re-
sults includes percentage data indicating a stimulatory
effect on the number and motility of Borrelia. These find-
ings represent an initial step toward understanding how
specific probiotic strains may influence the growth and
behavior of Borrelia under controlled, in vitro conditions.
This opens up the possibility for further optimization of
the BSK-H medium (Hi-Media), the standard substrate
for Borrelia cultivation, with the goal of enhancing its ef-
ficiency for isolating and growing Borrelia from various
biological samples. While the Sigma BSK-H medium is
expensive, Hi-Media offers a more affordable alternative
with the same composition, potentially reducing testing
expenses significantly. The effectiveness of the medium
is critical, as successful isolation and cultivation of Borrel-
ia depend heavily on its quality. In this regard, previous
research, such as the study by Ruzi¢-Sablji¢ et al. [25],
demonstrated that the Hi-Media medium more effec-
tively promotes the growth of Borrelia. Our research fur-
ther supports these findings by demonstrating that the
addition of probiotic supernatants to Borrelia enhances
their growth and motility, thus opening new possibili-
ties for using probiotics to optimize laboratory cultiva-
tion conditions. Moreover, the MIC values obtained for
the supernatants of S. boulardii, L. plantarum, and their
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Ako se uzmu u obzir mogudi znacaj dobijenih MIK
rezultata probiotskih mikroorganizama i potencijalne
smernice daljeg istrazivanja, treba razmotriti dalje as-
pekte istrazivanja — formulaciju topikalnog (profilak-
tickog) preparta, koji bi se primenjivao nakon uboda
krpelja i ¢ime bi se sprecila oralna i/ili intravenska pri-
mena antibiotika. Trenutno lek za LB koji bi se koristio
topikalno ili profilakticki ne postoji. Ipak, 2017. godine
je sprovedena pilot klinicka studija u kojoj su ispitanici,
nakon uboda krpelja topikalno nanosili preparat 10%
azitromicina u formi gela [26]. Rezultati ove studije nisu
bili zadovoljavajuéi za preporuku azitromicin-gela u
profilakticke svrhe. Jo$ jedna studija bavila se slicnom
tematikom. Naime, postoje dokazi o efikasnosti topi-
kalne primene kreme azitromicina u cilju prevencije
nastanka LB. Ipak, efikasnost u pruzanju 100% zastite
od infekcije nakon uboda krpelja je za sada ispitivana
samo na misevima [27].

Sve ovo ukazuje na potrebu za razvojem topikal-
nog preparata sa drugacijom formulacijom i meha-
nizmom delovanja. S tim u vezi ideja 0 moguénosti
zamene antibiotika prirodnim proizvodima, koji ne iza-
zivaju nezeljene efekte i uzrokuju maniji rizik od daljeg
razvoja antimikrobne rezistencije, i ujedino doprinose
smanjenju ili racionalizaciji njihove upotrebe, postaje
sve relevantnija. Formulacija potencijalnog topikalnog
probiotskog preparata, na bazi testiranih probiotskih
mikroorganizama, mogla bi znacajno doprineti pre-
venciji erythema migrans, kao i mogu¢em sprecava-
nju Sirenja borelija sistemskom cirkulacijom. U naSem
istrazivanju, pokazano je da se pri odredenim koncen-
tracijama supernatanta probiotskih mikroorganizama
brojnost i pokretljivost borelija smanjuje, ali bez ispita-
nih molekularnih mehanizama delovanja. Zbog toga bi
u daljim istrazivanjima trebalo proucavati komponente
supernatanata kao i molekularne mehanizme kojima
supernatanti (celi) i/ili njihove komponente inhibiraju
rast i pokretljivost uzro¢nika LB - B. afzelii. Upravo iz
tog razloga se dalja istrazivanja u svrhu formulacije to-
pikalnog preventivhog probiotskog preparata na bazi
ispitivanih probiotskih mikroorganizama ostavljaju
kao otvoreno polje za buduca istrazivanja.

ZAKLJUCAK

Ovim istrazivanjem je pokazano da supernatanti S. bo-
ulardii i L. plantarum imaju antimikrobno dejstvo na B.
afzelii. Kombinacija supernatanata ova dva probiotska
mikroorganizma imala je najefikasnije dejstvo pri nji-
hovoj mesavini (MIK vrednost medijana 0,8%), 3to ih
¢ini potencijalnim kandidatima za dalje istrazivanje. Ta-
kode, primecena je stimulacija rasta i veca pokretljivo-
sti borelija pri nizim koncentracijama supernatanata,
odnosno njihovoj mesavini, pri koncentraciji vrednosti

mixture against B. afzelii (Table 1) represent the first such
data reported for Borrelia. These results provide a foun-
dation for future studies on the inhibitory effects of pro-
biotic supernatants on the growth, reproduction, and
motility of Borrelia.

Considering the potential significance of the ob-
tained MIC results for probiotic microorganisms and
future research directions, additional aspects warrant
attention-specifically, the development of a topical
(prophylactic) formulation to be applied after a tick
bite, aimed at preventing the need for oral and/or in-
travenous antibiotic treatment. Currently, no topical or
prophylactic drug for LB exists. However, in 2017, a pi-
lot clinical study investigated the topical application of
a 10% azithromycin gel following tick bites [26]. The re-
sults were unsatisfactory, and the study did not support
recommending azithromycin gel for prophylactic use.
Another study explored a similar approach, providing
evidence for the effectiveness of topical azithromycin
cream in preventing LB However, this protective effect,
achieving 100% prevention of infection after a tick bite,
has so far only been demonstrated in mice [27].

All of this highlights the need to develop a topical
preparation with a different formulation and mecha-
nism of action. In this context, the prospect of replacing
antibiotics with natural products, which do not cause
side effects and pose a lower risk of promoting antimi-
crobial resistance, becomes increasingly relevant. De-
veloping a topical probiotic formulation based on the
tested probiotic microorganisms could play a significant
role in preventing erythema migrans and potentially in-
hibiting the systemic spread of Borrelia. Our research
demonstrated that at certain concentrations, probiotic
microorganism supernatants reduce the number and
motility of Borrelia, although the underlying molecular
mechanisms were not investigated. Therefore, future
studies should focus on identifying the active compo-
nents within these supernatants and elucidating the
molecular pathways through which the whole super-
natants and/or their components inhibit the growth
and moatility of B. afzelii, the causative agent of LB. This
highlights a promising area for further research aimed
at developing a topical probiotic preventive formulation
based on the tested probiotic strains.

CONCLUSION

This study demonstrated that the supernatants of S.
boulardii and L. plantarum exhibit antimicrobial activ-
ity against B. afzelii. The mixed supernatants of these
two probiotic microorganisms showed the strongest
effect, with a median MIC value of 0.8%, highlighting
their potential for further investigation. Interestingly,
at lower concentrations, specifically around a median
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medijane 0,1%, $to takode zahteva dodatna ispitivanja.
Potencijalni smerovi daljih istrazivanja ukljucuju anali-
zu sastava supernatanata i proucavanje molekularnih
mehanizama kojima bi se objasnila inhibicija rasta,
razmnoZzavanja i pokretljivosti B. afzelii. To bi dalje ini-
ciralo pre svega istrazivanja za razvoj topikalnog profi-
laktickog preparata koji bi se primenjivao nakon uboda
krpelja i koji bi sprecavao pojavu erythema migranas.
Samim tim bi se mogla smanijiti diseminacija borelija
u sistemsku cirkulaciju, rizik od kompikacija koje sa so-
bom nosi LB, kao i upotreba antibiotika.
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SAZETAK

Uvod: Ekonomija je oblast koja obuhvata proizvode, usluge i trgovinu, a reproduktivna bioeko-
nomija se odnosi na oblast reprodukcije i nacine proizvodnje, usluga, kupaca i trgovine sa repro-
duktivnim celijama i tkivima. Svrha ovog istraZivanja je da se identifikuju klju¢ni faktori na trzistu
reproduktivne bioekonomije koji je oblikuju, kako bi se prepoznale mogu¢nosti za unapredenje, i
uocili potencijalni izazovi. U skladu s tim, cilj rada podrazumeva sprovodenje analize za opisivanje
snaga, slabosti, mogucnosti i pretnji (SWOT analize) na trzistu reproduktivne bioekonomije, $to ce
omoguciti formulisanje strategijskih smernica za dalji razvoj.

Metode: Sproveden je pregled literature objavljene od 2017. do 2024. Sprovedena je pretraga
akademskih i naucnih radova koris¢enjem baze podataka PubMed, Springer i Elsevier, kao i alata
Google Scholar za identifikaciju dodatnih relevantnih izvora. KoriScen je sledeci string za pretragu:
(("donacija reproduktivnih celija” ILl “donacija gameta” ILI “donacija jajnih celija” ILI “donacija sper-
me”) AND (“biomedicinski inZenjering” ILI “biotehnologija proizvodnje gameta” ILI “kriobiologija
gameta” ILI “banke gameta” IL| “gamete banks” ILI “gamete banks” OR “gamete banks” OR “gamete
cross-border game”) roditeljstvo” ILI , uticaj karijere na reprodukciju” ILI ,pojedinacni donator do-
nira vise banaka” ILI ,netradicionalna porodica” ILI ,altruizam” ILI ,reproduktivni rad” ILI , bioetika
u doniranju reproduktivnih celija”)). Faktori koji imaju najveci uticaj na razvoj reproduktivnog bio-
ekonomskog trZista su identifikovani koris¢enjem PRISMA vodica za izvestavanje (engl, Preferred
Reporting Items for Systematic reviews and Meta-Analyses), i klasifikovani uz pomo¢ SWOT instru-
menta za strateSku analizu u snage, slabosti, mogucnosti i pretnje.

Rezultati: Pregledom literature pokazano je da su najuticajnije (i) snage reproduktivne bioeko-
nomije: postojanje i razvoj biomedicinskog inZenjerstva, razvoj novih tehnologija u biotehnologiji
— Kriobiologija, distribucija i biodostupnost proizvoda — kriobanke; (ii) trZisne mogu¢nosti: pre-
kogranicna reproduktivna zdravstvena zastita (eng., Cross Border Reproductive Care), transnacio-
nalni program donacije gameta (eng., Transnacional Gamete Donation) i raznolikost potro3aca koji
ucestvuju na trzistu reproduktivne bioekonomije; ali i (iii) slabosti: odlaganje roditeljstva na starije
Zivotne dobi, regulisanje broja porodica po davaocu gde razliciti standardi oteZavaju pracenje, bu-
duce formiranje slozene, netradicionalne, moderne porodice; kao i (iv) potencijalne pretnje u vidu
nepoznatog kvaliteta i buducih rezultata, bioeticke dileme i da komercijalizacija reproduktivnog
rada predstavlja pretnju altruizmu.

Zakljucak: Rezultati ovog istraZivanja su pokazali znacajan potencijal reproduktivne bioeko-
nomije za lecenje neplodnosti i diversifikaciju porodice. Neophodno je da requlatorni okvir bude
transparentan, u skladu sa etickim i normativnim propisima, pre sprovodenja programa doniranja
reproduktivnog materijala, i uvodenja nacionalnog registra za domace i strane drzavljane, sve po-
tencijalne korisnike programa donacije.
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ABSTRACT

Introduction: The economy is a field that includes products, services, and trade, and reproductive
bioeconomy refers to the field of reproduction and the ways of production, services, customers, and
trade of reproductive cells and tissues. This research aimed to identify the key factors that shape the
reproductive bioeconomy market and pinpoint opportunities for improvement as well as potential
challenges. Accordingly, the study objective includes implementing an analysis to determine the
Strengths, Weaknesses, Opportunities, and Threats in the reproductive bioeconomy market (SWOT
analysis); this will enable the formulation of strategic guidelines for further development.
Methods: A review of the literature published from 2017 to 2024 was carried out. A search of aca-
demic and scientific papers was conducted using the PubMed, Springer, and Elsevier databases, as
well as the Google Scholar tool, to identify additional relevant sources. The following search string
was used:"(“donating reproductive cells” OR ,gamete donation” OR ,00cyte donation “ OR ,sperm
donation”) AND (, biomedical engineering” OR ,in vitro gamete production biotechnology” OR
,gamete cryobiology” OR ,gamete banks” OR ,cross-border reproductive care “ OR ,Transnational
gamete donation”) AND (, parenthood delay” OR ,career impact on reproduction” OR ,one donor
donates to several banks” OR ,non-traditional family” OR ,altruism” OR ,reproductive work” OR ,,
bioethics in donating reproductive cells”)”. The factors that have the greatest impact on the devel-
opment of the reproductive bioeconomy market have been identified using the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) guide, and classified with the help of
the SWOT instrument for strategic analysis into strengths, weaknesses, opportunities, and threats.
Results: The review of the literature showed that the most influential forces of the reproductive
bioeconomy are: (i) the strengths of the reproductive bioeconomy: the existence and development
of biomedical engineering, the development of new technologies in biotechnology — Cryobiology,
distribution and bioavailability of products — cryobanks; (ii) market opportunities: cross-border
reproductive care (eng., Cross Border Reproductive Care), Transnational Gamete Donation Pro-
gram (eng., Transnational Gamete Donation), and the diversity of consumers participating in the
reproductive bioeconomy market; but also (i) weaknesses: postponing parenthood to older ages,
regulating the number of families per donor where different standards make monitoring difficult,
the future formation of a complex, non-traditional, modern family; as well as (iv) potential threats
in the form of unknown quality and future results, bioethical dilemmas, and that the commerciali-
sation of reproductive work poses a threat to altruism.

Conclusion: This research demonstrates significant potential for the reproductive bioeconomy in
treating infertility and promoting family diversification. Before implementing the reproductive
material donation program and establishing a national registry for domestic and foreign citizens
who are potential beneficiaries of the donation program, the requlatory framework must be trans-
parent and aligned with ethical and normative regulations.

Keywords: hioeconomy, biotechnology, SWOT analysis, reproductive market, gamete donation,
PRISMA
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uvoD

Prema izvestaju Organisation for Economic Co-opera-
tion and Development (OECD), na srpskom - Organiza-
cija za ekonomsku saradnju i razvoj [1], reproduktivna
bioekonomija postaje sve znacajnija za unapredenje
zdravlja populacije. Ona obuhvata primenu biotehno-
loskih inovacija u oblasti reproduktivnog zdravlja, $to
dovodi do poboljsanog kvaliteta zdravstvene zastite
i povecanja uspesnosti u reproduktivnoj medicini. Uz
razvoj reproduktivne bioekonomije, neophodno je
prilagoditi javne zdravstvene politike kako bi se obez-
bedila njena dostupnost i eticka primena. Globalna
demografska kretanja ukazuju na starenje populacije i
pad nataliteta u pojedinim zemljama [2]. Za odrZivi ra-
zvoj drustva potrebni su inovativni pristupi u klju¢nim
oblastima, kao sto je reproduktivna bioekonomija [1].

Bioekonomija kombinuje biotehnologiju i prirodne
bioloske nauke, a bioloski materijali i proizvodi pred-
stavljaju priliku za odrzivi ekonomski rast [3]. Definicija
,bioekonomije” kaze da je to deo ekonomije koji koristi
napredno biolosko razumevanje u poslovne i industrij-
ske svrhe za unapredenje ljudskog blagostanja [4]. Pre-
ma projektu Bioekonomija Organizacije za ekonomsku
saradnju i razvoj, do 2030. godine biotehnologija kao
deo bioekonomije se opisuje kao ,svet u kome bioteh-
nologija daje znacajan doprinos ekonomskom outpu-
tu’, sa fokusom na koris¢enje biotehnologije za gene-
risanje ekonomskog rasta [5]. Danasnja bioekonomija
se smatra ,biokapitalizmom” [6]. Resursi bioekonomije
se upravljaju tako da zamene proizvode dobijene iz ne-
obnoviljivih izvora (npr. fosilnih goriva) sa proizvodima
dobijenim iz obnovljivih izvora, kao $to su oni koji se uz-
gajaju (npr. biogorivo) [4]. Reproduktivna bioekonomija
obuhvata nacin na koji reproduktivna tkiva, ¢elije, uslu-
ge donacije, korisnici i radnici postaju deo globalnog bi-
okapitalizma. Reproduktivni organi, jajne ¢elije, sperma-
tozoidi, embrioni i materice uklju¢uju reproduktivni rad
u komercijalizaciji jajnih celija, sperme, dobavljaca tkiva
i surogat majki, a trziSni akteri podsti¢u komercijalizaciju
i nadoknadu za davaoce [7]. Strateski cilj reproduktivne
bioekonomije je prosirenje spektra proizvoda uzgaja-
nih in vitro - od proizvodnje reproduktivnih celija [8]
do novih tehnologija inZenjeringa tkiva za proizvodnju
materice iz maticnih celija [9]. Razvijaju se strategije za
tehnoloski napredak regenerativne medicine u oblasti
biologije mati¢nih celija koje mogu generisati zdravlje
i bogatstvo, primenjujudi inZzenjersku tehnologiju i pri-
rodne nauke. Celije se generi$u de novo i imaju potenci-
jal i sposobnost da regeneriSu i zamene ostecena tkiva
usled starosti, bolesti, traume ili urodenih mana [10].

Za medicinski tretman koji ukljuc¢uje donaciju re-
produktivnih ¢elija, trenutni resursi reproduktivne bio-
ekonomije su neobnovljivi i oslanjaju se na ogranicenu

INTRODUCTION

According to the Organisation for Economic Co-oper-
ation and Development (OECD) report [1], the repro-
ductive bioeconomy is becoming more significant in
improving population health. It encompasses the appli-
cation of biotechnological innovations in reproductive
health, leading to improved quality of healthcare and
increased success in reproductive medicine. Along with
the development of the reproductive bioeconomy, pub-
lic health policies must be adapted to ensure its avail-
ability and ethical implementation. Global demograph-
ics indicate an aging population and a decline in birth
rates in some countries [2]. For the sustainable develop-
ment of society, innovative approaches are necessary
for key areas such as the reproductive bioeconomy [1].

The bioeconomy combines biotechnology and nat-
ural biological sciences, and biological materials and
products offer an opportunity for sustainable economic
growth [3]. The definition of “Bioeconomy” says that it is
part of the economy that uses advanced biological under-
standing for business and industrial purposes to develop
human well-being [4]. According to the Bioeconomy proj-
ect of the Organization for Economic Co-operation and
Development, until 2030, biotechnology as a bioecono-
my is described as “a world where biotechnology supply
with a significant contribution to the economic output,’
focusing attention on the use of biotechnology to gener-
ate economic growth [5]. Today's bioeconomy is consid-
ered “biocapitalism” [6]. The resources of the bioeconomy
are managed to replace products obtained from non-re-
newable sources (e.g., fossil fuels) with products derived
from renewable sources, such as those grown (e.g., biofu-
el) [4]. The reproductive bioeconomy encompasses how
reproductive tissues, cells, donation services, customers,
and workers become part of global biocapitalism. Re-
productive organs, eggs, sperm, embryos, and wombs
involve reproductive labour in the commercialisation of
eggs, sperm, tissue suppliers, and surrogate mothers, and
market supporters encourage commercialisation and
compensation to suppliers [7]. The strategic goal of the
reproductive bioeconomy is to expand the range of prod-
ucts grown in vitro from the production of reproductive
cells [8] to new tissue engineering technologies for the
production of the uterus from stem cells [9]. Strategies
are being developed for the technological advancement
of regenerative medicine in the area of stem cell biology
that can generate health and wealth that applies engi-
neering technology and natural sciences, cells are gen-
erated de novo and have the potential and ability to re-
generate and replace damaged tissues damaged by age,
disease or trauma, or birth defects [10].

For reproductive medical treatment involving re-
productive cell donation, the current resources of the
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ponudu donatora (donora reproduktivnih ¢elija) kao
dobavljaca bioproizvoda [11]. Tretman ukljucuje speci-
ficne skupove (fenotipskih karakteristika) koji predstav-
liaju resurse reproduktivnih bioekonomija u zemljama
poput Spanije, Greke, Ceske i Danske, a na¢in na koji
funkcionise uparivanje pacijenata i donora oblikuje pa-
cijente kao potrosace izbora, dok uparivanje ima kljuc-
nu ulogu u marketingu, pa se bazeni reproduktivnih
Celija tretiraju kao konkurentski proizvodi u reproduk-
tivnoj bioekonomiji, iako reproduktivni zakoni insistira-
ju da se nabavka reproduktivnih celija zasniva na altru-
istickoj donaciji sa malom finansijskom nadoknadom
u vidu ekonomske kompenzacije do maksimalno 1000
evra, $to je iznos dovoljan da se izbegne komercijali-
zacija transakcije [5]. Banke smrznutih reproduktivnih
Celija se globalno 3ire slanjem setova celija Sirom sveta
u kriogenim kontejnerima, $to je dovelo do Sirenja tr-
zista. Kao rezultat toga, banke povecavaju svoje zalihe
donatora sa specifi¢nim fenotipovima kako bi zadovo-
ljile potrebe transnacionalne industrije plodnosti [11].
TrziSte plodnosti je vredna industrija koja se procenjuje
na vise milijardi dolara ili nekoliko miliona evra i uklju-
Cuje donaciju gameta/embriona i surogat materinstvo
[12]. Industrija plodnosti Danske generise stotine mili-
ona dolara [13]. Svaka zemlja ima zakonske regulative
koje definisu postupak koris¢enja resursa reproduktiv-
ne bioekonomije, ali ti zakoni ne diktiraju ve¢ oblikuju
transnacionalnu industriju plodnosti [14].

Regulisanje bioetickih dilema, reproduktivnih pra-
va i roditeljstva, koje zavise od nacionalnih pravnih
okvira i kulturnih specifi¢cnosti, pruza uvid u eticke i
normativne izazove u ovoj oblasti [15].

Propisi koji se odnose na nabavku i upotrebu repro-
duktivnih celija razlikuju se od zemlje do zemlje. Te ra-
zlike su dovele do ideje o proceni snaga i slabosti trzista
reproduktivne bioekonomije, posebno u vezi sa korisée-
njem neobnovljivih donorskih reproduktivnih celija.

Cilj ove studije bio je da se sprovede sistematski pre-
gled postojece literature u vezi sa snagama, slabostima,
mogucnostima i pretnjama trenutnog trzista reproduk-
tivne bioekonomije i da se izvrSi SWOT analiza koja omo-
gucava formulisanje strateskih smernica za dalji razvoj.

METODE
Strategija pretrage

Istrazivanje i pregled literature sprovedeni su u periodu
od januara do aprila 2024. godine. Pretraga je obuhvati-
la recenzirane ¢lanke objavljene na engleskom jeziku u
akademskim c¢asopisima, na osnovu kojih je formirana
konacna referentna lista. Pregled akademskih i nauc¢nih
radova vrsen je putem Google Scholar platforme, sa
ciljem identifikacije Sto veceg broja recenziranih publi-
kacija objavljenih u stru¢nim ¢asopisima. Dodatne baze

reproductive bioeconomy are non-renewable, relying
on a limited supply of donors (reproductive cell do-
nors) as suppliers of bioproducts [11]. The treatment
involves specific sets (of phenotypic characteristics)
that represent the resources of reproductive bioecono-
mies in countries like Spain, Greece, the Czech Republic
and Denmark, and how patient-donor matching works
shapes patients as consumers of choice and how match-
ing plays a key role in marketing so pools of reproduc-
tive cells are given the role of competing products in
the reproductive bioeconomy, although reproductive
laws insist that the procurement of reproductive cells
is based on an altruistic donation with a small financial
compensation in the form of economic compensation of
a maximum of 1000 euros, which is a sum sufficient to
avoid the commercialization of the transaction [5]. Fro-
zen reproductive cell cryobanks are expanding globally
by shipping sets of reproductive cells around the world
in cryogenic containers, which has led to an expanding
market. As a result, banks are increasing their reserves of
donors with specific phenotypes to meet the needs of
the transnational fertility industry [11]. The fertility mar-
ket is a valuable industry estimated to be worth billions
of dollars or several million euros and includes gamete/
embryo donation and gestational surrogacy [12]. Den-
mark’s fertility industry generates hundreds of millions
of dollars [13]. Every country has legal regulations that
define the procedure for using the resources of the re-
productive bioeconomy, and these laws do not dictate
butinstead shape the transnational fertility industry [14].

The regulation of bioethical dilemmas, reproductive
rights, and parenthood, which depend on national legal
frameworks and cultural specificities, provides insights
into the ethical and normative challengesin this area [15].

Regulations regarding the procurement and use
of reproductive cells vary from country to country.
These differences have led to the idea of assessing the
strengths and weaknesses of the reproductive bio-
economy market, particularly in relation to the use of
non-renewable donor reproductive cells.

This study aimed to conduct a systematic review of
the existing literature regarding the strengths, weak-
nesses, opportunities, and threats of the current re-
productive bioeconomy market, and to undertake a
SWOT analysis that enables the formulation of strate-
gic guidelines for further development.

METHODS
Search strategy

The research and literature review were conducted from
Januaryto April 2024.The searchincluded peer-reviewed
articles published in English in academic journals, based
on which the final reference list was generated. A review
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podataka koje su koris¢ene uklju¢uju PubMed, Sprin-
ger i Elsevier. Koris¢en je sledeci niz klju¢nih reci za pre-
tragu: SWOT analiza ILI bioekonomsko trziste | donacija
reproduktivnih celija ILI donacija gameta ILI donacija
jajnih celija ILI donacija sperme | (biomedicinski inze-
njering ILI biotehnologija proizvodnje gameta in vitro
ILI kriobiologija gameta ILI banke gameta ILI prekogra-
ni¢na reproduktivna zastita (CBRC) ILI transnacionalna
donacija gameta | odlaganje roditeljstva ILI uticaj kari-
jere na reprodukciju ILI jedan donor donira u vise bana-
ka ILI netradicionalna porodica ILI altruizam ILI repro-
duktivni rad ILI bioetika u donaciji reproduktivnih ¢elija.

Kriterijumi za selekciju

Kriterijumi za ukljucivanje bili su publikacije koje su u
svom tekstu sadrzale opis klju¢nih pojmova i njihova
objasnjenja, koja bi mogla doprineti njihovom uklju-
¢ivanju u SWOT analizu (snage, slabosti, mogucnosti,
pretnje). Kriterijumi za iskljucenje su bili sledeci: po da-
tumu objavljivanja — publikacije starije od 2017. godi-
ne su iskljucene, kao i one koje nisu pruzale jasniji uvid
u navedene snage, slabosti, mogucnosti i pretnje.

U skladu sa PRISMA smernicama [16] i pregledom
PRISMA dijagrama toka (Slika 1), selekcija literature
sprovedena je tako 5to su najpre analizirani naslovi. Za
izvucene naslove izvrSena je selekcija sazetaka svakog
rada, nakon ¢ega je procenjeno da li je sadrzaj ¢lanka
relevantan ili koristan za sistematski pregled. Ova pre-
traga je rezultirala analizom 208 naslova ¢lanaka, od

of academic and scientific works was conducted using
Google Scholar to identify as many peer-reviewed publi-
cations as possible, published in academic journals. Ad-
ditional database sources consulted included PubMed,
Springer, and Elsevier. The following search string was
used: SWOT analysis OR bioeconomic market AND do-
nating reproductive cells OR gamete donation OR oo-
cyte donation OR sperm donation AND (biomedical en-
gineering OR in vitro gamete production biotechnology
OR gamete cryobiology OR gamete banks OR cross-bor-
der reproductive care (CBRC) OR Transnational gamete
donation AND parenthood delay OR career impact on
reproduction OR one donor donates to several banks OR
non-traditional family OR altruism OR reproductive work
OR bioethics in donating reproductive cells.

Selection criteria

The criteria for inclusion were publications that con-
tained in their text a description of keywords and their
explanations that could help to include them in the
SWOT analysis (strengths, weaknesses, opportunities,
threats). The exclusion criteria were as follows: by pub-
lication date, publications older than 2017 were ex-
cluded, and those that could not give a clearer picture
of the mentioned strengths, weaknesses, opportuni-
ties, and threats were excluded.

Following the PRISMA guide [16] and by reviewing
the PRISMA flow diagram (Figure 1), we conducted the
literature selection by initially analyzing the titles. For

Identifikacija studija putem baza podataka i registara/ Identification of studies via databases and registers

kombinovanjem komponenti kljucnih reci /

components of keywords
(n=208)

!

Selekcija naslova clanaka i sazetaka radova: /
Screened article titles and the summaries of record:
(n=62)

l

Identifikacija /
Identification

Screening /
Screening

Reports assessed for eligibility
(n=47)

l

Studije ukljucene u pregled
/ Studies included in the review
(n=42)

Ukljuceno /
Included

Slika 1. llustrovani PRISMA dijagram toka izbora studija prema PRISMA vodicu
[16]

Article titles identified from Databases Google Scholar combining

Izvestaji procenjeni za ispunjavanje kriterijuma podobnosti /

Naslovi ¢lanaka identifikovani iz baza podataka Google Scholar

—5 Naslovi clanaka uklonjeni pre faze selekcije (n = 146) /
Article titles removed before the screening (n = 146)

Clani i sazeci radova iskljuceni: (n = 15) /

e Article and the summatries of records excluded:
(n=15)
lzvestaji iskljuceni: duplikati (n=5) /

Reports excluded: duplication (n=5)

Figure 1. lllustrated PRISMA flow diagram of study selection in accordance with
the PRISMA guide [16]
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kojih je 62 odabrano na osnovu naslova. Dodatnih 15
¢lanaka je isklju¢eno jer nisu sadrzali podatke znacajne
za SWOT analizu i nisu nudili relevantne uvide u kljuc-
ne aspekte programa donacije gameta i njihov uticaj
na reproduktivnu medicinu. Takode, uklonjeno je i pet
duplikata. Na kraju, 42 ¢lanka su ispunila kriterijume
selekcije i ¢ine osnovu ovog rada.

Kvalitativna analiza

Ova studija sprovela je kvalitativnu analizu sadrzaja li-
terature kako bi identifikovala faktore koji potencijalno
podsticu rast i predstavljaju izazove za razvoj reproduk-
tivne bioekonomije. U istrazivanju je koris¢ena SWOT
analiza kao metodoloski okvir za organizaciju i tumace-
nje kvalitativnih podataka. SWOT analiza pomaze u iden-
tifikaciji snaga, slabosti, mogucnosti i pretnji unutar re-
produktivne bioekonomije, nudedi strukturiran pristup
za razumevanje potencijala i izazova u ovoj oblasti. Ova
metoda je korisna za sintezu podataka iz nau¢nih izvora,
jer omogucava integraciju slozenih informacija i njihovu
primenu u strateSkom planiranju i razvoju sektora.

Uspostavljena je kategorizacija na pokretace rasta
i izazove. Faktori koji su klasifikovani kao pokretaci ra-
sta obuhvataju sve aspekte koji pozitivno doprinose
razvoju reproduktivne bioekonomije, dok faktori klasi-
fikovani kao izazovi obuhvataju prepreke i rizike.

Prvi autor je sproveo pregled naslova, analizu i
sintezu ¢lanaka navedenih u referencama. Prvi autor
je procitao pune tekstove 42 ¢lanka i razvrstao ih po
SWOT tabelama. Delovi teksta ¢lanaka koji su se bavili
pitanjima snaga, slabosti, mogucénosti i pretnji analizi-
rani su prema uputstvima o tome zasto pripadaju odre-
denoj tabeli i obelezeni simbolom +. Drugi i tredi autor
su pregledalii proverili sve prikupljene radove. Okvir za
pretragu informacija kreiran je na osnovu SWOT ana-
liza, pri cemu su informacije iz svakog rada izvlacene
i predstavljene u diskusiji od strane prvog autora, uz
sugestije drugog i tre¢eg autora.

REZULTATI

Rezultati istrazivanja prikazani su kroz Cetiri segmen-
ta SWOT analize, koris¢enjem relevantnih referenci iz
literature:
1. Snage:
« Razvoj novih biotehnologija i metoda kriopre-
zervacije.
« Povecana dostupnost bioekonomskih proizvoda
putem biobanaka.
« Odlaganje roditeljstva do kasnijeg zivotnog
doba, sa medicinskim i drustvenim posledicama.
2. Slabosti:
+ Visoki troskovi i tehnicka ogranicenja krioprezer-
vacije.

the extracted titles, a screening of each record’s sum-
mary was performed, after which it was determined
whether the article’s content would be relevant or help-
ful for a systematic review. This search resulted in an
analysis of 208 article titles, from which 62 were select-
ed based on their titles. An additional 15 articles were
excluded because they did not contain data significant
for the SWOT analysis and lacked relevant insights into
the key aspects of donor gamete programs and their
impact on reproductive medicine. Five duplicates were
also removed. Consequently, 42 articles met the selec-
tion criteria, forming the basis of this paper.

Qualitative Analysis

This study conducted a qualitative content analysis of
literature to identify factors that potentially promoted
growth and posed challenges to the development of
the reproductive bioeconomy. This research employed
a SWOT analysis as a methodological framework for
organizing and interpreting qualitative data. The
SWOT analysis helps to identify strengths, weakness-
es, opportunities, and threats within the reproductive
bioeconomy, offering a structured approach to under-
standing the potential and challenges in this area. This
method is beneficial for synthesising data from scien-
tific references, as it allows for the integration of com-
plex information and its application in strategic plan-
ning and development of the sector.

A categorization into growth drivers and challenges
has been established. Factors classified as growth drivers
include all aspects that positively contribute to the de-
velopment of the reproductive bioeconomy, while fac-
tors classified as challenges involve obstacles and risks.

The first author did the title review, analysis, and
synthesis of the articles listed in the references. The first
author read the full texts of 42 articles and divided and
grouped the titles into SWOT tables. The parts of the
article text that addressed the questions on strengths,
weaknesses, opportunities, and threats were examined
based on the instructions on why they belonged in
the given table and were assigned the symbol +. The
second and third authors reviewed and cross-checked
the texts of all retrieved papers. The information search
framework was created based on SWOT analyses, re-
quiring the extraction of information from each paper
and its presentation in the discussion by the first author,
with suggestions from the second and third authors.

RESULTS

The results of the research are presented through four
segments of SWOT analysis, using relevant references
from the literature:

SERBIAN JOURNAL OF THE MEeDICAL CHAMBER | Volume 6 /No. 2 | June 2025

181



Dordevic¢B. i sar.

SNAGE I SLABOSTI REPRODUKTIVNOG BIOEKONOMSKOG TRZISTA: UVIDI IZ PREGLEDA LITERATURE

STRENGTHS AND WEAKNESSES OF THE REPRODUCTIVE BIOECONOMY MARKET. INSIGHTS FROM THE LITERATURE REVIEW

3. Mogucénosti:
« Implementacija transnacionalnih programa kao
$to su CBRC i TGD.
« Aktivno ucesce potrosaca na trzistu reproduktiv-
ne bioekonomije.
4. Pretnje:
« Etnicka pitanja, komercijalizacija reproduktivnih
usluga i nepoznati dugorocni efekti novih teh-
nologija.

Svaka od tabela u prilogu pokriva specifi¢ne aspek-
te reproduktivne bioekonomije. Snage (Tabela 1): Ova
tabela pruza pregled referenci koje isticu snage repro-

Tabela 1. Studije ukljucene u sistematski pregled (Snage)

1. Strengths:
« Development of new biotechnologies and cryo-
preservation methods.
+ Increased availability of bioeconomic products
through biobanks.
- Delaying parenthood until later in life, with medi-
cal and social consequences.
2. Weaknesses:
« High costs and technical limitations of cryopres-
ervation.
3. Opportunities:
- Implementation of transnational programs such as
CBRC and TGD.

Table 1. Studies included in the systematic review (Strengths)

Razvoj biomedicinskih inZenjerskih teh-
nologija za reproduktivnu medicinu [18] /
Developing biomedical engineering technolo-
gies for reproductive medicine [18]

Stvaranje vestackih gameta i embriona iz
maticnih celija u reproduktivnoj medicine [22]/
Generation of artificial gamete and embryo
from stem cells in reproductive medicine [22]
Napredni bioinzenjering maticnih elija muskih
zametnih celija za ocuvanje plodnosti [23] /
Advanced bioengineering of male germ stem
cells to preserve fertility [23]

Kriopolitika reprodukcije na ledu: Nova
skandinavska ledena epoha [13] /

The cryopolitics of reproduction on ice: A new
Scandinavian ice age [13]

Pregled krioprezervacije ljudskih jajnih

Celija u programima asistirane reprodukcije:
Trenutni izazovi i mogucnosti /

Review of human oocyte cryopreservation

in ART programs: Current challenges and
opportunities [24]

Jajkonomija: Vitrifikacija i bioekonomije
donacije jajnih celija u Sjedinjenim Amer- Med

6 ickim Drzavamai Spaniji/ 2023 Anthropol +
Eggonomics: Vitrification and bioeconomies of Q

egg donation in the United States and Spain [11]
Reprodukovanje beline i uspostavijanje srodstva
u nordijskom kontekstu transnacionalne donaci-
jejajnih celija: Uskladivanje donorki sa primaoci-
ma koji putuju preko granica u Finskoj[12] /
Reproducing whiteness and enacting kin

in the Nordic context of transnational egg
donation: Matching donors with cross-border
traveller recipients in Finland [12]

Prilagodavanje kriobioloskih tehnika socijal-

no i ekonomski ugrozenim populacijama -

Deo 1: Strategije kriogene prezervacije [25] /

Translation of cryobiological techniques to so-

cially economically deprived populations-Part

1: Cryogenic preservation strategies [25]

Krioprezervacija jajnih celija i ovarijalnog

tkiva u evropskim zemljama: zakonski okvir,

praksa, skladistenje i upotreba [26] / Hum Reprod
S . 2017

Oocyte and ovarian tissue cryopreservation Open.

in Europeancountries: statutory background,

practice, storage and use [26]

2022 Smart Med. +

Front Bioeng
Biotechnol.

2020

2021 JTissue Eng. +

Emerald
2019 Publishing +
Limited;

2023 Cryobiology +

2018  SocSci Med. +

Journal of
2020 Medical +
Devices.
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duktivne bioekonomije, ukljucujuci razvoj novih bio-

tehnologija, napredak u biomedicinskom inzenjeringu tive bioeconomy market.
i inovacije u krioprezervaciji.

Moguc¢nosti (Tabela 2): Tabela prikazuje mogucno-
stiidentifikovane u literaturi, kao 5to su Sirenje primene

4. Threats:

bioekonomskih reSenja, razvoj odrzivih biotehnologija new technologies.
i unapredenje medunarodne saradnje u ovoj oblasti.

Tabela 2. Studije ukljucene u sistematski pregled (Mogucnosti)

10

n

12

13

Prekogranicna reproduktivna zastita (CBRC): rastuci
globalni fenomen sa viSedimenzionalnim implikacija-
ma (sistematski i kriticki pregled) /

Cross border reproductive care (CBRC): a growing glo-
bal phenomenon with multidimensional implications
(a systematic and critical review) [27]

Odrzivi pristupi medicinskom turizmu: Strategije za
Centralnu Makedoniju / Greku /

Sustainable approaches to medical tourism: Strategies
for Central Macedonia/Greece. Sustainability [28]

Globalizovane potrage za asistiranim zacecem: Reproduktiv-
na putovanja zbog neplodnostii nevoljne bezdetnosti[29] /
Globalised quests for assisted conception: Reproductive
travel for infertility and involuntary childlessness [29]
Spanski pravni reproduktivni pejzaz: Stvaranje bio-in-
dustrije [30]/

Spanish legal reproscape: The making of a bio-industry [30]
Visestruke mobilnosti u industriji plodnosti u Meksiku [31] /
Multiple mobilities in Mexico's fertility industry [31]
Bioekonomije: Zivot, tehnologija i kapital u 21. Veku [5]/
Bioeconomies: Life, Technology, and Capital in the 21st
Century [5]

Procvat biznisa sa bebama: Ekonomske geografije
asistirane reprodukdije [32] /

The baby business booms: Economic geographies of
assisted reproduction [32]

,Dve zemlje — dve laboratorije”: Program transnacionalne
donacije gameta (TGD) za podrSku donaijijajnih celija [33]/
‘Two countries-two labs': the transnational gamete
donation (TGD) programme to support egg donation

Pregled krioprezervacije ljudskih jajnih celija u pro-
gramima asistirane reprodukdije: Trenutni izazovi i
mogucnosti [34] /

Review of human oocyte cryopreservation in ART
programs: Current challenges and opportunities [34]

Transakdije jajnih Celija preko granica u postsovjetskom
prostoru [10]/

Transacting oocytes across borders in the post-Soviet
space [35]

Kriopolitika reprodukcije na ledu: Nova skandinavska
ledena epoha [13]/

The cryopolitics of reproduction on ice: A new Scandi-
navian ice age [13]

Lelelabih da joj platim": Izazivanje altruisticke razmene
jajnih celija u Kanadi kroz moralne mozaike [37]/

“ would want to pay her”: Challenging altruistic egg
exchanges in Canada through moral patchworks [37]

Karakteristike i namere heteroseksualnih parova koji
ukljucuju transrodnog muskarca koji ceka donaciju
sperme za zacece deteta [38] /

Characteristics and intentions of heterosexual couples
comprising a transgender man awaiting sperm donati-
on to conceive a child [38]

2018

2023

2019

2021

2019

2017

2018

2020

2023

2022

2019

2021

2021

Table 2. Studies included in the systematic review (Opportunities)

J Assist Re-

prod Genet. + +
Sustainability + +
Glob Public n n
Health.
Law, Tech. &
+ +
Hum.
Mobilities. + +
Book + + +
Geogr Com-
+ +
pass.
Journal of
Assisted + +
Reproduction
and Genetics
Cryobiology + I
Cult Anthro-
+ +
pol.
Emerald
Publishing + 4
Limite
Soc Sci Med. + +
Andrology + A

Dordevi¢B. et al.

« Active participation of consumers in the reproduc-

- Ethical issues, commercialization of reproductive
services, and the unknown long-term effects of
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Tabela 3. Studije ukljucene u sistematski pregled (slabosti) Table 3. Studies included in the systematic review (Weaknesses)

Vitrifikacija oocita za elektivno ocuvanje plodnosti:
) Reprod
SWOT analiza [39] / -
1 P . i . 2022 Biomed +
Oocyte vitrification for elective fertility preservation: Online
a SWOT analysis [39]
Odlaganje majcinstva: Razlozi, determinante, vieme
potrebno za postizanje trudnoce i nivo anksioznosti kod
2 majki[40]/ 2019 PLoSOne. +
The delay of motherhood: Reasons, determinants, time
usedto achieve pregnancy, and maternal anxiety level [40]
Preporuke za dobru praksu u pruzanju informacija
onima koji su ukljuceni u reproduktivnu donaciju [41]/ Human
3 . ) ) } 2022 Reproducti- + +
Good practice recommendations for information provi- iy
sion for those involved in reproductive donation [41] P
Sperma na koju moZete raunati: Predlog saveznog
regulatornog okvira za povecanje zastite potrosaca u
industriji donacije sperme[42] /
4 Sperm you can bank on: A proposed federal requlatory 200 Book + +
scheme to increase consumer protection in the sperm
donation industry [42]
,Meati ili slagati?”: Transnacionalna industrija
5 plodnosti i pozeljnost belaca [14] / 2021 Med Anthro- . .
Mix or Match?" Transnational fertility industry and pol.
white desirability [14]
Pravni pejzaz reprodukcije u Spaniji: Stvaranje bio-in-
6 dustrie[30] 2021 Lavﬁl‘:h'& + +
Spanish legal reproscape: The making of a bio-industry [30] ’
Emocije, otelotvorenje i reproduktivni kolonijalizam
7 u globalnoj trgovini ljudskim jajnim celijama [43] / 2001 Gend Work . .
Emotion, embodiment, and reproductive colonialism Organ.
in the global human egg trade [43]
SWOT analiza neregulisane donacije sperme [44] / Reprod
8 A SWOT analysis of unregulated sperm donation [44] 2023 %?]mfg + +
Kreativno postajanje porodicom u klinici za plodnost?
Uparivanje donora sa neheteroseksualnim i samostal-
nim primaocima u komercijalnoj zastiti. U: Kreativne Springer
porodice: Rod i tehnologije svakodnevnog Zivota [45] / P g
9 ) : o L0 2021  International + +
(reatively becoming a family in the fertility clinic? Matc- .
. ) ; L Publishing;
hing donors with non-heterosexual and single recipients
in commercial care. In: Creative Families: Gender and
Technologies of Everyday Life [45]
Roditeljstvo uz pomoc tehnologije i moderne porod-
ice u21. veku. U: Moderne veze: Romansa, prijateljstvo
iporodicau 21. veku [46] /
10 Technology-Assisted Parenthood and Modern Families 2024 Book + +
inthe 21st Century. In: Modern Relationships: Roman-
ce, friendship, and Family in the 21st Century [46]
U: Sloboda nau¢nog istrazivanja [47] /
. : o Manchester
Reproductive technologies and the family in the -
1" S 2020  University + +
twenty-first century. In: The freedom of scientific )
Press;
research [47]
,Dve zemlje — dve laboratorije”: Transnacionalni Journal of
program donacije gameta (TGD) za podrsku donadiji Assisted
12 jajnih celija [33]/ 2020 Reprodu- + +
‘Two countries-two labs’: the transnational gamete do- ction and
nation (TGD) programme to support egg donation [33] Genetics.
Krioprezervacija oocita — trenutna situacija i
buduce perspektive: narativni pregled [48] / JHum
13 . . 2021 . A ar
Oocyte cryopreservation-current scenario and future Reprod Sci
perspectives: a narrative review [48]
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Tabela 4. Studije ukljucene u sistematski pregled (pretnje)

10

n

12

13

14

15

,Dve zemlje — dve laboratorije”: Transnacionalni program donaci-
je gameta (TGD) za podrsku donaciji jajnih celija [33] /

‘Two countries-two labs”: the transnational gamete donation (TGD)
programme to support eqg donation [33]

Pregled krioprezervacije ljudskih oocita u programima asistirane
reprodukdije: Trenutni izazovi i mogucnosti [34] /

Review of human oocyte cryopreservation in ART programs: Current
challenges and opportunities [34]

Upravljanje krioskadistenjem reproduktivnih celija i tkiva u
asistiranoj reprodukiji: stanje, potrebe, mogucnosti i potencijalni
novi izazovi [49] /

(ryostorage management of reproductive cells and tissues in ART:
status, needs, opportunities, and potential new challenges [49]

Krioprezervacija gameta i embriona i njihove molekularne
promene [50] /

(ryopreservation of gametes and embryos and their molecular chan-
ges [50]

Kriopolitika reprodukcije na ledu: Nova skandinavska ledena

doba [13]/

The cryopolitics of reproduction on ice: A new Scandinavian ice age
[13]

Ekonomske geografije asistirane reprodukdije [32] /
Economic geographies of assisted reproduction [32]

Ekonomija donacije jajnih Celija u Spaniji kao globalna/intimna
kontakt zona [51] /

The Spanish eqg donation economy as a global/intimate contact
zone[57]

0 (globalnim) lancima nege u vremenima krize: donacija jajnih
Celija i kuénirad u Spaniji [52] /

On (global) care chains in times of crisis: egg donation and domestic
work in Spain [52]

Da li banka gameta treba da verifikuje nemedicinske informacije
koje pruza donor? [53] /

Should a gamete bank verify the non-medical information provided
by adonor? [53]

Preporuke za dobru praksu u pruZanju informacija onima koji su
ukljuceni u reproduktivnu donaciju [41] /

Good practice recommendations for information provision for those
involved in reproductive donation [41]

Razvijajuca etika donacije sperme[54] /
The evolving ethics of sperm donation [54]

Pravo deteta da zna naspram prava roditelja da ne kaZu: Stavovi
parova koji se podvrgavaju tretmanima plodnosti prema donaciji
gameta sa otkrivanjem identiteta [55] /

The child’s right to know versus the parents’ right not to tell: The atti-
tudes of couples undergoing fertility treatments towards identity-re-
lease gamete donation [55]

Pravo na zaborav naspram prava na otkrivanje identiteta donora
gameta: eticki i pravni aspekti [56] /

The right to be forgotten versus the right to disclosure of gamete do-
nors’ ID: ethical and legal considerations [56]

Anonimna donacija gameta i ¢lan 8. Evropske konvencije o ljud-
skim pravima: Argument za nespojivost [57] /

Anonymous gamete donation and Article 8 of the European Conven-
tion on Human Rights: The case for incompatibility [57]

Etika banke oocita za asistiranu reprodukciju uz pomoc trece
strane: sistematski pregled [58] /

Ethics of oocyte banking for third-party assisted reproduction: a sys-
tematic review [58]

2020

2023

2023

2021

2019

2018

2022

2020

2024

2022

2022

2023

2021

2022

2018

Journal of
Assisted
Reproduction
and Genetics

Cryobiology

Reproductive
BioMedicine
Online

Int J Mol Sci.

Emerald
Publishing
Limited;

Geogr Com-
pass.

Documents
d’Analisi
Geografica.

Tapuya: Latin
Am Sci Technol
Soc.

Hum Reprod.

Human Repro-
duction Open

Johns Hopkins
University

JReprod
Infertil.

Acta Bioet-
hica.

Med Law Int.

Hum Reprod
Update.

Table 4. Studies included in the systematic review (Threats)
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Slabosti (Tabela 3): Ova tabela navodi slabosti iden-
tifikovane kroz pregled literature, kao sto su tehnicki,
finansijski i regulatorni izazovi. Ove prepreke ukazuju
na potrebu za dodatnim istrazivanjima kako bi se po-
stojece barijere prevazisle.

Pretnje (Tabela 4): Tabela prikazuje pretnje identi-
fikovane analizom literature, ukljucujudi rizike vezane
za eti¢ka pitanja, regulatorna ogranicenja i nedostatak
finansijskih sredstava.

Faktori rasta korisni za razvoj trzista ukljucuju ino-
vacije, tehnoloski napredak, povecanu potraznju i
nove mogucnosti poput krioprezervacije, bioekonom-
skih proizvoda dostupnih putem biobanaka i odlaga-
nje roditeljstva za kasnije zivotno doba. Ovi pokretaci
stvaraju nove trziSne mogucnosti, kao $to su programi
prekograni¢ne reproduktivne zastite (CRC) i transnaci-
onalne donacije gameta (TGD). Aktivno ucesce potro-
$aca na trzistu reproduktivne bioekonomije omogu-
¢ava bolji pristup savremenim resenjima i doprinosi
globalnoj povezanosti u ovoj oblasti.

S druge strane, izazovi na trzistu ukljucuju prepre-
ke, regulatorna ogranicenja, eticke dileme, visoke tros-
kove i druge faktore koji mogu usporiti rast ili otezati
odrZzavanje trzista, kao i regulisanje broja porodica po
donoru, $to zahteva stroge zakonske okvire (Slika 2).
Takode, visoki troskovi i tehni¢ka ogranicenja kriopre-
zervacije, uz slozenost formiranja savremenih porodi-
ca, predstavljaju znacajne izazove koji ometaju Siru pri-
menu ovih tehnologija. Potencijalne pretnje ukljucuju
nepoznate dugorocne posledice, bioeticke dileme, ri-
zik da reproduktivne usluge postanu iskljucivo komer-
cijalizovane i narusavanje altruistickih principa u ovoj
oblasti.

Each of the tables in the appendix covers specific
aspects of the reproductive bioeconomy. Strengths
(Table 1): This table provides an overview of references
that highlight the strengths of the reproductive bio-
economy, including the development of new biotech-
nologies, advancements in biomedical engineering,
and innovations in cryopreservation.

Opportunities (Table 2): Table 3 focuses on oppor-
tunities identified in the literature, such as expanding
the application of bioeconomic solutions, the devel-
opment of sustainable biotechnologies, and the en-
hancement of international cooperation in this area.

Weaknesses (Table 3): This table lists the weakness-
es identified through the literature review, such as
technical, financial, and regulatory challenges. These
obstacles indicate the need for further research to
overcome existing barriers.

Threats (Table 4): Table 4 provides an overview of
the literature, in which threats were identified through
analysis, including risks associated with ethical issues,
regulatory constraints, and inadequate financial re-
sources.

Growth factors beneficial to market development
include innovation, technological advances, increased
demand, and new opportunities such as cryopreser-
vation, bioeconomic products available through bio-
banks, and delaying parenthood to a later stage in life.
These drivers create new market opportunities, such
as cross-border reproductive care (CRC) and transna-
tional gamete donation (TGD) programs. The active
involvement of consumers in the reproductive bioeco-
nomy market allows better access to modern solutions
and contributes to global connectivity in this area.

FAKTORI RASTA
Snage:

¢ Razvoj biomedicinskog inzen-
jeringa.

+ (Odlaganje roditeljstva do kasni-
jeg Zivotnog doba.

* Razvoj novih tehnologija u
biotehnologiji — kriobiologija.

+ Biodostupnost proizvoda - krio-
banke.

Mogucénosti:

¢ Prekogranicna reproduktivna
zastita (CBRC). Program transna-
cionalne donacije gameta (TGD).

+ Nacini ueca na trZistu repro-
duktivne bioekonomije.

I1ZAZOVITRZISTA

Slabosti: Strengths:

+ Development of biomedical

Weaknesses:

* Insufficient regulation con-

* Nedovoljna regulativa u vezi
sa brojem porodica po donoru.

+ Potencijalno formiranje
slozene, netradicionalne,
savremene porodice.

* Visoki troskovi i ogranicenja
povezana sa krioprezervaci-
jom.

Pretnje:

+ Nepoznat kvalitet i buduci
rezultati

¢ Reproduktivni rad se posmatra
kao pretnja altruizmu.

+ Bioeticke dileme.

Slika 2. SWOT Analiza reproduktivne bioekonomije

engineering. cerning the number of fami-
+ Postponing parenthood to ad- lies per donor.
vanced age. ¢ The prospective formation of

* Development of new technol-
ogies in biotechnology — Cryo-

a complex, non-traditional,
modern family.

biology. ¢ High costs and limitations
+ Bioavailability of products — associated with cryopreser-
Cryobanks. vation.
Opportunities: Threats:
¢ (ross-horder reproductive care ¢ Unknown quality and future
(CBRC). Transnational Gamete results.
Donation Program (TGD). * Reproductive work is viewed
+ Types of participation in the re- as a threat to altruism.
productive bioeconomy market. ¢ Bioethical dilemmas.

Figure 2. SWOT analysis of the reproductive bioeconomy
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Ovi nalazi naglasavaju vaznost uravnotezenja ino-
vacija sa regulativama kako bi se obezbedio odrziv i
eticki razvoj reproduktivne bioekonomije.

DISKUSIJA

Pregled literature i SWOT analiza su istakli klju¢ne sna-
ge, mogucnosti, slabostii pretnje unutar reproduktivne
bioekonomije. Ovi rezultati podrzavaju sli¢ne zakljucke
iz prethodnih radova, poput studije o bioekonomiji u
Letoniji [17], koja je istakla regulatorne izazove i potre-
bu za podrskom inovacijama. Koherentnost rezultata
ukazuje na univerzalne obrasce razvoja bioekonomije.
Rezultati istrazivanja razmatraju se kroz Cetiri kljuc-
na segmenta SWOT analize, uz podrsku referenci iz re-
levantnih nauc¢nih ¢asopisa. Sledeca diskusija kriticki
ispituje ova otkrica i njihova Sira znalenja za oblast.

SNAGE

Postojanje i kontinuirani razvoj biomedicinskog inze-
njeringa, zajedno sa napretkom u biotehnologiji, po-
sebno u oblasti kriobiologije i proizvodnje vestackih
gameta, znacajno su unapredili efikasnost donatorskih
programa [19]. Primena ovih tehnologija u reproduk-
tivnoj medicini dovela je do poboljsanja tehnika kri-
oprezervacije, povecavajuci odrzivost i dugovecnost
Cuvanih reproduktivnih celija. Ovo direktno doprinosi
viSim stopama uspeha tretmana asistirane reprodukci-
jeijaca pouzdanost donatorskih programa. Dalje, inte-
gracija regenerativne biomedicine i personalizovanih
terapijskih pristupa omogucava kreiranje individuali-
zovanih strategija le¢enja [20]. Time se omogucava pre-
cizniji odabir i optimizacija reproduktivnih ¢elija, ¢ime
se poboljsavaju ishodi le¢enja pacijenata. Klinike koje
usvoje ove inovacije mogu poboljsati kvalitet svojih
usluga, nudedi pacijentima Sire moguénosti za tretman
neplodnosti. Odlaganje roditeljstva do kasnijih godina
povecava zdravstvene rizike i izazove u demografskim
trendovima. lako tehnologije reproduktivhe medicine
omogucavaju produzenje reproduktivhog potencija-
la, ogranienja ostaju izrazena kod starijih pacijenata.
Vitrifikacija jajnih celija omogucava efikasniju organi-
zaciju donatorskih programa i smanjuje liste ¢ekanja
[21]. Prednosti se prepoznaju u visokom standardu
usluge koji se postize primenom novih tehnologija u
dijagnostici, klinickoj terapiji i regenerativnoj medicini,
uklju€ujudi kulturu celija i tkiva, $to potvrduju brojni
istrazivaci [18, 22, 23]. Istrazivaci takode ukazuju da je
formiranje kriobanki, zahvaljuju¢i tehnikama vitrifika-
cije, smanijilo liste ¢ekanja i eliminisalo potrebu za sin-
hronizacijom ciklusa donora i primaoca. Postovanjem
fenotipskog podudaranja izmedu donora i pacijenata
olaksava se ispunjavanje klju¢nog aspekta jacanja veze
roditelj-dete [12, 13, 25, 26].

On the other hand, market challenges include ob-
stacles, regulatory restrictions, ethical dilemmas, high
costs, and other factors that can slow down growth or
make it difficult to sustain a market, as well as regulat-
ing the number of families per donor, which requires
strict legal frameworks (Figure 2). Moreover, the high
costs and technical limitations of cryopreservation,
along with the complexities of forming modern fami-
lies, pose significant challenges that hinder the broad-
er application of these technologies. Potential threats
include unknown long-term outcomes, bioethical di-
lemmas, the risk of reproductive services becoming
solely commercialized, and the erosion of altruistic
principles in this field.

These findings emphasize the importance of bal-
ancing innovation with regulation to ensure the sus-
tainability and ethical development of the reproduc-
tive bioeconomy.

DISCUSSION

The literature review and SWOT analysis highlighted
key strengths, opportunities, weaknesses, and threats
within the reproductive bioeconomy. These results
support similar conclusions from previous works, such
as the study on the bioeconomy in Latvia [17], which
highlighted regulatory challenges and the need for
support for innovation. The coherence of the results
points to universal patterns of bioeconomy develop-
ment.

The research results are discussed through four key
segments of the SWOT analysis, supported by referenc-
es from relevant scientific journals. The following dis-
cussion will critically examine these findings and their
broader implications for the field.

Strengths

The existence and continuous development of bio-
medical engineering, along with advancements in
biotechnology, particularly in cryobiology and artifi-
cial gamete production, have significantly improved
the efficiency of donor programs [19]. Implementing
these technologies in reproductive medicine has led to
enhanced cryopreservation techniques, increasing the
viability and longevity of stored reproductive cells. This
directly contributes to higher success rates in assisted
reproduction treatments and strengthens the reliabil-
ity of donor programs. Furthermore, the integration of
regenerative biomedicine and personalized therapy
approaches within donor programs enables tailored
treatment strategies [20]. This enables a more precise
selection and optimization of reproductive cells, ul-
timately enhancing patient outcomes. By adopting
these innovations, clinics can improve the quality of
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Mogu¢énosti

Programi transnacionalne donacije gameta (TGD) i
prekograni¢ne reproduktivne zastite (CBRC) omoguca-
vaju prevazilazenje pravnih i drustvenih ogranicenja,
&ime se 3iri dostupnost usluga [27]. Spanija, Ceska, Gré-
ka i Danska privlace korisnike zahvaljujuci povoljnim
zakonskim okvirima. Raznovrsnost tipova korisnika
koji ucestvuju na trzistu reproduktivne bioekonomije
(heteroseksualni parovi, LGBT zajednice, transrodne
osobe, samohrani roditelji) ukazuje na rastuce prihva-
tanje i prilagodavanje trzista savremenim porodicama.
Postoji znacajan trziSni potencijal za medunarodnu
ekspanziju usluga, sto potvrduju istrazivanja o sloze-
nosti industrije prekograni¢ne reproduktivne zastite,
posebno u zemljama gde postoji nedostatak donora ili
gde postoje zakonska, eti¢ka ili verska ogranicenja [27,
28, 29, 30]. Istrazivanja pokazuju i da medunarodnu ek-
spanziju trzista olakSava dobro organizovan transnaci-
onalni trgovinski sistem [33, 34, 35].

Slabosti

Nedostatak jedinstvenih propisa u vezi sa brojem po-
rodica po donoru predstavlja izazov, narocito u kontek-
stu globalizacije trzista reproduktivnih celija. Razlike u
nacionalnim standardima otezavaju pracenje donaci-
ja preko granica, ¢ime se povecava rizik od slucajnih
genetskih povezanosti medu decom zacetom dona-
cijom. Takode, neusagladeni propisi stvaraju pravnu
neizvesnost za reproduktivne banke i buducde roditelje,
potencijalno ogranicavajuci efikasnost trzista i pristup
donorskim gametima u odredenim regionima. Formi-
ranje netradicionalnih porodica donosi izazove vezane
za drustveno prihvatanje i pravnu regulaciju [36], dok
odsustvo genetske povezanosti moze izazvati psiho-
loske i socijalne prepreke.

lako bi globalizacija donatorskih praksi mogla do-
prineti Sirenju reproduktivne bioekonomije, nedosta-
tak jedinstvenih regulatornih standarda otezava pra-
¢enje ukupnog broja donacija i povezanih porodica,
$to stvara eticke i pravne prepreke daljem razvoju sek-
tora [14, 43, 44]. Moderni oblici porodica, ukljucujuci
one zasnovane na donaciji gameta, ¢esto se suocava-
ju s pravnim ogranicenjima jer tradicionalni zakonski
okviri ne prate dinami¢ne promene u tehnologijama
i drustvenim normama. Ta diskrepancija usporava ra-
zvoj trzista i ograni¢ava dostupnost usluga razlicitim
grupama korisnika [45, 46, 471.

Pretnje

Nepoznat dugorocni kvalitet i ishodi krioprezervacije
embriona, uklju¢ujuc¢i moguce epigenetske promene,
predstavljaju ozbiljne izazove za zdravstvene ishode

their services, offering patients broader opportuni-
ties for infertility treatment. Postponing parenthood
to later years increases health risks and challenges in
demographic trends. Although reproductive medicine
technologies allow for the extension of reproductive
potential, limitations remain pronounced for older pa-
tients. Oocyte vitrification allows for a more efficient or-
ganization of donor programs and reduces waiting lists
[21]. The advantages are recognized by the high stan-
dard of service achieved through new technologies in
diagnostics, clinical therapy, and regenerative med-
icine, including cell and tissue culture, as confirmed
by numerous researchers [18, 22, 23]. Researchers also
indicate that the formation of cryobanks, thanks to vit-
rification techniques, has reduced the waiting list and
eliminated the synchronisation of donor and recipient
cycles, and by respecting the phenotypic match be-
tween donors and patients, it facilitates the fulfillment
of an essential aspect of strengthening parent-child at-
tachment, as researchers believe [12, 13, 25, 26].

Opportunities

Transnational gamete donation (TGD) and cross-bor-
der reproductive care (CBRC) programs allow for over-
coming legal and social restrictions, thereby expand-
ing the availability of services [27]. Spain, the Czech
Republic, Greece, and Denmark attract users with fa-
vourable legal frameworks. The diversity of the type of
consumers participating in the reproductive bioecon-
omy market (heterosexual couples, LGBT communities,
transgender people, single parents] indicates a grow-
ing acceptance and adaptation of the market to the
needs of modern families. There is significant market
potential for expanding services internationally, as evi-
denced by research on the complexity of the cross-bor-
der reproductive care industry, particularly in countries
where there is a shortage of donors or where there are
restrictions, whether legal, ethical, or religious [27, 28,
29, 30]. Research also shows that international market
expansion is facilitated by a well-organized transna-
tional trade system [33, 34, 35].

Weaknesses

The lack of uniform regulations for the number of fam-
ilies per donor poses a challenge, particularly in the
context of the globalisation of the reproductive cell
market. Variations in national standards make it difficult
to track donations across borders, increasing the risk
of accidental genetic connections among donor-con-
ceived individuals. Furthermore, inconsistent regula-
tions create legal uncertainties for both reproductive
banks and intended parents, potentially limiting mar-
ket efficiency and access to donor gametes in certain
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dece zacete ovim tehnologijama, koji nisu dovoljno
istrazeni. Bioeticke dileme, poput anonimnosti donora
i prava dece da znaju svoje genetsko poreklo, i dalje
su neresena pitanja u mnogim kontekstima. Komerci-
jalizacija reproduktivnog rada ugrozava principe altru-
izma i potencijalno doprinosi eksploataciji ekonomski
ranjivih osoba. Nepoznata bezbednost i kvalitet krio-
prezervisanih ¢elija, uz moguce epigenetske promene
koje mogu uticati na razvoj embriona [32, 33, 49, 50],
predstavljaju znacajnu pretnju rastu trzista reproduk-
tivne bioekonomije. Takode, komercijalizacija donacije
reproduktivnih organa i ekonomski motivisano ucesce
donora [51, 52, 53] izazivaju eticke izazove koji mogu
dovesti do regulatornih ogranicenja i smanjenja pove-
renja pacijenata. Bioeticke dileme, poput anonimno-
sti donora i psiholoskih posledica po potomstvo [54],
dodatno komplikuju percepciju javnosti i potencijalno
ogranicavaju razvoj trzista.

Ova studija mozda nije u potpunosti sveobuhvat-
na, jer je obuhvatila samo radove objavljene na engle-
skom jeziku. Kako je ovo oblast u razvoju, moguce je da
¢lanci objavljeni nakon perioda istrazivanja nisu uklju-
Ceni. Ipak, prate¢i PRISMA smernice, mozemo izvuci
sledecée preporuke. lako tehnoloski napredak i rastu-
¢e trziSne mogucnosti ukazuju na znacajan progres,
ove koristi treba kriticki sagledati u svetlu postojecih
izazova. Na primer, iako krioprezervacija i regenerativ-
na medicina unapreduju efikasnost donatorskih pro-
grama, dugoroc¢ne bioloske i eticke implikacije ostaju
neizvesne. Takode, iako globalizacija reproduktivnih
usluga povecava dostupnost, ona istovremeno otva-
ra pitanja o regulatornim neusaglasenostima i etickim
dilemama. Zato je potreban uravnotezen pristup radi
maksimizacije koristi uz minimizaciju rizika.

ZAKLJUCAK

Rezultati studije ukazuju na znacajan potencijal re-
produktivne bioekonomije u unapredenju lecenja ne-
plodnosti i diverzifikacije porodica. Ipak, kreiranje na-
cionalnog registra predstavlja klju¢ni regulatorni pro-
pust u nadzoru biomedicinski potpomognute oplod-
nje sa doniranim reproduktivnim celijama. Regulatorni
okvir bi trebalo unaprediti u pravcu transparentnih i
etickih propisa koji bi obezbedili pristup, dostupnost i
dobrobit svih ucesnika (ukljucujuci pravo dece zacete
donacijom da saznaju svoje genetsko poreklo). Kom-
promis se moze posti¢i ulaganjem u porodi¢no orijen-
tisane politike koje omogucavaju Zenama koje odlazu
roditeljstvo da se odluce na potomstvo ranije. Buduca
istrazivanja treba da se fokusiraju na dugorocne efekte
tehnologija i standardizaciju medunarodnih praksi.

Sukob interesa: Nije prijavljen.

regions. The formation of non-traditional families pres-
ents challenges related to social acceptance and legal
regulation [36], while the absence of a genetic connec-
tion can cause psychological and social obstacles.

Although the globalisation of donor practices
could contribute to the expansion of the reproductive
bioeconomic market, the lack of uniform regulatory
standards makes it difficult to track the total number
of donations and related families, which creates ethical
and legal obstacles to the further development of this
sector [14, 43, 44]. In addition, modern forms of fami-
lies, including those based on gamete donation, often
face legal constraints, as traditional legal frameworks
do not keep pace with dynamic changes in reproduc-
tive technologies and social norms. This discrepancy
between legal regulations and social needs slows mar-
ket development and limits the availability of services
for different groups of users [45, 46, 47]

Threats

The unknown long-term quality and outcomes of cryo-
preservation of embryos, including possible epigenetic
changes, pose significant challenges to the health out-
comes of children born through these technologies,
which are not sufficiently researched, and the existence
of which is unknown. Bioethical dilemmas, such as do-
nor anonymity and the right of children to know their
genetic origin, remain unresolved issues in many con-
texts. The commercialization of reproductive labour
threatens the principles of altruism and potentially con-
tributes to the exploitation of economically vulnerable
individuals. The unknown safety and quality of cryopre-
served cells, along with possible epigenetic changes
that may impact embryo development [32, 33, 49, 50],
pose a significant threat to the growth of the bioeco-
nomic market. In addition, the commercialisation of re-
productive organ donation and economically motivat-
ed donor participation [51, 52, 53] challenge the ethical
principles of altruism, which may lead to regulatory
constraints and reduce patient trust. Bioethical dilem-
mas, such as donor anonymity and psychological con-
sequences for offspring [54], further complicate public
perception and potentially limit market development.
This study may not be as comprehensive as it could
be, as it only reviewed publications in the English lan-
guage. Given that this is an evolving field of research, it
is possible that articles published after our study were
not included in this review. Nonetheless, following
the PRISMA guide, our recommended insights include
the following. While technological advancements and
expanding market opportunities suggest significant
progress, these benefits must be critically examined
in light of ongoing challenges. For instance, although
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SAZETAK

Ishemija srcanog misica ima, kao patofiziolosku osnovu, neadekvatan odnos iz-
medu snabdevenosti i potreba miokarda za oksigenisanom krvlju. Klinicki se ma-
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STABILNA ANGINA PEKTORIS

Ishemija sr¢anog misi¢a ima, kao patofiziolosku osno-
vu, neadekvatan odnos izmedu snabdevenosti i potre-
ba miokarda za oksigenisanom krvlju (Slika 1) [1].

Vazospazam/ Vasospasm
NTG, blokatoriCa kanala, / -
NTG, Ca channel blockers

Tromboza / Thrombosis —>
ASA / ASA
7

Ateroskleroza / Atherosclerosis
Statin / Statin

J Dijastolni protok /
{ Diastolic flow
J (miokardni protok) /
{ (myocardial flow)

N LV komplijansa /
N LV compliance
™ (LV preload) /

STABLE ANGINA PECTORIS

The pathophysiological basis of myocardial ischemia
lies in the inadequate balance between the supply of
oxygenated blood to the myocardium and its demand
for oxygen (Figure 1) [11.

Naknadno optereéenje /
“—Afterload

blokatori Ca kanala / Ca channel blockers

<_Frekvencija/ Frequency

P blokator, inhibitor (ivabradin)

<_Kontraktilnost/ Frekvenca
P blokator, inhibitor (ivabradin)

Preload/ Frekvenca

N LVEDP

M (dijastolna tenzija) /
N (diastolic tension)

N ( LV preload)

Slika 1. Patofizioloska osnova ishemije i mesta dejstva antianginoznih lekova

(Adapted from: Morrow DA, Boden WE. Chapter 57: Stable Ischemic Heart Disease. In: Braunwald's
Heart Disease: A Textbook of Cardiovascular Medicine. 9th ed. (2012). Saunders; pp 1210-1269)

Ishemija sréanog misica se klinicki manifestuje kao
anginozni bol sa tipi¢cnom lokalizacijom, karakterom,
intenzitetom i prate¢im tegobama, pre svega neto-
lerancijom napora [1]. Dvogodisnja studija pracenja,
koju su sproveli Mozafarian i saradnici na skoro 9.000
pacijenata sa koronarnom arterijskom bolesc¢u, po-
tvrdila je da su simptomi angine pektoris nezavistan
prediktor kardiovaskularnog mortaliteta, potencirajudi
fizicko ograni¢enje kao prediktor loseg prezivljavanja
[2]. Dominantno, morfoloski suspstrat stabilne angine
pektoris je stabilan, nekomplikovani aterosklerotski
plak, koji suzava koronarnu arteriju.

Dijagnosticki algoritam obuhvata klinicki pregled,
neinvanzivne i invazivne dijagnosti¢cke procedure,
ukljucuju¢i koronarografiju kao zlatni standard. Kon-
zervativno lecenje stabilne angine pektoris, osim mo-
difikacije nacina zivota i eliminisanja tradicionalnih
faktora rizika, podrazumeva primenu savremenih leko-
va, medu kojima je i ranolazin, koji se izdvojio svojim
jedinstvenim mehanizmom dejstva, efikasno3cu i bez-
bednos¢u. Ranolazin je efikasan u redukciji manifesta-
cija ishemije i angine, sa potencijalnim efektom na dis-
funkciju leve komore, pre svega dijastolnu i elektri¢nu
nestabilnost [1-5].

Figure 1. Pathophysiological basis of ischemia and the sites of the action of an-
tianginal drugs

(Adapted from: Morrow DA, Boden WE. Chapter 57: Stable Ischemic Heart Disease. In: Braunwald's
Heart Disease: A Textbook of Cardiovascular Medicine. 9th ed. (2012). Saunders; pp 1210-1269)

Myocardial ischemia clinically presents as anginal
pain with a typical localization, nature, intensity, and
accompanying symptoms, primarily exercise intoler-
ance [1]. A two-year follow-up study conducted by Mo-
zaffarian et al. on nearly 9,000 patients with coronary
artery disease confirmed that angina pectoris symp-
toms were an independent predictor of cardiovascular
mortality, emphasizing physical limitation as a predic-
tor of poor survival [2]. The predominant morphologi-
cal substrate of stable angina pectoris is a stable, un-
complicated atherosclerotic plaque that narrows the
coronary artery.

The diagnostic algorithm includes clinical exam-
ination, non-invasive and invasive diagnostic proce-
dures, with coronary angiography as the gold stan-
dard. Conservative treatment of stable angina pecto-
ris, in addition to lifestyle modification and elimination
of traditional risk factors, involves the use of modern
medications, among which ranolazine stands out due
to its unique mechanism of action, efficacy, and safe-
ty. Ranolazine is effective in reducing manifestations
of ischemia and angina, with a potential effect on left
ventricular dysfunction, particularly diastolic dysfunc-
tion and electrical instability [1-5].
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Medikamentozna terapija stabilne angine
pektoris — osnovni principi

Konvencionalni antiishemijski lekovi smanjuju razvoj
ishemije, primarno smanjujuci determinante miokar-
dnih zahteva za kiseonikom: broj srcanih otkucaja,
krvni pritisak, predopterecenje, kontraktilnost. Veoma
je bitna ¢injenica da ne postoji preklapanje izmedu le-
kova koji poboljsavaju prognozu i lekova koji olaksa-
vaju simptome, izuzev beta blokatora nakon infarkta
miokarda. Prethodno re¢eno govori u prilog hipotezi
da simptomatska ishemija miokarda ne mora da bude
bazican mehanizam relevantan za prognozu, ve¢ da
specifi¢tni mehanizmi koji uti¢u na funkciju trombocita
i antiinflamatornui ili citokinima posredovanu neurohu-
moralnu aktivnost mogu da poboljsaju prezivljavanje.
Aktuelne strategije lecenja su bazirane na ublaza-
vanju simptoma pomocu lekova kroz uspostavljanje
ravnoteze izmedu snabdevanja miokarda kiseonikom
i njegove potrosnje, sto je relevantno za ishemiju mi-
okarda i anginu pektoris. Svi agensi u ovoj kategoriji:
beta blokatori, antagonisti kalcijumskih kanala, nitrati,
aktivatori kalijumovih kanala, i blokatori sinusnog ¢vo-
ra, smanjuju zahteve miokarda za kiseonikom. Ovo se
postize kroz direktne efekte na sréani misic ili indirek-
tno, kroz kompleksne efekte na hemodinamske deter-
minante. Antagonisti kalcijumskih kanala, nitrati i akti-
vatori kalijumovih kanala mogu dodatno da poboljsaju
protok krvi i snabdevanje kiseonikom (Slika 2) [1-6].

B-blokatori / B-blockers

Nitrati, nikorandil /

Nitrates, nicorandil

Trimetazidin / Trimetazidine

N

ANTIISCHEMIC THERAPY IN TREATING CHRONIC CORONARY SYNDROME

Pharmacological treatment of stable angina
pectoris - fundamental principles

Conventional anti-ischemic drugs reduce the develop-
ment of ischemia, primarily by decreasing the determi-
nants of myocardial oxygen demand: heart rate, blood
pressure, preload, and contractility. It is important to
note that there is no overlap between drugs that im-
prove prognosis and those that alleviate symptoms,
except for beta-blockers following myocardial infarc-
tion. The above supports the hypothesis that symp-
tomatic myocardial ischemia is not necessarily the fun-
damental mechanism relevant to prognosis, but rather
that specific mechanisms affecting platelet function
and anti-inflammatory or cytokine-mediated neuro-
humoral activity may contribute to improved survival.

Current treatment strategies are based on symp-
tom relief through pharmacological agents by restor-
ing the balance between myocardial oxygen supply
and demand, which is crucial for myocardial ischemia
and angina pectoris. All pharmacological agents in this
category — beta-blockers, calcium channel blockers,
nitrates, potassium channel activators, and sinus node
inhibitors — reduce myocardial oxygen demand. This is
achieved either through direct effects on the myocardi-
um or indirectly via complex effects on hemodynamic
determinants. Calcium channel blockers, nitrates, and
potassium channel activators can additionally improve
blood flow and oxygen delivery (Figure 2) [1-6].

Ivabradin / Ivabradine

Blokatori kalcijumskih kanala
~/ Calcium-channel blockers

Ranolazin / Ranolazine

Diltiazem / Dilitiazem

Slika 2. Individualizacija lecenja angine pektoris, tzv. diamond approach sa
mogucim kombinacijama razlicitih klasa antianginoznih lekova (preporucene
kombinacije — zelene linije; kombinacije koje se ne preporucuju — crvene linije;
moguce kombinacije — plave pune linije; lekovi sa slicnom aktivnos¢u — plave
isprekidane linije)

(Preuzeto iz: Ferrari R, Camici PG, Crea F, Danchin N, Fox K, Maggioni AP, et al. Expert consensus docu-
ment: A 'diamond' approach to personalized treatment of angina. Nat Rev Cardiol. 2018 ;15(2):120-132.)

Figure 2. Individualization of angina pectoris treatment, the so-called diamond
approach, with possible combinations of different classes of antianginal drugs
(recommended combinations — green lines; combinations that are not recom-
mended - red lines; possible combinations — blue solid lines; drugs with similar

actions — blue dashed lines)
(From: Ferrari R, Camici PG, Crea F, Danchin N, Fox K, Maggioni AP, et al. Expert consensus document:
A'diamond" approach to personalized treatment of angina. Nat Rev Cardiol. 2018 ;15(2):120-132.)
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U patofizioloSkom smislu, u toku miokardne ishe-
mije, razvija se intracelularno opterecenje kalcijumom
sa konsekutivnim razvojem ishemije, ukljucujudi i si-
stolnu i dijastolnu disfunkciju miokarda i elektri¢nu
nestabilnost [1-6]. Ranolazin nema klinicki znacajan
uticaj na varijable miokardne potrebe za kiseonikom
ali potencira njihov antiishemijski efekat prevenirajudi
intracelularno opterecenje kalcijumom, smanjujudi na
taj nacin rigidnost sr¢anog misi¢a koja dovodi do re-
dukcije miokardne perfuzije [7-10].

Nedavna studija isti¢e da se dozno-zavisno pobolj-
$anje miokardne ishemije pri submaksimalnom i mak-
simalnom opterecenju, postignuto ranolazinom kod
pacijenata sa stabilnom koronarnom boles¢u, pripisuje
poboljsanju miokardnog protoka bez merljivog utica-
ja na sr¢ane otkucaje i krvni pritisak [9]. 1z navedenog
proizilazi da ranolazin moze biti idealna komplemen-
tarna dopuna standardnoj antianginoznoj terapiji.

Medikamentozna terapija ishemije

Antianginozni efekat lekova se ostvaruje na razli¢itim
nivoima, deluju¢i komplementarno - sa jedne stra-
ne na povecano snabdevanje miokarda kiseonikom
(smanjenjem vazospazma, progresije ateroskleroze
i tromboze), a sa druge strane na smanjenu potrosnji
kiseonika (smanjenjem predopterecenja i naknadnog
opterecenja, sréane frekvencije i kontraktilnosti) (Slike
1i2)[7-10].

Ishemija na celijskom nivou remeti funkciju Na ka-
nala kardiomiocita, koja je odgovorna za prolongirano
povecanje kasne Na struje i konsekutivno prekomerno
povecanje intracelularne koncentracije Na i Ca. Preko-
merna intracelularna koncentracija Ca remeti dijastol-
nu relaksaciju i dovodi do povecanja dijastolnog opte-
reCenja i potrosnje kiseonika, te do redukcije miokar-
dnog protoka i snabdevanja kiseonikom. Na ovaj nacin
nastala miokardna hipoperfuzija doprinosi pogorsanju
ishemije i angine (Slika 3) [1-2].

From a pathophysiological perspective, during myo-
cardial ischemia, intracellular calcium overload develops,
leading to the progression of ischemia, including both
systolic and diastolic myocardial dysfunction, as well as
electrical instability [1-6]. Ranolazine does not have a
clinically significant impact on variables related to myo-
cardial oxygen demand, however, it does enhance their
anti-ischemic effect by preventing intracellular calcium
overload. In doing so, it reduces myocardial stiffness that
contributes to decreased myocardial perfusion [7-10].

A recent study emphasizes that the dose-depen-
dent improvement in myocardial ischemia during sub-
maximal and maximal exertion achieved with ranola-
zine in patients with stable coronary artery disease is
attributed to enhanced myocardial perfusion, without
a measurable effect on heart rate or blood pressure [9].
This suggests that ranolazine may serve as an ideal com-
plementary addition to standard antianginal therapy.

Pharmacological treatment of ischemia

The antianginal effect of medications is achieved at
different levels, acting in a complementary manner —
on one hand, by increasing myocardial oxygen supply
(by reducing vasospasm, atherosclerosis progression,
and thrombosis), and on the other, by decreasing oxy-
gen demand (by reducing preload and afterload, heart
rate, and contractility) (Figures 1 and 2) [7-10].

At the cellular level, ischemia disrupts the func-
tion of sodium channels in cardiomyocytes, leading
to a prolonged increase in late sodium current and
consequently excessive intracellular accumulation of
sodium and calcium. The elevated intracellular calcium
concentration impairs diastolic relaxation, resulting in
increased diastolic wall stress and oxygen consump-
tion, as well as reduced myocardial perfusion and ox-
ygen supply. The resulting myocardial hypoperfusion
further contributes to the worsening of ischemia and
angina (Figure 3) [1-2].

> Ishemija / Ischemia

!

/ Kasne struje Na / 4 Late sodium currents

J Snabdevanje 0, /
0, supply

}

Prekomerni intracelularni Na / Excessive intracellular sodium

1 Potros$nja 02 /
0, consumption

|

Prekomerni intracelularni Ca / Excessive intracellular calcium

|

Poremecaj dijastolne relaksacije / Abnormalities in diastolic relaxation

Slika 3. Patofiziologija miokardne hipoperfuzije Figure 3. Pathophysiology of myocardial hypoperfusion
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U ishemijom pogodenom miocitu, intracelularna
koncentracija Na je povecana, $to dovodi do poveca-
nja intracelularnog nivoa Ca i posledi¢ne kontraktilne
disfunkcije. Stavise, povec¢ano dijastolno opterecenje
povecava mikrovaskularnu rezistenciju i potencira
ostecenje energetske ravnoteze uishemijom pogode-
nom miokardu. Formira se jedan zacaran krug u kome
dijastolna disfunkcija, koja se javlja kao posledica ishe-
mije miokarda, povecava potroSnju energije i potenci-
ra energetski disbalans. Patolosko pojacanje kasne Na
struje doprinosi Na zavisnom optereéenju kalcijumom.
Smanjenjem magnitude patoloskog pojacanja kasne
Na struje, ranolazin prevenira ili dovodi do smanjenja
intracelularne koncentracije Ca i na taj nacin prekida
znacajan mehanizam u patofizioloskoj osnovi miokar-
dne ishemije (Slika 4) [8].

ANTIISCHEMIC THERAPY IN TREATING CHRONIC CORONARY SYNDROME

In an ischemia-affected cardiomyocyte, intracellu-
lar sodium concentration increases, leading to elevated
intracellular calcium levels and resulting in contractile
dysfunction. Moreover, increased diastolic wall stress
increases microvascular resistance and exacerbates
the disturbance of the energy balance in the ischemic
myocardium. This creates a vicious cycle wherein dia-
stolic dysfunction - arising as a consequence of myo-
cardial ischemia — increases energy consumption and
further aggravates the energy imbalance. Pathological
increase of the late sodium current contributes to so-
dium-dependent calcium overload. By reducing the
magnitude of this pathological late sodium current
increase, ranolazine prevents or decreases the intra-
cellular calcium concentration, thereby interrupting a
key mechanism in the pathophysiology of myocardial
ischemia (Figure 4) [8].

!

ﬁ Ishemija / Ischemia

‘ M kasniNal,,/ 1 LateNa I,

N — ‘ Ranolazin / Ranolazine

!

‘ Na* / intracelularno / Intracellular Na* 1 ‘

Nex [

Ca* 4 intracelularno / Intracellular Ca* 1

|

J Kontraktilnost /
J Contractility

NCX: Na/Ca izmenjivac /

Elektri¢na disfunkcija / Mehanié.ka disfunkcij_a / 0, snabdevanje &potreba /
Electrical dysfunction Mechanical dysfunction 0, supply & demand
Aritmije / Arrythmias 1 Dijastolna tenzija/  ytrozak ATP / ATP consumption

 Diastolic tension

NCX: Sodium-calcium exchanger

Slika 4. Mehanizam antiishemijskog delovanja ranolazina
(Preuzeto iz: Hasenfuss G, Maier LS. Mechanism of action of the new anti-ischemia drug ranolazine.
Clin Res Cardiol. 2008;97(4):222-6.)

Antiishemijski mehanizam, farmakokinetika i
farmakodinamika ranolazina

Osnovu delovanja ranolazina predstavlja poboljsanje
regionalnog koronarnog protoka u zoni ishemije. An-
tianginalno delovanje ranolazina se ostvaruje bez zna-
¢ajnijeg uticaja na frekvenciju i visinu arterijskog priti-
ska. U klini¢kim studijama je registrovano zanemarljivo
smanjenje srednje frekvencije (< 2 /min) i sistolnog
pritiska (< 3 mmHg) [9-10]. Antianginalna efikasnost
ne zavisi od pola i Zivotnog doba, kao ni od komorbidi-
teta (pridruzenog dijabetesa melitusa), ali je povezana
za povoljnim metabolickim profilom kod pacijenata sa
Secernom bolescu (redukcija HbA1c) [9, 11-12]. Osnov-

Figure 4. Mechanism of the anti-ischemic action of ranolazine
(From: Hasenfuss G, Maier LS. Mechanism of action of the new anti-ischemia drug ranolazine. Clin
Res Cardiol. 2008;97(4):222-6.)

Anti-ischemic mechanism, pharmacokinetics,
and pharmacodynamics of ranolazine

The primary mechanism of ranolazine action is the
improvement of regional coronary blood flow in the
ischemic zone. Its antianginal effect is achieved with-
out a significant impact on heart rate or arterial blood
pressure. Clinical studies have reported only negligible
reductions in average heart rate (< 2 bpm) and systolic
blood pressure (< 3 mmHg) [9-10]. The antianginal ef-
ficacy of ranolazine is not dependent on gender, age,
or comorbidities (such as diabetes mellitus), but it is as-
sociated with a favorable metabolic profile in diabetic
patients (reduction in HbA1c levels) [9, 11-12]. The key
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Tabela 1. Osnovne farmakokinetske i farmakodinamske karakteristike ranolazina

Ranolazin

BioraspoloZivost

Maksimalna koncentracija
Poluvreme eliminacije

Stabilno delovanje

Vezivanje za proteine plazme
Ekskrecija

Interakcije sa lekovima

(Oprez potreban kod koriS¢enja
drugih inhibitora CYP3A4 i lekova
koji uti¢u na produZenje QT
intervala)

Interakcije sa hranom
Ekstenzivan hepaticni metabo-
lizam

Primarni metabolizam

Minorni metabolizam
Maksimalna preporucena dnevna

Farmakokinetika i farmakodinamika
35% — 50%

2—6 Casova

7 Casova

3dana

62%

73% putem urina, 25% putem fecesa

Moguca INTERAKCIJA sa digoksinom,
simvastatinom, ciklosporinom, diltiaz-
emom, verapamilom, ketokonazolom,
makrolidima

Ne preporucuje se unos grejpfruta.

5% doze se izlu¢uje nepromenjeno putem
urina i fecesa

Preko CYP3A4

Preko CYP2D6

2x750 mg

Table 1. Key pharmacokinetic and pharmacodynamic properties of ranolazine

Ranolazine Pharmacokinetics and pharmacodynamics
Bioavailability 35% — 50%

Maximum concentration 2—6 hours

Elimination half-life 7 hours

Stable action 3 days

Plasma protein binding 62%

Route of elimination

73% renally; 25% in the feces

Drug interactions

(Caution is necessary when
using other CYP3A4 inhibitors
and drugs that affect QT interval
prolongation)

Possible INTERACTION with digoxin, simvas-
tatin, cyclosporine, diltiazem, verapamil,
ketoconazole, macrolides

Food interactions

Grapefruit consumption is not recommended.

Extensive hepatic metabolism

An estimated 5% of the dose is eliminated
as unchanged drug, renally and in the feces.

Primary metabolism Through CYP3A4
Minor metabolism Through CYP2D6
Maximum recommended daily 2x750mg

doza

(Preuzeto i modifikovano iz: Hasenfuss G, Maier LS. Mechanism of action of the new an-
ti-ischemia drug ranolazine. Clin Res Cardiol. 2008;97(4):222-6; Sazetak karakteristika leka
Ranexa, februar 2021)

ne farmakokinetske i farmakodinamske karakteristike
ranolazina su date u Tabeli 1.

Antianginalna terapija u svakodnevnoj klinickoj
praksi

Cilj antianginalnih lekova je da obezbede adekvatno
olaksanje simptoma angine kod pacijenata sa hronic-
nim koronarnim sindromom (engl. chronic coronary
syndrome - CCS), delimi¢no nezavisno od njihovog
efekta ili nedostatka efekta na MACE (engl. major ad-
verse cardiac events). Po¢etna monoterapija, sa na-
knadnom eskalacijom na kombinaciju antianginalnih
lekova u slucaju neadekvatnih ublazavanja simptoma,
predstavlja racionalan pristup [13].

Prema aktuelnim evropskim vodi¢ima, terapijski
ciljevi u medikamentoznom lecenju stabilne angine
pektoris mogu se podeliti u tri grupe:

1. neposredno kratkoro¢no olaksanje tegoba

2. simptomatska terapija

3. etiolosko le¢enje sa poboljsanjem prognoze [1-

2,14].

U tom smislu, optimizacijom terapije se postize
poboljsanje kvaliteta Zivota (ublaZavanje simptoma),
smanjenje mortaliteta i morbiditeta, redukcija progre-
sije bolesti i indukcija regresije [1-2,14].

U ovom kontekstu, empirijski pristup zapocinjanja
sa beta-blokatorom moze se preporuciti kod mnogih
pacijenata sa hroni¢nim koronarnim sindromom, osim
ako ne postoje kontraindikacije ili ako su drugi lekovi

dose

(Adapted and modified from: Hasenfuss G, Maier LS. Mechanism of action of the new an-
ti-ischemia drug ranolazine. Clin Res Cardiol. 2008;97(4):222-6; Summary of drug characte-
ristics for Ranexa, February 2021)

pharmacokinetic and pharmacodynamic properties of
ranolazine are presented in Table 1.

Antianginal therapy in everyday clinical
practice

The goal of antianginal drugs is to provide adequate
relief of angina symptoms in patients with chronic cor-
onary syndrome (CCS), somewhat independently of
their effect or lack thereof on major adverse cardiac
events (MACE). Initial monotherapy, followed by esca-
lation to combination antianginal therapy in cases of
inadequate symptom relief, represents a reasonable
approach [13].

According to current European guidelines, ther-
apeutic goals in the pharmacological treatment of
stable angina pectoris can be categorized into three
groups:

1. immediate short-term relief of symptoms

2. symptomatic therapy

3. etiological treatment with improved prognosis

[1-2,14].

Therapy optimization leads to improved quality of
life (symptom relief), reduced mortality and morbidity,
slowed disease progression, and induction of regres-
sion [1-2,14].

In this context, an empirical approach of starting
with a beta-blocker may be recommended for many
patients with chronic coronary syndrome, unless there
are contraindications or unless other drugs are more
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prikladniji od beta-blokatora (npr. pacijenti sa niskim
brojem otkucaja srca i/ili krvnim pritiskom) [15].

Preporucuje se da izbor antianginalnih lekova
bude individualizovan i prilagoden karakteristikama
pacijenta, uzimajuci u obzir hemodinamski profil, pri-
sustvo komorbiditeta, postojecu terapiju (komedikaci-
ju), podnosljivost lekova, kao i osnovnu patofiziologiju
angine. Takode, vazno je razmotriti lokalnu dostupnost
i cenu terapije (razred preporuke: Ic).

U skladu sa aktuelnim preporukama, treba razmo-
triti dugodelujuce nitrate ili ranolazin kao dodatnu
terapiju kod pacijenata kod kojih beta-blokatori i/ili
antagonisti kalcijumskih kanala ne omogucavaju za-
dovoljavajucu kontrolu simptoma, ili kao deo inicijalne
terapije kod paZljivo odabranih pacijenata (razred pre-
poruke: lla) [13-15].

Trenutna empirijska paradigma za izbor antian-
ginalne terapije podrazumeva hijerarhijski, postupni
pristup koji ukljucuje lekove prve linije (beta-blokatori,
antagonisti kalcijumskih receptora) i lekove druge lini-
je (nitrati dugog dejstva, nikorandil, ranolazin, ivabra-
din, trimetazidin). Ovaj pristup potencira koncept da
medicinska terapija za kontrolu simptoma kod hronic-
nog koronarnog sindroma (CSS) treba da bude prilago-
dena hemodinamskom profilu svakog pacijenta (krvni
pritisak, sr¢ana frekvencija), komorbiditetima (narocito
kod prisustva sr¢ane slabosti), istovremenom uzimanju
lekova koji imaju potencijalne interakcije sa antiangi-
nalnim lekovima, istovremeno uzimajudi u obzir pato-
fiziolosku osnovu ishemije miokarda kod svakog paci-
jenta, kao i lokalnu dostupnost razlicitih lekova.

Za mnoge pacijente sa hroni¢nim koronarnim sin-
dromom, pocetna terapija lekovima treba da ukljucuje
beta blokator i/ili blokator kalcijumskih kanala (engl.
calcium channel blockers — CCB). Ako se simptomi angi-
ne ne mogu uspesno kontrolisati po¢etnom monotera-
pijom beta-blokatorom ili blokatorom kalcijumskih ka-
nala, treba razmotriti kombinaciju beta-blokatora i di-
hidropiridina-blokatora kalcijumskih kanala (DHP-CCB),
osim ako nije kontraindikovana (razred preporuke: lla).

Drugi antianginalni lekovi (nitrati dugog dejstva,
ranolazin, nikorandil, trimetazidin, ili ivabradin kod pa-
cijenata sa sistolnom disfunkcijom leve komore) mogu
se dodati uz beta-blokator i/ili CCB, ili kao deo pocetne
kombinovane terapije kod adekvatno odabranih pa-
cijenata kada je leenje beta-blokatorom i/ili blokato-
rom kalcijumskih kanala kontraindikovano ili se slabo
tolerise, ili kada su simptomi angine neadekvatno kon-
trolisani (Slika 5) (razred preporuke: lla).

Kada je u pitanju izbor antianginalnih lekova, krat-
kodelujudi nitrati se preporucuju za trenutno ublazava-
nje angine (razred preporuke: Ib). Kada su propisani ni-
trati dugog dejstva, treba razmotriti interval bez nitrata

ANTIISCHEMIC THERAPY IN TREATING CHRONIC CORONARY SYNDROME

suitable than beta-blockers (e.g., patients with a low
heart rate and/or low blood pressure) [15].

It is recommended that the choice of antianginal
drugs be individualized and tailored to the patient’s
characteristics, taking into account the hemodynamic
profile, presence of comorbidities, current therapy (co-
medication), drug tolerability, as well as the underlying
pathophysiology of angina. Additionally, local avail-
ability and cost of medications should also be consid-
ered (recommendation grade: Ic).

Per current recommendations, long-acting nitrates
or ranolazine should be considered as add-on therapy
in patients whose symptoms are not adequately con-
trolled by beta-blockers and/or calcium channel block-
ers, or as part of initial therapy in carefully selected pa-
tients (recommendation grade: lla) [13-15].

The current empirical paradigm for selecting an-
tianginal therapy involves a hierarchical, stepwise
approach that includes first-line drugs (beta-block-
ers, calcium channel blockers) and second-line drugs
(long-acting nitrates, nicorandil, ranolazine, ivabra-
dine, trimetazidine). This approach emphasizes the
concept that medical therapy for symptom control in
chronic coronary syndrome (CCS) should be tailored to
the hemodynamic profile of each patient (blood pres-
sure, heart rate), comorbidities (especially in the pres-
ence of heart failure), concurrent use of medications
with potential interactions with antianginal drugs,
while also considering the pathophysiological basis of
myocardial ischemia in each patient, as well as the lo-
cal availability of different drugs.

For many patients with chronic coronary syn-
drome, initial drug therapy should include a be-
ta-blocker and/or a calcium channel blocker (CCB). If
angina symptoms cannot be adequately controlled
with initial monotherapy with a beta-blocker or calci-
um channel blocker, a combination of a beta-blocker
and a dihydropyridine calcium channel blocker (DHP-
CCB) should be considered, unless contraindicated
(recommendation grade: lla).

Other antianginal drugs (long-acting nitrates,
ranolazine, nicorandil, trimetazidine, or ivabradine in
patients with left ventricular systolic dysfunction) can
be added to beta-blockers and/or CCBs, or applied as
part of initial combination therapy in appropriately se-
lected patients when treatment with beta-blockers and/
or calcium channel blockers is contraindicated or poorly
tolerated, or when angina symptoms are inadequately
controlled (Figure 5) (recommendation grade: lla).

As to the choice of antianginal drugs, short-acting
nitrates are recommended for immediate relief of an-
gina (recommendation grade: Ib). When long-acting
nitrates are prescribed, a nitrate-free or low-nitrate in-

198

Jun 2025. | Volumen 6/ Broj 2 | SrPski MEDICINSKI CASOPIS LEKARSKE KOMORE



ANTIISHEMIJSKA TERAPLJA U LECENJU HRONICNOG KORONARNOG SINDROMA

Pandrc M. and Kostovski V.

ANTIISCHEMIC THERAPY IN TREATING CHRONIC CORONARY SYNDROME

ili sa niskim sadrzajem nitrata da bi se smanijila toleran-
cija (razred preporuke: lla). Nikorandil ili trimetazidin se
mogu smatrati dodatnom terapijom kod pacijenata sa
neadekvatnom kontrolom simptoma dok su na terapiji
beta-blokatorima i/ili blokatorima kalcijumskih kanala,
ili delom pocetnog lecenja kod pravilno odabranih pa-
cijenata (razred preporuke: lIb).

Ivabradin treba smatrati dodatnom antianginalnom
terapijom kod pacijenata sa sistolnom disfunkcijom leve
komore (LVEF < 40%) i neadekvatnom kontrolom simp-
toma, ili delom pocetnog lecenja kod pravilno odabra-
nih pacijenata (razred preporuke: lla). lvabradin se ne
preporucuje kao dodatna terapija kod pacijenata sa CCS,
LVEF > 40% i bez klinicke sréane insuficijencije (razred
preporuke: llIb). Ne preporucuje se kombinacija ivabra-
dina sa ne-DHP-CCB (verapamil ili diltiazem) ili drugim ja-
kim inhibitorima CYP3A4 (razred preporuke: Illb) [13-15].

Nitrati se ne preporucuju kod pacijenata sa hipertro-
ficnom kardiomiopatijom ili u kombinaciji sa inhibito-
rima fosfodiesteraze (razred preporuke: lllb). Ovi lekovi
mogu zahtevati oprez ilimogu biti kontraindikovani kod
odredenih pacijenata sa niskim krvnim pritiskom, (be-
ta-blokatori i DHP-CCB), dijabetes melitusom (beta-blo-
katori), poremecajima atrioventrikularne provodljivosti
(beta-blokatori i ne-DHP-CCB), hroni¢nom opstruktiv-
nom bolesc¢u pluca (neselektivni beta-blokatori) [13-15].

Za inicijalnu terapiju treba razmotriti ivabradin,
nikorandil, dugodelujuce nitrate, ranolazin ili trime-
tazidin kod pacijenata sa netolerancijom ili kontrain-
dikacijama na beta-blokatore i/ili blokatore kalcijum-
skih kanala; ranolazin i trimetazidin kod pacijenata sa
mikrovaskularnom anginom; nikorandil ili nitrati kod
pacijenata sa spazmom koronarnih arterija (razred pre-
poruke: IIb) [13-15].

Ovi lekovi mogu da izazovu poremedcaj atrioven-
trikularne provodljivosti i treba da se primenjuju opre-
zno kod pacijenata sa perifernom arterijskom boles¢u
(engl. peripheral arterial disease — PAD) i hroni¢nom op-
struktivnom bole$¢u plu¢a (HOBP). Blokatori kalcijum-
skih kanala zahtevaju oprez kod pacijenata sa sréanom
insuficijencijom sa redukovanom ejekcionom frakci-
jom (engl. heart failure with reduced ejection fraction —
HFrEF). Ranolazin i trimetazidin su racionalne alterna-
tive kao deo antianginalne kombinovane terapije kod
pacijenata sa niskim otkucajima srca [13-15].

Kod pacijenata sa sr¢anom insuficijencijom sa ocu-
vanom ejekcionom frakcijom (engl. heart failure with
preserved ejection fraction — HFpEF), pored diuretika za
leCenje kongestije, preporucuju se SGLT2 inhibitori za
poboljsanje ishoda (razred preporuke: I). Pored toga,
beta-blokatori, dugodelujudi nitrati, CCB, ivabradin, ra-
nolazin, trimetazidin, nikorandil i njihove kombinacije
treba da se razmotre kod pacijenata sa HFpEF i koronar-

terval should be considered to reduce tolerance (rec-
ommendation grade: lla). Nicorandil or trimetazidine
may be considered as add-on therapy in patients with
inadequate symptom control while on beta-blockers
and/or calcium channel blockers, or as part of initial
therapy in appropriately selected patients (recommen-
dation grade: llb).

Ivabradine should be considered as additional
antianginal therapy in patients with left ventricular
systolic dysfunction (LVEF < 40%) and inadequate
symptom control, or as part of initial treatment in ap-
propriately selected patients (recommendation grade:
lla). Ivabradine is not recommended as add-on therapy
in patients with CCS, LVEF > 40%, and no clinical heart
failure (recommendation grade: lllb). The combination
of ivabradine with non-DHP CCBs (verapamil or dilti-
azem) or other strong CYP3A4 inhibitors is not recom-
mended (recommendation grade: lllb) [13-15].

Nitrates are not recommended in patients with hy-
pertrophic cardiomyopathy or combined with phospho-
diesterase inhibitors (recommendation grade: lllb). These
drugs may require caution or may be contraindicated in
certain patients, such as those with low blood pressure
(beta-blockers and DHP-CCBs), diabetes mellitus (be-
ta-blockers), atrioventricular conduction disorders (be-
ta-blockers and non-DHP-CCBs), or chronic obstructive
pulmonary disease (non-selective beta-blockers) [13-15].

For initial therapy, ivabradine, nicorandil, long-act-
ing nitrates, ranolazine, or trimetazidine should be
considered in patients with intolerance or contraindi-
cations to beta-blockers and/or calcium channel block-
ers. Ranolazine and trimetazidine may be considered
in patients with microvascular angina, while nicorandil
or nitrates may be considered in patients with coronary
artery spasm (recommendation grade: l1b) [13-15].

These drugs may cause atrioventricular conduc-
tion disturbances and should be used with caution
in patients with peripheral arterial disease (PAD) and
chronic obstructive pulmonary disease (COPD). Calci-
um channel blockers require caution in patients with
heart failure with reduced ejection fraction (HFrEF).
Ranolazine and trimetazidine are reasonable alterna-
tives as part of combination antianginal therapy in pa-
tients with a low heart rate [13-15].

In patients with heart failure with preserved ejec-
tion fraction (HFpEF), in addition to diuretics for treat-
ing congestion, SGLT2 inhibitors are recommended
to improve outcomes (recommendation grade: ).
Additionally, beta-blockers, long-acting nitrates, cal-
cium channel blockers (CCBs), ivabradine, ranolazine,
trimetazidine, nicorandil, and their combinations
should be considered in patients with HFpEF and cor-
onary artery disease (CAD) for angina relief, though
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nom arterijskom bole$¢u (KAB) za ublazavanje angine,
ali bez efekta na sr¢anu slabost i krajnje ishode u koro-
narnom sindromu [13-15].

Redukovane doze rivaroksabana mogu se razmo-
triti kod pacijenata sa KAB i srcanom insuficijencijom,
LVEF > 40% i sinusnim ritmom kada su pod visokim ri-
zikom od mozdanog udara, i sa malim rizikom od he-
moragije [15].

LeCenje simptoma angine kod pacijenata sa neo-
kludiranom anginom koronarne arterije/neokludira-
nom ishemijom koronarne arterije (engl. angina with
nonobstructive coronary arteries/ischemia with nono-
bstructive coronary arteries - ANOCA/INOCA) predstavlja
izazov jer pacijenti ¢ine heterogenu grupu i nedostaju
randomizovana ispitivanja. Jedna mala studija je poka-
zala da je stratifikovani algoritam antianginalne terapi-
je zasnovan na koronarnom funkcionalnom testiranju
doveo do ublazavanja simptoma angine i poboljsanja
kvaliteta zZivota u poredenju sa kontrolnom grupom le-
¢enom standardnom terapijom.

Kod pacijenata sa mikrovaskularnom anginom i
smanjenom rezervom koronarnog protoka (engl. co-
ronary flow reserve — CFR) i/ili poveéanim indeksom
otpora mikrocirkulacije (engl. index of microcirculatory
resistance — IMR), $to moze odrazavati remodeliranje
arteriola, koriste se beta-blokatori, CCB, ranolazin i in-
hibitori angiotenzin konvertujué¢eg enzima (engl. angi-
otensin-converting enzyme inhibitors — ACE-I). Kod ovih
pacijenata, antiishemi¢na terapija sa amlodipinom je
dovela do znacajnog poboljsanja.

U leCenju pacijenata sa epikardijalnim ili mikrova-
skularnim spazmom nakon acetilholinskog testa (engl.
acetylcholine testing — ACH testing), antagoniste kalci-
juma treba smatrati terapijom prve linije. Kod pacije-
nata sa teSkom vazospastichom anginom, moze biti
neophodna primena neuobicajeno visokih doza an-
tagonista kalcijuma (npr. diltiazem u dozi od 2 x 200
mg dnevno ili ¢ak do 960 mg dnevno), a u odredenim
slu¢ajevima i kombinacija nedihidropiridina (kao $to je
diltiazem) i dihidropiridinskih blokatora kalcijumskih
kanala (kao $to je amlodipin).

Vazno je napomenuti da, u maloj studiji tokom koje
se u periodu od 3est nedelja primenjivala oralna tera-
pija diltiazemom u dozi do 360 mg dnevno ili place-
bo, kod pacijenata sa koronarnom mikrovaskularnom
disfunkcijom (engl. coronary microvascular dysfunction
— CMD), nije utvrdeno znacajno poboljSanje simptoma
ili kvaliteta Zivota. Ipak, terapija diltiazemom je dovela
do smanjenja prevalencije epikardijalnog spazma. Ni-
korandil, kombinovani vazodilatator koji deluje putem
nitratno i kalijum zavisnih kanala, moze predstavljati
efikasnu alternativu, iako su nezeljeni efekti Cesti (ra-
zred preporuke: IIb) [15].

ANTIISCHEMIC THERAPY IN TREATING CHRONIC CORONARY SYNDROME

without effect on heart failure progression or end out-
comes in coronary syndrome [13-15].

Reduced doses of rivaroxaban may be considered in
patients with coronary artery disease (CAD) and heart
failure, LVEF > 40%, and sinus rhythm, who are at high
risk of stroke and have a low risk of hemorrhage [15].

Managing angina symptoms in patients with an-
gina with nonobstructive coronary arteries/ischemia
with nonobstructive coronary arteries (ANOCA/INOCA)
is challenging, as these patients represent a heteroge-
neous group and randomized trials are lacking. A small
study showed that a stratified algorithm for antiangi-
nal therapy based on coronary functional testing led to
symptom relief and improved quality of life compared
to the control group treated with standard therapy.

In patients with microvascular angina and reduced
coronary flow reserve (CFR) and/or increased index of
microcirculatory resistance (IMR), which may reflect
arteriolar remodeling, beta-blockers, CCB, ranolazine,
and angiotensin-converting enzyme inhibitors (ACE-I)
are administered. In these patients, anti-ischemic thera-
py with amlodipine has led to significant improvement.

In the treatment of patients with epicardial or mi-
crovascular spasm after acetylcholine testing (ACH
testing), calcium antagonists should be considered as
first-line therapy. In patients with severe vasospastic
angina, the use of unusually high doses of calcium an-
tagonists (e.g., diltiazem at a dose of 2 x 200 mg daily
or even up to 960 mg daily) and in certain cases a com-
bination of nondihydropyridines (such as diltiazem)
and dihydropyridine calcium channel blockers (such as
amlodipine) may be necessary.

It is important to note that, in a small study where-
in oral therapy with diltiazem at a dose of up to 360 mg
per day or a placebo was administered for six weeks,
in patients with coronary microvascular dysfunction
(CMD), no significant improvement in symptoms or
quality of life was found. However, diltiazem therapy re-
duced the prevalence of epicardial spasm. Nicorandil, a
combined vasodilator that acts via nitrate- and potas-
sium-dependent channels, may represent an effective
alternative, although side effects are common (recom-
mendation grade: lIb) [15].

Combination treatment with ranolazine, an an-
tianginal agent that improves myocyte relaxation and
ventricular compliance by reducing sodium and calci-
um overload, has shown significant results. In patients
with INOCA, spinal cord stimulation is an option for
those with refractory complaints after drug therapy
[15].

Due to inconsistencies in data collection over time,
there is no clear and well-founded evidence to support
the existence of clearly defined first- and second-line
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Lecenje kombinacijom sa ranolazinom, antiangi-
nalnim agensom koji poboljsava relaksaciju miocita i
ventrikularnu komplijansu smanjenjem preopterece-
nja natrijumom i kalcijumom, pokazalo je zapazene
rezultate. Kod pacijenata sa neokludiranom ishemijom
koronarne arterije, stimulacija kicmene mozdine je op-
cija za one sa refraktornim tegobama nakon medika-
mentozne terapije [15].

Zbog nedoslednosti u prikupljanju podataka to-
kom vremena, ne postoje jasni i utemeljeni dokazi koji
bi potkrepili postojanje jasno definisane antianginalne
terapije prve i druge linije. | dalje nije dovoljno razjas-
njeno da li dugodelujudi nitrati, ranolazin, nikorandil,
ivabradin, trimetazidin ili njihove kombinacije pruzaju
vece olakSanje simptoma angine u poredenju sa be-
ta-blokatorimaili blokatorima kalcijumskih kanala [15].

Ranolazin u pivotalnim studijama i
svakodnevnoj klinickoj praksi

Do sada nisu sprovedena velika randomizovana ispiti-
vanja koja bi direktno uporedila klasi¢ne, istorijski prve
odobrene antianginalne lekove (beta-blokatore i bloka-
tore kalcijumskih kanala - CCB) sa novijim antiishemij-
skim agensima kao Sto su ivabradin, nikorandil, ranola-
zin i trimetazidin. Noviji lekovi su uglavnom ispitivani u
manjim studijama koje su procenjivale njihovu neinferi-
ornost u poredenju sa beta-blokatorima ili blokatorima
kalcijumskih kanala, ili u ve¢im ispitivanjima, gde su po-
smatrani kao dodatak standardnoj terapiji zasnovanoj
na beta-blokatorima i/ili blokatorima kalcijumskih ka-
nala. U prilog tezi da ranolazin treba dati pre beta bloka-
tora kod hroni¢ne angine govori i nedavna studija spro-
vedena na 158 pacijenata sa anginoznim simptomima.
U toj studiji, ranolazin je poboljsao toleranciju na fizicki
napor, smanjio naporom indukovanu ishemiju i anginu,
pokazujuci efikasnost najmanje jednaku atenololu, pri
¢emu nije imao uticaj na arterijski pritisak ni puls [16].

Jedna od pivotalnih studija koja je etablirala mesto
ranolazina u lecenju pacijenata sa stabilnom anginom
pektoris bila je dvostruko slepa, placebom kontrolisana
studija sa ukrstanjem modaliteta lecenja u Cetiri perioda
MARISA (Monotherapy Assessment of Ranolazine in Stable
Angina) koja je ukljucila 175 pacijenata lecenih ranolazi-
nom u dve dnevne doze kao monoterapijom angine. U
poredeniju sa placebom, ranolazin je pokazao odrziv do-
zno zavisni efekat, povecao toleranciju na napor i sma-
njio naporom indukovanu ishemiju bez klini¢ki merljivih
hemodinamskih efekata, a da pri tom kratkoroc¢no pre-
zivljavanje nije bilo krace od ocekivanog [17].

U skladu sa prethodno citiranom studijom su i re-
zultati CARISA studije (Combination Assessment of Ra-
nolazine in Stable Angina) sprovedene na 450 pacijena-
ta kod kojih je konvencionalnoj antiishemijskoj terapiji

antianginal therapy. Whether long-acting nitrates,
ranolazine, nicorandil, ivabradine, trimetazidine, or
their combinations provide greater relief of angina
symptoms compared to beta-blockers or calcium
channel blockers remains unclear [15].

Ranolazine in pivotal studies and daily clinical
practice

To date, no large, randomized trials have directly com-
pared the classic, historically first-approved antiangi-
nal agents (beta-blockers and calcium channel block-
ers - CCBs) with newer anti-ischemic drugs such as
ivabradine, nicorandil, ranolazine, and trimetazidine.
Newer drugs have mostly been investigated in small-
er studies evaluating their non-inferiority compared to
beta-blockers or calcium channel blockers, or in larger
trials, where they have been examined as an addition
to standard therapy founded on beta-blockers and/or
calcium channel blockers. A recent study conducted
on 158 patients with angina symptoms also supports
the thesis that ranolazine should be given rather than
beta-blockers in chronic angina. In this study, ranola-
zine improved exercise tolerance, reduced exercise-in-
duced ischemia and angina, showing efficacy at least
equal to atenolol, with no effect on arterial pressure or
heart rate [16].

One of the pivotal studies that established the
role of ranolazine in the treatment of patients with
stable angina pectoris was the double-blind, place-
bo-controlled, four-period crossover study MARISA
(Monotherapy Assessment of Ranolazine in Stable
Angina), which included 175 patients treated with
ranolazine in two daily doses as monotherapy for an-
gina. Compared to placebo, ranolazine demonstrat-
ed a sustained, dose-dependent effect, increased
exercise tolerance, and reduced exercise-induced
ischemia without clinically significant hemodynamic
effects, and without any reduction in short-term sur-
vival compared to expectations [17].

Consistent with the previously cited study are the
results of the CARISA study (Combination Assessment
of Ranolazine in Stable Angina), conducted on 450 pa-
tients in whom ranolazine was added to conventional
anti-ischemic therapy at standard doses, and in whom
long-term survival was not shorter than expected. The
same applies to the post-hoc CARISA analysis, which
recorded improved exercise tolerance and symptom
relief, along with a reduction in exercise-induced isch-
emia and hemodynamic neutrality in patients with
more severe forms of angina who received ranolazine
in addition to standard antianginal therapy, with max-
imum doses of beta-blockers and calcium channel an-
tagonists [18].
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u standardnim dozama dodat ranolazin i kod kojih du-
gorocno prezivljavanje nije bilo kra¢e od ocekivanog.
Isto vaZi i za post-hoc CARISA analizu gde je zabelezeno
poboljsanje tolerancije na napor i ublazavanje simpto-
ma, uz smanjenje naporom indukovane ishemije i he-
modinamsku inerciju kod pacijenata sa tezom formom
angine kojima je na standardnu antianginoznu terapi-
ju maksimalnim dozama beta blokatora i kalcijumskih
antagonista dodat ranolazin [18].

Znacajno smanjenje ucestalosti anginoznih napa-
da, asamim tim i upotrebe nitroglicerina, zabelezeno je
i u velikoj studiji Stouna i saradnika, gde je pacijentima
na monoterapiji amlodipinom u maksimalnoj dnevnoj
dozi dodat ranolazin. Interesantno je da su pacijenti sa
tezom formom angine imali znacajniji efekat terapije
bez hemodinamskih promena [19].

Antiishemijski efekat je konzistentan kroz sve po-
dgrupe pacijenata sa hroni¢nom anginom, ukljucujuci
i pacijente sa dijabetesom, kod kojih je, osim odrzivog
antianginoznog efekta u smislu smanjenja ucestalosti
ataka angine i koriS¢enja nitroglicerina tokom lece-
nja, zabelezen povoljniji metabolicki profil i redukci-
ja HbA1c, nezavisno od inicijalnih vrednosti (Slika 5)
[12,20-21].

ANTIISCHEMIC THERAPY IN TREATING CHRONIC CORONARY SYNDROME

A significant reduction in the frequency of anginal
attacks — and consequently, in the use of nitroglycer-
in — was also recorded in a large study by Stone et al,,
wherein ranolazine was added to the therapy of pa-
tients already receiving amlodipine monotherapy at
the maximum daily dose. Interestingly, patients with
more severe forms of angina experienced a more pro-
nounced therapeutic effect without hemodynamic
changes [19].

The anti-ischemic effect is consistent across all sub-
groups of patients with chronic angina, including pa-
tients with diabetes, in whom - besides the sustained
antianginal effect in terms of reduced frequency of
angina attacks and nitroglycerin use during treatment
- a more favorable metabolic profile and a reduction
in HbA1c were observed, regardless of baseline values
(Figure 5) [12,20-21].

The results of the ROLE (Ranolazine Open Label Ex-
perience) study, which included 746 patients with chron-
ic angina, confirmed the long-term safety of ranolazine
use in this population. Treatment was associated with
symptomatic improvement and good tolerance of ther-
apy, with no observed increase in mortality [21].

In addition to patients with chronic angina, pa-
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Slika 5. Preporuke za lecenje hroni¢nog koronarnog sindroma
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TA = arterial blood pressure (Lat. tensio arterialis); BB = beta bloker;
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Figure 5. Treatment recommendations for chronic coronary syndrome
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TA = arterial blood pressure (Lat. tensio arterialis); BB = beta-blocker;
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Rezultati ROLE (Ranolazine Open Label Experience)
studije, koja je obuhvatila 746 pacijenata sa hroni¢cnom
anginom, potvrdili su dugoro¢nu bezbednost primene
ranolazina u ovoj populaciji. LeCenje je bilo pra¢eno
simptomatskim poboljSanjem i dobrom tolerancijom
terapije bez zabelezenog povecanja mortaliteta [21].

Pored pacijenata sa hroni¢cnom anginom, i pacijen-
ti sa akutnom koronarnim sindromima bez elevacije ST
segmenta imaju merljive dobrobiti kada se ranolazin
doda standardnoj antiishemijskoj terapiji. Efekat je
odrziva redukacija simptoma ishemije, bez uticaja na
kardiovaskularni morbiditet i mortalitet kod ovih bo-
lesnika [22]. Zabelezen je pozitivan uticaj ranolazina
na miokardnu perfuziju, pa i pacijenti sa endotelnom
disfunkcijom ostvaruju jasno subjektivno i objektivno
poboljsanje u smislu simptomatskog olak3anja tegoba
i popravljanja ishemijskog deficita [23].

O sveukupnoj koristi optimizacije antianginozne
terapije ranolazinom svedodi i nedavna ekonomska
metaanaliza koja je obuhvatila sedam studija. Ova ana-
liza potvrduje jasnu finansijsku korist za zdravstveni
sistem kroz primenu ranolazina kao dodatka konven-
cionalnoj antiishemijskoj terapiji, bar u prvoj godini
leCenja [24].

Osim kod HFrEF, koja najcesce nastaje kao kompli-
kacija koronarne bolesti, merljivi su efekti ranolazina i
kod HFpEF. Majer i saradnici su, u pilot studiji na 20
pacijenata sa HFpEF, lecenih intravenskom infuzijom
ranolazina, registrovali akutno poboljsanje hemodi-
namskih (LVEDP, PCWP, MPAP) ali ne i parametara dija-
stolne funkcije. Sa druge strane, metaanaliza koja je
obuhvatila osam randomizovanih studija sa prilicno
heterogenom populacijom sa HFpEF (ishemijska bolest
srca, dijabetes, hipertroficna kardiomiopatija), osim
poboljsanja hemodinamike kod pacijenata lecenih ra-
nolazinom, isti¢e i pozitivan uticaj leka na parametre
dijastolne funkcije (LVEDV, E/e') bez izazivanja hemodi-
namske i elektri¢ne nestabilnosti [25-26].

lako je poznato da ranolazin produzava QT interval
u EKG zapisu, kao i da se produzetak korigovanog QT
intervala (QTc) krec¢e od prosec¢nih 6 ms pa sve do 15
ms u 5 % pacijenata, klinicko iskustvo nije ukazalo na
povecanije rizika od proaritmija ili naprasnog umiranja
kod pacijenata le¢enih ranolazinom [4,17]. Stavise, re-
zultati RAID studije koja je ukljucila pacijente sa ugra-
denim implantabilnim kardioverter defibrilatorom
(engl. implantable cardioverter defibrillator - ICD), jasno
isticu efekat ranolazina na elektri¢cnu nestabilnost u
smislu  smanjenja broja epizoda ventrikularne tahi-
kardije kod visokorizi¢nih pacijenata, a narocitu korist
su imali pacijenti sa nadogradenim biventrikularnim
pejsmejkerom, tzv. CRT-om (engl. cardiac resynchro-
nization therapy), pacijenti kod kojih nije zabelezena

tients with non-ST-segment elevation acute coronary
syndromes also experience measurable benefits when
ranolazine is added to standard anti-ischemic therapy.
The effect is a sustained reduction of ischemic symp-
toms, without impact on cardiovascular morbidity
and mortality in these patients [22]. A positive effect
of ranolazine on myocardial perfusion has been ob-
served, and even patients with endothelial dysfunc-
tion have achieved clear subjective and objective ben-
efits in terms of symptom relief and improvement of
ischemic deficit [23].

The overall benefit of optimizing antianginal ther-
apy with ranolazine is substantiated by a recent eco-
nomic meta-analysis that included seven studies. This
analysis confirms a clear financial benefit for the health
system through the application of ranolazine as an ad-
junct to conventional anti-ischemic therapy, at least in
the first year of treatment [24].

In addition to HFrEF, which most often occurs as a
complication of coronary disease, the effects of ranola-
zine are also measurable in HFpEF. In a pilot study
involving 20 patients with HFpEF treated with intra-
venous ranolazine, Maier et al. registered an acute im-
provement in hemodynamic (LVEDP, PCWP, MPAP) but
not diastolic function parameters. On the other hand, a
meta-analysis that included eight randomized studies
with a rather heterogeneous population with HFpEF
(ischemic heart disease, diabetes, hypertrophic car-
diomyopathy), in addition to the improvement of he-
modynamics in patients treated with ranolazine, also
highlights the positive effect of the drug on diastolic
function parameters (LVEDV, E/e'), without causing he-
modynamic and electrical instability [25-26].

Although it is known that ranolazine prolongs the
QT interval in the ECG recording, and that the prolon-
gation of the corrected QT interval (QTc) ranges from
an average of 6 ms up to 15 ms in 5% of patients, clin-
ical experience has not indicated an increase in the
risk of proarrhythmias or sudden death in patients
treated with ranolazine [4,17]. Moreover, the results of
the RAID study, which included patients with an im-
plantable cardioverter defibrillator (ICD), clearly high-
light the effect of ranolazine on electrical instability in
terms of reducing the number of episodes of ventric-
ular tachycardia in high-risk patients, while particular
benefits were observed in patients with an upgraded
biventricular pacemaker, the so-called by CRT (cardi-
ac resynchronization therapy), patients in whom atrial
fibrillation was not recorded, and in patients without
concomitant antiarrhythmic therapy [27].

Precisely because of its mechanism of action,
ranolazine has the potential to prevent the occurrence
of not only ventricular, but also atrial arrhythmias, such

SERBIAN JOURNAL OF THE MEeDICAL CHAMBER | Volume 6 /No. 2 | June 2025

203



Pandrc M. i Kostovski V.

ANTIISHEMIJSKA TERAPLJA U LECENJU HRONICNOG KORONARNOG SINDROMA

atrijalna fibrilacija i pacijenti bez konkomitantne antia-
ritmijske terapije [27].

Upravo zbog svog mehanizma delovanja, ranolazin
ima potencijal da prevenira nastanak, ne samo komor-
skih, ve¢ i pretkomorskih aritmija, kakva je atrijalna fi-
brilacija (AF), i ima narocito znac¢ajno mesto u kontroli
ritma kod pacijenata sa paroksizmalnom atrijalnom fi-
brilacijom i razli¢itim klinickim stanjima.

Rezultati metaanalize Leelapatane i saradnika, koja
je ukljucila pacijente sa AF i sistolnom disfunkcijom,
jasno isticu sinergisticki efekat ranolazina u kombina-
ciji sa amiodaronom na Na struje, 5to rezultira poveca-
njem ucestalosti i brzine konverzije AF u sinusni ritam,
uz optimalan bezbedonosni profil [28].

Konzistentan efekat u prevenciji nastanka posto-
perativne atrijalne fibrilacije komparabilan efektu ami-
odarona, ranolazin pokazuje i kod hiruski revaskulari-
zovanih pacijenata, bez razlike u u€estalosti nezeljenih
dogadaja [29].

ZAKLJUCAK

Optimalna terapija angine se ne moze zamisliti bez po-
slednje generacije antiishemsijkih lekova sa ¢elijskim
mehanizmom delovanja, kojim se postize smanjenje
ishemije na nivou miocita. Ranolazin je prvi inhibitor
kasne natrijumske struje, dokazano efikasan i bezbe-
dan, kojim se postize smanjenje ulestalosti stenokar-
dija, bolja tolerancija napora, unapreden kvalitet Zivo-
ta i poboljsano prezZivljavanje uz pozitivan metabolicki
profil (redukcija HbA1C), a bez uticaja na hemodinami-
ku, odnosno puls i pritisak.

Ranolazin, dakle, nije,rezervnilek”; optimalan je za
pojedine podgrupe pacijenata, kakvi su pacijenti sa di-
jabetesom, mikrovaskularnom bole3¢u, hipotenzijom
i bradikardijom, gde se pokazao efikasan, kako u mo-
noterapiji, tako i u kombinaciji sa beta blokatorom ili
kalcijumskim antagonistom.

Sukob interesa: Nije prijavljen.
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as atrial fibrillation (AF), and has a particularly import-
ant place in rhythm control in patients with paroxys-
mal atrial fibrillation and various clinical conditions.

The results of the meta-analysis by Leelapatana
et al., which included patients with AF and systolic
dysfunction, clearly highlight the synergistic effect
of ranolazine in combination with amiodarone on Na
currents, resulting in an increase in the frequency and
speed of conversion of AF to sinus rhythm, with an op-
timal safety profile [28].

Ranolazine has demonstrated a consistent effect in
the prevention of postoperative atrial fibrillation com-
parable to the effect of amiodarone in surgically revas-
cularized patients, without a change in the frequency
of adverse events [29].

CONCLUSION

Optimum therapy of angina cannot be conceived with-
out the latest generation of anti-ischemic drugs that
have a cellular mechanism of action, which achieves re-
duction of ischemia at the myocyte level. Ranolazine is
the first late sodium current inhibitor, proven effective
and safe, which achieves a reduction in the frequency
of angina pectoris, better exercise tolerance, improved
quality of life, and improved survival, with a positive
metabolic profile (reduction of HbA1C), without affect-
ing hemodynamics, i.e. heart rate and blood pressure.

Ranolazine, therefore, is not a “backup drug”; it is
optimal for certain patient subgroups, such as those
with diabetes, microvascular disease, hypotension,
and bradycardia, where it has proven effective both as
monotherapy and in combination with a beta-blocker
or calcium channel blocker.
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SAZETAK

Mezenhimalne maticne celije (MMC; engl. mesenchymal stem cells - MSC) su éelije
koje imaju veliki terapijski potencijal u regenerativnoj medicini, prevashodno za-
hvaljujudi svojoj sposobnosti samoobnavljanja i diferencijacije u razlicite tipove
Celija. Imunomodulatorna svojstva ovih ¢elija omogucavaju im da requliSu proces
inflamacije, u zavisnosti od interakcije sa celijama imunskog sistema. Makrofagi,
koji su deo urodenog imunskog sistema, mogu da ispoljavaju proinflamatorni M1
ili antiinflamatorni M2 fenotip i uticu na imunski odgovor i homeostazu tkiva.
Mezenhimalne maticne celije uticu na polarizaciju makrofaga, ¢ime moduliSu
njihove efektorske funkcije. S druge strane, makrofagi mogu da uticu na potenci-
jal za diferencijaciju mezenhimalnih maticnih celija i njihovu imunoregulatornu
funkciju. Interakcija izmedu mezenhimalnih maticnih celija i makrofaga, kao
i njihova interakcija sa razliitim imunskim i neimunskim celijama, ukazuje na
slozenost procesa unutar inflamatorne mikrosredine. Interakcija izmedu ovih ce-
lija je od sustinskog znacaja za proces reparacije tkiva. U ovom kratkom pregledu
nastojacemo da objasnimo znadaj interakcije mezenhimalnih maticnih celija i
makrofaga u nekim bolestima povezanim sa upalom, sa posebnim naglaskom na
kljucnu ulogu inflamatorne mikrosredine i terapijski potencijal ovih celija.
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ABSTRACT

Mesenchymal stem cells (MSCs) are cells with significant therapeutic potential in
regenerative medicine, primarily due to their capacity for self-renewal and dif-
ferentiation into various cell types. The immunomodulatory properties of these
cells enable them to regulate the inflammatory process, depending on their in-
teraction with immune system cells. Macrophages, which are part of the innate
immune system, can exhibit a pro-inflammatory M1 or an anti-inflammatory M2
phenotype, thereby influencing the immune response and tissue homeostasis.
Mesenchymal stem cells affect macrophage polarization, thus modulating their
effector functions. Conversely, macrophages can influence the differentiation
potential of mesenchymal stem cells and their immunoregulatory function. The
interaction between mesenchymal stem cells and macrophages, as well as their
interaction with various immune and non-immune cells, highlights the com-
plexity of processes within the inflammatory microenvironment. The interaction
between these cells is essential for the tissue repair process. This brief review
aims to analyze the importance of the interaction between mesenchymal stem
cells and macrophages in certain inflammation-associated diseases, with special
emphasis on the key role of the inflammatory microenvironment and the thera-
peutic potential of these cells.
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uvoD

Mezenhimalne mati¢ne ¢elije (MMC; engl. mesenchy-
mal stem cells - MSC) su multipotentne mati¢ne celije
koje poseduju sposobnost samoobnavljanja i diferen-
cijacije. lako se MMC mogu izdvojiti iz gotovo svih tkiva
u ljudskom telu, glavni izvori su kostana srz i masno tki-
vo. MMC se mogu diferencirati u vise ¢elijskih linija, uk-
ljuc¢ujudi osteoblaste, hondrocite, miocite i adipocite,
$to omogucava njihovu primenu u regenerativnoj me-
dicini i terapiji bolesti [1]. MMC mogu da komunicira-
ju sa imunskim ¢celijama putem sekrecije regulatornih
molekula i citokina, kao i putem direktnih meducelij-
skih kontakata [2]. Zbog svog uticaja na ¢elije adaptiv-
nog i urodenog imuniteta, narocito makrofage, prime-
njuju se u terapiji brojnih imunoloskih poremedaja [3].

Poznato je da dolazi do akumulacije mezenhimal-
nih mati¢nih celija na mestu povrede gde one zapo-
¢inju proces reparacije zahvaljujuci svojim izuzetnim
imunomodulatornim svojstvima [4]. U zavisnosti od
razlic¢itih stimulansa, mezenhimalne mati¢ne ¢celije
mogu biti proinflamatorne (MSCT) ili antiinflamatorne
(MSC2). Kada se aktiviraju stimulusima kao $to su hi-
poksija, citokinska mikrosredina i ligandi za receptore
slicne ,toll-u”, MMC proizvode razli¢ite imunomodula-
tore, ukljucujuci azot-monoksid (NO), indolamin 2,3-di-
oksigenazu (IDO), prostaglandin E2 (PGE2), interleukin
(IL)-6i1L-10[5]. Poznato je da MMC igraju klju¢nu ulogu
kao imunosupresivne ¢elije putem produkcije moleku-
la kao $to su PGE2 i protein gena 6 stimulisan faktorom
nekroze tumora (engl. tumor necrosis factor-stimulated
gene 6 protein - TSG-6) [6].

Makrofagi, kao ¢elije urodenog imunskog sistema,
predstavljaju klju¢nu komponentu prve linije odbrane
protiv patogena i ¢elija tumora [7]. To su veoma plastic-
ne Celije koje mogu poprimiti razlicite fenotipe aktiva-
cije sa specificnim efektorskim funkcijama kao odgovor
na razlicite stimuluse iz okolne mikrosredine. lako su
makrofagi standardno klasifikovani u dve kategorije
- M1 proinflamatorni makrofagi i M2 antiinflamatorni
makrofagi sa sposobnostima reparacije tkiva — najnovija
dostignuca u tehnologijiama sekvenciranja na nivou po-
jedinacnih celija otkrila su mnogo Siri spektar stanja akti-
vacije makrofaga, koji prevazilazi ovu pojednostavljenu
podelu [8]. Migracija makrofaga ka mestu inflamacije,
gde vrie fagocitozu ostecenih ili mrtvih celija, od sustin-
skog je znacaja za homeostazu i regeneraciju tkiva [7].
U pocetnoj fazi inflamatornog procesa, makrofagi pre-
tezno ispoljavaju proinflamatorne karakteristike, odno-
sno M1-nalik fenotip, lucedi faktor nekroze tumora-alfa
(engl. tumor necrosis factor-alpha — TNF-a), IL-13 i IL-12.

Medutim, kako bi se sprecilo ostecenje tkiva u uslo-
vima akutne inflamacije, M2-nalik makrofagi luce veli-
ke koli¢ine interleukina 10 (IL-10) i faktora rasta tumo-

INTRODUCTION

Mesenchymal stem cells (MSCs) are multipotent stem
cells that possess self-renewal and differentiation ca-
pacities. Although MSCs can be obtained from almost
all tissues within the human body, the main sources
are the bone marrow and adipose tissue. MSCs can
differentiate into multiple cell lineages, including os-
teoblasts, chondrocytes, myocytes, and adipocytes,
which enables their applicability in regenerative med-
icine and disease therapy [1]. MSCs can interact with
immune cells by secreting regulatory molecules and
cytokines or via cell-to-cell contacts [2]. Due to their
effect on adaptive and innate immune cells, especial-
ly macrophages, they have been applied in many im-
mune disorders [3].

Itis known that MSCs accumulate at the injured site
and initiate the repair process due to their remarkable
immunomodulatory properties [4]. Depending on dif-
ferent stimuli, MSCs can be proinflammatory (MSC1),
or anti-inflammatory (MSC2). Once they are activated
with stimuli such as hypoxia, the cytokine milieu, and
toll-like receptor ligands, MSCs produce various immu-
nomodaulators, including nitric oxide (NO), indoleam-
ine 2,3-dioxygenase (IDO), prostaglandin E2 (PGE2),
interleukin (IL)-6, and IL-10 [5]. MSCs are known to play
a crucial role as immunosuppressive cells by producing
molecules like PGE2 and tumor necrosis factor-stimu-
lated gene 6 protein (TSG-6) [6].

Macrophages, as cells of the innate immune sys-
tem, are an essential component of the first line of de-
fense against pathogens and tumor cells [7]. These are
highly plastic cells that can adopt different activation
phenotypes with distinct effector functions as a result
of diverse stimuli from the surrounding microenviron-
ment. Although macrophages have traditionally been
classified into two categories, M1 proinflammatory
macrophages and M2 anti-inflammatory macrophages
with tissue repair capabilities, recent advancements in
single-cell technologies have revealed a wider range
of macrophage activation states that extend beyond
this simplified classification [8]. Their migration to the
inflammatory site, where they perform phagocytosis of
damaged or dead cells, is crucial for tissue homeostasis
and regeneration [7]. In the initial phase of an inflamma-
tory process, macrophages primarily exhibit pro-inflam-
matory characteristics, the M1-like phenotype, by se-
creting tumor necrosis factor a (TNF-a), IL-13, and IL-12.

However, to prevent tissue damage in acute in-
flammatory conditions, M2-like macrophages secrete
copious amounts of IL-10 and tumor growth factor 3
(TGF-B), thus contributing to the resolution of inflam-
mation and tissue regeneration, stimulating angio-
genesis, and maintaining tissue homeostasis [9]. In
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ra-beta (engl. tumor growth factor-beta — TGF-f), ¢ime
doprinose razresenju inflamacije i regeneraciji tkiva,
stimuliu angiogenezu i odrzavaju homeostazu tkiva
[9]. Takode, makrofagi imaju i klju¢nu ulogu u imuno-
modulaciji i prezentaciji antigena [10]. Oni aktiviraju
druge imunske ¢elije putem lu¢enja proinflamatornih
citokina kao $to su IL-1B, TNF-q, IL-6, kao i drugih ra-
stvorljivih faktora [7].

Interakcija izmedu mezenhimalnih mati¢nih ¢elija
i makrofaga vazna je u mnogim aspektima, ukljucujudi
reparaciju tkiva, imunsku modulaciju i terapijske inter-
vencije. Konkretno, MMC dovode do promene u polari-
zaciji makrofaga sa M1 proinflamatornog na M2 antiin-
flamatorni fenotip (Slika 1), Sto je pokazano na in vitro
modelu koji su sproveli Kim i saradnici [11]. Utvrdeno je
da MMC mogu da prouzrokuju polarizaciju makrofaga
i njihovu transformaciju od inflamatornog M1 u antiin-
flamatorni M2 fenotip pomocu ciklooksigenaza-2-pro-
staglandin E2 (engl. cyclooxygenase-2-prostaglandin E2
— COX2-PGE2) puta, kao i putem proizvoda indoleamin
2,3-dioksigenaze (IDO) i TSG-6 [12]. MMC mogu biti
fagocitovane od strane makrofaga i mogu pasivno da
uti¢u na njihov profil, suzbijajuéi proizvodnju TNF-a, IL-
1B, IL-6 i inducibilne azot oksid sintaze (iNOS), istovre-
meno podsti¢uci proizvodnju IL-10 [13]. Takode, MMC
mogu da pojacaju fagocitozu makrofaga putem tran-
sfera mitohondrija u odredenim bolestima, kao $to su
akutni respiratorni distres sindrom i sepsa [14]. Pored
toga, u inflamatornoj mikrosredini MMC proizvode ci-
tokine kao $to je monocitni hemoatraktantni protein-1
(engl. monocyte chemoattractant protein-1 — MCP-1),
makrofagni inflamatorni protein-1 alfa (engl. macrop-
hage inflammatory protein-1 alpha — MIP-1a) i hemokin
(C-C motiv) ligand 12 (engl. C-C motif chemokine ligand
12 — CCL12), ¢Cime pospesuju hemotaksiju monocita i
makrofaga koji imaju ulogu u zarastanju rana [15].
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addition, macrophages also have a critical role in im-
munomodulation and antigen presentation [10]. They
activate other immune cells via the secretion of proin-
flammatory cytokines such as IL-13, TNF-q, IL-6, as well
as other soluble factors [7].

The interaction between mesenchymal stem cells
and macrophages is important in many respects, in-
cluding tissue repair, immune modulation, and thera-
peutic intervention. Specifically, MSCs lead to changes
in macrophage polarization from the M1 pro-inflam-
matory to the M2 anti-inflammatory phenotype (Figure
1), as Kim et al. demonstrated in an in vitro model [11].
It has been shown that MSCs can trigger macrophage
polarization and transform them from an inflammatory
M1 to an anti-inflammatory M2 phenotype via the cy-
clooxygenase-2-prostaglandin E2 (COX2-PGE2) path-
way, the products of IDO, and TSG-6 [12]. MSCs can
be phagocytosed by macrophages and can passively
affect the profile of macrophages, suppressing the pro-
duction of TNF-q, IL-1f, IL-6, and inducible nitric oxide
synthase (iNOS) and promoting the production of IL-10
[13]. MSCs can also enhance macrophage phagocyto-
sis via mitochondrial transfer in some diseases, such
as acute respiratory distress syndrome and sepsis [14].
Furthermore, in the inflammatory microenvironment,
MSCs produce cytokines, such as monocyte chemoat-
tractant protein-1 (MCP-1), macrophage inflammatory
protein-1 alpha (MIP-1 a), and C-C motif chemokine
ligand 12 (CCL12), thus leading to the chemoattrac-
tion of monocytes and macrophages that play a role in
wound healing [15].

In the inflammatory microenvironment, through
cytokine production, MSCs influence monocyte che-
motaxis, favoring M2 phenotypes, which consequently
leads to immunosuppression and resolution of inflam-
mation. In the tumor microenvironment, MSCs influ-

Tumor microenvironment

Mi : ¢ during infl

DO Monocytes

r TNF.a
o =
IL-12

g‘ chemotaxis =y \,;,_k-fm;‘;';l TAM

l ",/ ’Mgé\
@ U . : @ .
( 1L-10 MCP-1,3,5

CAFs

Figure 1. Interaction between mesenchymal stem cells and macrophages in in-
flammation and tumor microenvironments
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U inflamatornoj mikrosredini, putem produkcije
citokina, mezenhimalne mati¢ne celije uti¢u na hemo-
taksu monocita, favorizujuci M2 fenotipove, sto za po-
sledicu ima imunosupresiju i razreSavanje inflamacije.
U tumorskoj mikrosredini, MMC uti¢u na formiranje
makrofaga povezanih sa tumorom (engl. tumor-asso-
ciated macrophages — TAM), koji su pretezno M2 feno-
tipovi, a pod njihovim uticajem MMC mogu da se dife-
renciraju u fibroblaste povezane sa karcinomom (engl.
carcinoma-associated fibroblasts — CAF), dodatno pos-
pesujuci progresiju tumora.

Interakcija izmedu mezenhimalnih mati¢nih
c¢elija i makrofaga u inflamatornim stanjima -
dijabetes melitus i psorijaza kao modeli bolesti

U hroni¢nim zapaljenskim stanjima koja dovode do
hroni¢nih bolesti, kao 5to su dijabetes melitus (hroni¢ni
metabolicki poremecaj karakterisan niskogradusnom
inflamacijom) i psorijaza (inflamatorno imunolosko
oboljenje koze), dolazi do narusavanja ravnoteze izme-
du M1-nalik i M2-nalik tipova makrofaga, $sto moze ima-
ti za posledicu trajno ostecenje tkiva [16, 17]. Pokazano
je da je insulinska rezistencija, koja se Cesto javlja pre
pojave dijabetesa tipa 2 (diabetes mellitus tip Il - DMT?2),
u osnovi pokrenuta hroni¢nim, niskogradusnim infla-
matornim stanjem [18]. Konkretno, TNF-a i IL-13 koje
produkuju makrofagi u masnom tkivu, a koji ispoljavaju
karakteristike M1 tipa makrofaga, identifikovani su kao
klju¢ni faktori u razvoju insulinske rezistencije [19]. Kod
pacijenata sa dijabetesom tipa 1, izazvanim imunskim
odgovorom, studije su pokazale povecan broj M1-nalik
makrofaga. Istovremeno, dokazano je da misevi sa dija-
betesom imaju povecan broj CD169+ Celija sa sposob-
nosc¢u zadrzavanja matic¢nih celija. Takode je pokazano
da dijabetes uti¢e na oslobadanje maticnih celija putem
faktora izvedenog iz stromalnih ¢elija-1 (engl. stromal
cell-derived factor-1 — SDF-1), koji lu¢e M1-nalik makro-
fagi, Sto sprecava oslobadanje mezenhimalnih mati¢nih
Celija iz koStane srzi, stvarajudi tako zacarani krug. Zbog
ovog procesa, potencijal mezenhimalnih mati¢nih celija
za regeneraciju krvnih sudova i drugih organa dodatno
je oslabljen [20]. Stoga je hitno i vazno iskoristiti poten-
cijal ciljane terapije u kontrolisanju ravnoteze izmedu
makrofaga i mezenhimalnih mati¢nih celija i smanjenju
komorbiditeta izazvanih osnovnom boles¢u.

Novije studije su pokazale da mezenhimalne ma-
ticne celije kod pacijenata sa psorijazom ispoljavaju
odredene abnormalnosti. Ove ¢celije imaju smanjenu
sposobnost regulacije inflamacije i regeneracije. Or-
ciani i saradnici su pokazali da mezenhimalne mati¢ne
Celije izolovane iz psorijati¢nih koznih lezija ispoljavaju
povecanu ekspresiju vaskularnog endotelnog faktora
rasta (engl. vascular endothelial growth factor - VEGF) i

ence the formation of tumor-associated macrophages
(TAMs), which are predominantly M2 phenotypes, and
under their influence, MSCs may differentiate into car-
cinoma-associated fibroblasts (CAFs), further support-
ing tumor progression.

Interaction between mesenchymal stem cells
and macrophages in inflammatory conditions
- diabetes mellitus and psoriasis as disease
model systems

In chronic inflammatory conditions that lead to
chronic diseases, such as diabetes mellitus (a chron-
ic metabolic disorder characterized by low-grade in-
flammation) and psoriasis (an inflammatory immune
skin disease), there is a disrupted balance between
M1-like and M2-like macrophage types, which can
result in permanent tissue damage [16,17]. It has
been shown that insulin resistance, which frequently
occurs before the onset of type 2 diabetes (diabetes
mellitus type Il - DMT2), is fundamentally driven by
a chronic, low-grade inflammatory state [18]. Specif-
ically, TNF-a and IL-13 produced by adipose tissue
macrophages, which exhibit characteristics of the M1
macrophage type, have been identified as key fac-
tors in the development of insulin resistance [19]. In
patients with type 1 diabetes caused by an immune
response, studies have shown increased M1-like mac-
rophages. At the same time, it has been demonstrated
that diabetic mice have increased CD169+ cells with
stem cell retaining activity. It has also been shown
that diabetes affects the release of stem cells via the
stromal cell-derived factor-1 (SDF-1) secreted by M1-
like macrophages, which prevents the release of MSCs
from the bone marrow, resulting in a vicious cycle.
Due to this process, the potential of MSCs to regener-
ate blood vessels and other organs is further impaired
[20]. Therefore, it is urgent and important to utilize
the potential of targeted therapies in controlling the
balance between macrophages and MSCs and reduc-
ing comorbidities caused by the underlying disease.
Recent studies have shown that, in patients with
psoriasis, MSCs exhibit abnormalities. These cells have
a reduced ability to regulate inflammation and regen-
eration. Orciani et al. demonstrated that MSCs isolat-
ed from psoriatic skin lesions exhibit increased ex-
pression of vascular endothelial growth factor (VEGF)
and inducible nitric oxide synthase (iNOS) [21]. Jiao et
al. demonstrated that MSCs from skin lesions of pso-
riasis patients decreased the levels of TGF- and its
receptors, thus increasing the Th17/Treg ratio, which
resulted in an immune imbalance in these patients
[22]. MSCs isolated from the bone marrow of psoriasis
patients also exhibited abnormalities. This aligns with
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inducibilne azot oksid sintaze (iNOS) [21]. Zao i sarad-
nici su pokazali da MMC iz koznih lezija pacijenata sa
psorijazom smanjuju nivoe TGF-f3 i njegovih receptora,
¢ime se povecava odnos Th17/Treg Celija, Sto ima za po-
sledicu imunsku neravnotezu kod ovih pacijenata [22].
MMC izolovane iz kostane srzi pacijenata sa psorijazom
takode su pokazale abnormalnosti. Ovo je u skladu sa
istrazivanjima koja ukazuju na to da je psorijaza pove-
zana sa poreme¢enom hematopoezom [23].

Takode je primeceno da je hronic¢ni psiholo3ki stres
jedan od glavnih faktora u razvoju psorijaze i da isto-
vremeno dovodi do razvoja stresne eritropoeze, uz
sledstvene promene unutar mikrosredine kostane srzi
[24,25,26]. Mezenhimalne mati¢ne celije i njihove inte-
rakcije sa ¢elijama imunskog sistema mogu biti kljucni
ucesnici u patogenezi ove bolesti.

Sa druge strane, psorijati¢ne lezije pretezno sadrze
M1-nalik makrofage za koje je pokazano da lu¢e TNF-a
i IL-23 [16]. Medutim, u misjem modelu psorijaze doka-
zano je da M2 fenotip ima regulatornu ulogu [26]. Neke
studije sugerisu da deplecija makrofaga smanjuje infla-
maciju [27]. Nasuprot tome, druge studije na miSevima
pokazale su da stimulacija glukokortikoidnih recepto-
ra u makrofagima dovodi do polarizacije ka M1-nalik
fenotipu putem fosforilacije prenosioca signala i akti-
vatora transkripcije 1 (engl. signal transducer and acti-
vator of transcription 1 - STATT), dok blokiranje ovog si-
gnalnog puta smanjuje inflamaciju, $to dodatno istice
znacaj stresa u razvoju psorijaze [28]. Postoji ogranicen
broj istrazivanja koja naglasavaju znacaj interakcije iz-
medu MMC i makrofaga u patogenezi psorijaze. Ipak,
studije ukazuju na terapijski potencijal MMC zasnovan
na njihovoj sposobnosti da moduliSu imunski odgovor
regulacijom polarizacije makrofaga.

Interakcija izmedu mezenhimalnih mati¢nih
¢elija i makrofaga u tumorskoj mikrosredini

Neke hipoteze zastupaju stanoviste da se karcinoge-
neza i rast tumora zasnivaju na hroni¢noj inflamaciji,
koja narusava ravnotezu izmedu proinflamatornih i an-
tiinflamatornih odgovora. Takva neravnoteza narusa-
va adekvatan imunski odgovor u eliminaciji tumorskih
Celija, stvarajudi time povoljne uslove za rast tumora
[29]. Brojne savremene studije isticu znacajnu ulogu
mezenhimalnih mati¢nih ¢elija, makrofaga i njihovih
interakcija u razvoju tumora, $to proizilazi iz njihovih
imunomodulatornih sposobnosti. Pored interakcije
sa T i B limfocitima tokom karcinogeneze, MMC tako-
de ostvaruju interakcije sa makrofagima, modulisuci
njihovu aktivnost. Za razliku od procesa inflamacije,
gde prelazak sa M1-nalik na M2-nalik makrofage vodi
ka razresavanju inflamacije, u tumorskoj mikrosredini
M2-nalik makrofagi doprinose progresiji raka (Slika 1).

research suggesting that psoriasis is associated with
aberrant hematopoiesis [23].

It has also been noted that chronic psychological
stress is one of the main factors in the development
of psoriasis and that it simultaneously leads to the de-
velopment of stress erythropoiesis with subsequent
changes within the bone marrow microenvironment
[24,25,26]. MSCs and their interactions with immune
system cells may be the key players in the pathogen-
esis of this disease.

On the other hand, psoriatic lesions predominantly
feature M1-like macrophages, which have been shown
to secrete TNF-a and IL-23 [16]. However, in a mouse
model of psoriasis, it has been demonstrated that
the M2 phenotype plays a regulatory role [26]. Some
studies suggest that macrophage depletion reduces
inflammation [27]. In contrast, other studies on mice
have demonstrated that the stimulation of glucocorti-
coid receptors in macrophages leads to M1-like macro-
phage polarization via phosphorylation of signal trans-
ducer and activator of transcription 1 (STAT1), whereas
blocking this signaling pathway reduces inflammation,
further highlighting the importance of stress in the
development of psoriasis [28]. There is a limited body
of research emphasizing the significance of MSC-mac-
rophage interactions in the pathogenesis of psoriasis.
Nonetheless, studies suggest a therapeutic potential of
MSCs based on their ability to modulate the immune
response by regulating macrophage polarization.

Interaction between mesenchymal stem
cells and macrophages in the tumor
microenvironment

Some hypotheses state that carcinogenesis and tu-
mor growth are based on chronic inflammation,
which disrupts the balance between proinflammatory
and anti-inflammatory responses. Such an imbalance
impairs an adequate immune response in eliminating
tumor cells, thereby creating favorable conditions for
tumor growth [29]. Many recent studies have high-
lighted the significant role of MSCs, macrophages,
and their interactions in tumor development, due to
their immunomodulatory capabilities. In addition to
interacting with T and B lymphocytes during carcino-
genesis, MSCs also establish interactions with macro-
phages, modulating their activity. Unlike the inflam-
mation process, where the transition from M1-like to
M2-like macrophage types leads to the resolution of
the inflammatory process in the tumor microenviron-
ment, M2-like macrophages contribute to cancer pro-
gression (Figure 1).

A special type of macrophage is present within the
tumor microenvironment — tumor-associated macro-
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Poseban tip makrofaga prisutan je u tumorskoj mi-
krosredini — makrofagi povezani sa tumorom (TAM). Ovi
makrofagi mogu da ispoljavaju fenotipske karakteristi-
ke i M1-nalik i M2-nalik makrofaga i predstavljaju zna-
¢ajnu komponentu imunskog sistema i same tumorske
mikrosredine [30]. Istrazivanja su pokazala da M1-nalik
makrofagi mogu da eliminidu tumorske celije putem
fagocitoze ili aktivacijom T-Celijskog odgovora [31].

Nasuprot tome, M2-nalik makrofagi imaju klju¢nu
ulogu u progresiji tumora jer lu¢e matriksne metalopro-
teinaze, cime omogucdavaju migraciju tumorskih celija i
stromalnih celija tumora. Takode podsti¢u angiogene-
zu oslobadanjem angiogenih molekula i ekspresijom
niza enzima uklju¢enih u regulaciju angiogeneze [30].
M2-nalik makrofage karakterise povecana ekspresija
L-arginaze, IL-10 i liganda proteina programirane celij-
ske smrti 1 (engl. programmed cell death ligand 1 - PD-
L1), sto dovodi do imunosupresije i potiskivanja funkci-
jeT-Celija i kao krajnji rezultat podstice rast tumora [32].
Makrofagi uticu na mezenhimalne mati¢ne celije da
poprime fenotip fibroblasta povezanih sa karcinomom
(CAF), ¢ime dodatno pospesuju progresiju karcinoma.

Mezenhimalne mati¢ne celije, u kombinaciji sa iz-
menjenim uslovima unutar tumorske mikrosredine,
doprinose formiranju makrofaga povezanih sa tumo-
rom (TAM). MMC putem prostaglandina E2 (PGE2) i ki-
nurenina, zajedno sa MIP-1a i MIP-2q, koje produkuju
inflamatorni makrofagi, doprinose transformaciji infla-
matornih M1-nalik makrofaga u alternativno aktivisa-
ne, imunosupresivne M2-nalik makrofage [34]. Na taj
nacin, MMC i izmenjeni uslovi unutar tumorske mikro-
sredine modulisu aktivnost makrofaga.

Studije na modelima melanoma B16 FO i limfoma
EL4 pokazale su da egzozomi poreklom iz tumorskih
Celija utiCcu na mezenhimalne mati¢ne ¢elije tako da
pojacavaju infiltraciju makrofaga [35]. Nakon infiltra-
cije makrofaga u tumorsku mikrosredinu, oni se pod
uticajem MCP-1, MCP-3 i MCP-5 - produkata MMC - po-
larizuju u M2 tumorske fenotipove [36]. S druge stra-
ne, kod karcinoma dojke, produkti MMC - TGF-B, C1q i
semaforini — doprinose M2 polarizaciji makrofaga [32].
Kao $to je pokazano, hroni¢ni stres je jedan od faktora
koji doprinosi razvoju karcinoma [37].

Jang i saradnici su pokazali da stres uti¢e na polari-
zaciju makrofaga, ¢ime ima uticaj na razvoj karcinoma
[38]. S druge strane, in vivo studije su pokazale da me-
dijatori stresa uti¢u na meducelijsku interakciju izmedu
mezenhimalnih mati¢nih celija i makrofaga [39].

TERAPLJSKI POTENCIJAL

Tokom poslednjih godina znacajna paznja se posve-
Cuje terapijskom potencijalu mezenhimalnih mati¢nih
Celija. Zbog svojih snaznih imunomodulatornih efeka-

phages (TAMs). These macrophages may exhibit phe-
notypic characteristics of both M1-like and M2-like
macrophages and are a significant component of the
immune system and the tumor microenvironment
[30]. Research has shown that M1-like macrophages
can eliminate tumor cells through phagocytosis or by
activating the T-cell response [31].

In contrast, M2-like macrophages play a crucial role
in tumor progression by secreting matrix metallopro-
teinases, facilitating the migration of tumor cells and
tumor stromal cells. They also promote angiogenesis
by releasing angiogenic molecules and expressing a
range of enzymes involved in regulating angiogen-
esis [30]. M2-like macrophages are characterized by
an increased expression of L-arginase, IL-10, and pro-
grammed cell death ligand 1 (PD-L1), which leads to
immunosuppression and suppression of T-cell func-
tions, ultimately promoting tumor growth [32]. Mac-
rophages influence mesenchymal stem cells (MSCs) to
acquire the carcinoma-associated fibroblast (CAF)-like
phenotype, thereby promoting cancer progression.

MSCs, in combination with altered conditions with-
in the tumor microenvironment, contribute to the for-
mation of TAMs. MSCs, via PGE2 and kynurenine, with
MIP-Ta and MIP-2a produced by inflammatory macro-
phages, contribute to the conversion of inflammatory
M1-like macrophages into alternatively activated, im-
munosuppressive M2-like macrophages [34]. In this
way, MSCs and altered conditions within the tumor
microenvironment modulate macrophage activity.

Studies on B16 FO melanoma and EL4 lymphoma
models have demonstrated that exosomes derived
from tumor cells influence MSCs to enhance macro-
phage infiltration [35]. After macrophage infiltration
within the tumor microenvironment, they polarize into
the M2 tumor phenotypes under the influence of MCP-
1, MCP-3, and MCP-5, which are products of MSCs [36].
On the other hand, in breast cancer, MSC products —
TGF-B, C1qg, and semaphorins, contribute to the M2
polarization of macrophages [32]. As has been shown,
chronic stress is one of the factors contributing to can-
cer development [37].

Yang et al. demonstrated that stress influences
macrophage polarization, impacting cancer devel-
opment [38]. On the other hand, in vivo studies have
shown that stress mediators affect the intercellular in-
teraction between MSCs and macrophages [39].

THERAPEUTIC POTENTIAL

In recent years, there has been a significant focus on
the therapeutic potential of MSCs. Due to their strong
immunomodulatory effects, MSCs and their derivatives
show great potential in treating various inflammato-
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ta, MMC i njihovi derivati pokazuju veliki potencijal u
lecenju razlicitih inflamatornih bolesti. Nakon primene,
MMC migriraju ka mestima inflamacije, 3to dodatno
istice njihov potencijal u tretiranju takvih stanja [40].
Medutim, MMC dobijene iz razli¢itih tkiva ispoljavaju
razli¢ite citokine koji uti¢u na njihovimunomodulator-
ni potencijal [41].

Pored samih MMC, brojna istrazivanja sprovedena
su i o terapijskom potencijalu egzozoma mezenhimal-
nih mati¢nih ¢elija. Egzozomi MMC se smatraju potenci-
jalnim nosacima razli¢itih citokina, imunomodulatora,
pa cak i genske terapije. Studije su pokazale terapijski
potencijal MMC u odredenim inflamatornim oboljenji-
ma kroz regulaciju aktivnosti makrofaga. Pokazano je
da PGE2, koji proizvode mezenhimalne mati¢ne celije,
utice na makrofage tako sto stimulise produkciju IL-10
i inhibira diferencijaciju monocita u dendritske ¢elije
[42]. Produkcija PGE2 od strane MMC zavisi od signali-
zacije TNF-a i iNOS iz monocita/makrofaga, sto ukazuje
na slozenost njihovog medusobnog odnosa [43].

In vivo i in vitro studije koje su ispitivale terapijsku
efikasnost mezenhimalnih matic¢nih celija u zarastanju
rana pokazale su da MMC ispoljavaju svoje imunomo-
dulatorne efekte pretezno stimulacijom polarizacije
makrofaga ka M2 fenotipu [44]. Brojne studije takode
potvrduju terapijski potencijal MMC u le¢enju psorija-
ze. Primena MMC ili egzozoma mezenhimalnih mati¢-
nih celija, intravenski ili subkutano, u misjim modeli-
ma psorijaze dovela je do znacajne imunomodulacije
i antiinflamatornih efekata [45]. To se manifestovalo
smanjenjem simptoma psorijaze, normalizacijom di-
ferencijacije epidermisa, redukcijom angiogeneze i hi-
perproliferacije, kao i smanjenjem infiltracije imunskih
¢elija u kozi [42]. Pokazano je da MMC sprecavaju pro-
liferaciju keratinocita inhibicijom produkcije TNF-a od
strane monocita i makrofaga [46].

Sie i saradnici su pokazali da mezenhimalne ma-
ticne celije izolovane iz puplane vrpce smanjuju in-
sulinsku rezistenciju reprogramiranjem makrofaga sa
M1-nalik na M2-nalik tip kod pacova sa dijabetesom
tip 2 [47]. Konkretno, MMC stimuli$u M1-nalik makro-
fage da povecaju ekspresiju IL-6, Sto zatim dovodi do
povecanja ekspresije IL-4 receptora, rezultujudi fosfo-
rilacijom prenosioca signala i aktivatora transkripcije 6
(STAT6) u makrofagima i sledstvenom transformacijom
makrofaga u M2-nalik fenotipove [47]. Sa druge stra-
ne, pokazano je da terapija mezenhimalnim mati¢nim
celijama smanjuje infiltraciju makrofaga smanjenjem
ekspresije MCP-1 [48]. U dijabetesnoj nefropatiji, kosta-
no-celijske MMC, MMC iz pupéane vrpce, kao i njihovi
izvedeni egzozomi i mikroRNK, pokazali su sposobnost
da pojacaju M2 polarizaciju makrofaga, sto dovodi
do proinflamatornog odgovora i smanjuje ostecenje

ry diseases. After application, MSCs migrate to sites
of inflammation, which highlights their potential for
treating such conditions [40]. However, MSCs obtained
from different tissues express different cytokines that
affect theirimmunomodulatory potential [41].

In addition to MSCs, numerous studies have been
conducted on the therapeutic potential of MSC exo-
somes. MSC exosomes are considered to be potential
carriers of various cytokines, immunomodulators, or
even gene therapy. Studies have shown the therapeu-
tic potential of MSCs in certain inflammatory diseases
by regulating macrophage activity. It has been shown
that PGE2, produced by MSCs influences macrophages
by stimulating IL-10 production and inhibiting mono-
cyte differentiation into dendritic cells [42]. The gener-
ation of PGE2 by MSCs is dependent upon TNF-a and
iNOS signaling from monocytes/macrophages, indi-
cating the complexity of their relationship [43].

In vivo and in vitro studies investigating the ther-
apeutic efficacy of MSCs in wound healing have
demonstrated that MSCs exert their immunomodula-
tory effects primarily through the stimulation of M2
macrophage polarization [44]. Many studies have also
substantiated the therapeutic potential of MSCs in
treating psoriasis. The administration of MSCs or MSC
exosomes, intravenously or subcutaneously in psori-
asis mouse models has resulted in significant immu-
nomodulation and anti-inflammatory effects [45]. This
manifested in the reduction of psoriasis symptoms, the
normalization of epidermal differentiation, a reduction
in angiogenesis and hyperproliferation, and a decrease
in immune cell infiltration within the skin [42]. It has
been shown that MSCs prevent keratinocyte prolifera-
tion by inhibiting TNF-a production by monocytes and
macrophages [46].

Xie et al. have demonstrated that MSCs isolated
from the umbilical cord reduce insulin resistance by
reprogramming macrophages from the M1-like to the
M2-like types in rats with type 2 diabetes mellitus [47].
Specifically, MSCs stimulate the M1-like macrophage
phenotypes to increase IL-6 expression, which then
leads to an increase in IL-4 receptor expression, result-
ing in the phosphorylation of signal transducer and ac-
tivator of transcription 6 (STAT6) in macrophages and
the subsequent transformation of macrophages into
the M2-like phenotypes [47]. On the other hand, it has
been shown that MSC treatment reduces macrophage
infiltration by decreasing MCP-1 expression [48]. In
diabetic nephropathy, bone marrow MSCs, umbilical
cord MSCs, and their derived exosomes and microR-
NAs have been shown to enhance macrophage M2
polarization, leading to a pro-inflammatory response
and reducing kidney damage caused by diabetes [49].
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bubrega izazvano dijabetesom [49]. Terapija mezen-
himalnim mati¢nim ¢celijama se takode pokazala kori-
snom u regulaciji mitohondrijske disfunkcije stimulaci-
jom arginaze 1 - markera M2-nalik makrofaga [49].

Manipulacija makrofagima, u smislu njihove akti-
vacije i deplecije, pokazala je potencijalne terapijske
efekte u inflamaciji i karcinomu. Adaptivna terapija
makrofagima pokazala se efikasnom u le¢enju limfoma
i karcinoma dojke. Ren i saradnici su pokazali da me-
zenhimalne mati¢ne celije povezane sa tumorom, koje
obi¢no podsti¢u rast tumora, gube svoju funkciju na-
kon specifi¢ne eliminacije makrofaga, te da je kod mi-
Seva koji imaju nedostatak C-C hemokinskog receptora
tipa 2 (engl. C-C chemokine receptor type 2 — CCR2), anti-
tumorni efekat tumorskih mezenhimalnih mati¢nih ¢e-
lija bio smanjen [36]. Takode je pokazano da dolazi do
povecane proizvodnje MCP-1 nakon radioterapije, $to
rezultira pojatanom sposobnos¢u tumora da privlace
mezenhimalne maticne celije [50].

ZAKLJUCAK

Nesumnjivo je da su interakcije izmedu makrofaga i
mezenhimalnih mati¢nih ¢elija klju¢ne za regulaciju
inflamatorne mikrosredine, sa znacajnim uticajem na
nastanak i progresiju bolesti, kao i na reparaciju i remo-
delovanje tkiva. Medutim, njihov medusobni odnos
moze da varira u zavisnosti od uslova mikrosredine.
Studije ukazuju na to da modulacija ovih interakcija
ima terapijski potencijal, a pristup koji je usmeren i pri-
lagoden specificnim uslovima mikrosredine mogao bi
da donese delotvornije rezultate.
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SAZETAK

Uvod: Melanocitom glave optickog nerva predstavlja retku, benignu pigmento-
vanu leziju koja nastaje od melanocita u podrugju glave optickog nerva. lako je
benigne prirode, melanocitom moze predstavljati dijagnosticki izazov zbog mo-
guce slicnosti sa melanomom, kao i zbog potencijalnih komplikacija, ukljucujuci
defekte vidnog polja i, u retkim sluajevima, malignu transformaciju. Tacna dija-
gnoza se postavlja primenom pomocnih dijagnostickih metoda, poput fluoresce-
inske angiografije, opticke koherentne tomografije (OCT) i 0CT-a sa povecanom
dubinskom rezolucijom (EDI-OCT).

Prikaz slucaja: Cetrdesetogodisnja pacijentkinja dolazi zbog pigmentovane
promene na glavi levog optickog nerva, koja je unazad 10 godina pracena u dru-
goj ustanovi. Oftalmolo3kim pregledom uocena je jasno ogranicena, uzdignuta,
sivo-crna lezija tipicnih klinickih karakteristika melanocitoma. Uz melanocitom je
primecen i jukstapapilarni horoidalni nevus. Dijagnosticka obrada, koja je uklju-
¢ivala fluoresceinsku angiografiju i B-scan ultrasonografiju, potvrdila je benignu
prirodu lezije. Pacijentkinji je preporuceno redovno pracenje kako bi se na vreme
uocila eventualna progresija ili maligna transformacija.

Zakljucak: Ovaj slucaj istice vaznost primene pomocnih dijagnostickih metoda
i dugorocnog pracenja melanocitoma glave optickog nerva. Koegzistencija juk-
stapapilarnog horoidalnog nevusa dodatno otezava dijagnosticki proces, ¢ime
se naglasava potreba za redovnim kontrolama radi pravovremenog uocavanja
mogucih komplikacija.

Kljucne reci: melanocitom, horioidalni nevus, ultrazvucna dijagnostika,
fluoresceinska angiografija
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ABSTRACT

Introduction: Melanocytoma of the optic nerve head (melanocytoma papillae)
is a rare, benign pigmented lesion originating from melanocytes within the op-
tic nerve head. Despite its benign nature, melanocytoma can present diagnostic
challenges due to its potential mimicry of melanomas and associated complica-
tions, including visual field defects and, in rare cases, malignant transformation.
Accurate diagnosis relies on multimodal imaging, including fluorescein angiog-
raphy, optical coherence tomography (0CT), and enhanced depth imaging-0CT
(EDI-OCT).

Case report: A 40-year-old female presented with a pigmented lesion on the
left optic nerve head, which had been monitored at another institution for the
past 10 years. Ophthalmologic examination revealed a sharply demarcated, ele-
vated, gray-black lesion with clinical features typical of melanocytoma. Adjacent
to the melanocytoma, a juxtapapillary choroidal nevus was observed. The diag-
nostic workup, including fluorescein angiography and B-scan ultrasonography,
confirmed the benign nature of the lesion. The patient was advised to undergo
reqular follow-up to monitor for potential progression or malignant transforma-
tion.

Conclusion: This case underscores the importance of auxiliary diagnostic meth-
ods and long-term surveillance in managing melanocytoma of the optic nerve
head. The coexistence of a juxtapapillary choroidal nevus further complicates
the diagnostic process, emphasizing the need for regular follow-up to enable the
timely detection of potential complications.

Keywords: melanocytoma, choroidal nevus, ultrasonography, fluorescein
angiography
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uvoD

Melanocitom glave opti¢ckog nerva (melanocytoma
papillae) je retka, benigna melanocitna lezija koja po-
tice od melanocita unutar glave opti¢kog nerva. Prvi
su je opisali Limas i Ulrich 1962. godine. Melanocitom
je histoloski razli¢it od melanoma, ali deli sli¢cnu tamnu
pigmentaciju zbog prisustva jako pigmentisanih, okru-
glih ili poligonalnih ¢elija koje sadrze obilne granule
melanina. lako je obi¢no asimptomatski, njegov klinic-
ki znacaj ogleda se u mogucénosti izazivanja defekata
vidnog polja, otoka opti¢kog diska i, u retkim slucajevi-
ma, maligne transformacije [1].

Ova lezija cesto koegzistira sa jukstapapilarnim
horoidalnim nevusima, koji su pigmentisane, ravne
lezije locirane u blizini opti¢kog diska. Studije suge-
risu da je do 50% slucajeva melanocitoma povezano
sa takvim nevusima, sto dodatno komplikuje klinicku
diferencijaciju od agresivnijih patologija, poput mela-
noma [2,3].

Napredak u tehnikama snimanja, kao $to su fluo-
resceinska angiografija, opticka koherentna tomogra-
fija (OCT), OCT sa poboljsanim prikazom dubine (EDI-
OCT) i B-sken ultrasonografija, znacajno je poboljsao
sposobnost razlikovanja melanocitoma od lezija [4].

lako su obi¢no benigni, melanocitomi mogu
pokazivati lokalno agresivho ponasanje, sto moze
dovesti do kompresije optickog nerva ili zahvatanja
susednih struktura, poput retine i horioideje. Naj-
cesce se dijagnostikuju kod osoba srednjih godina,
bez znacajne polne predispozicije [5,6]. Dugoro¢no
pracenje je klju¢no kako bi se pratile mogucée kom-
plikacije, poput ostecenja vida, opti¢cke neuropatije
ili retkog, ali ozbiljnog rizika od maligne transforma-
cije [7].

Ovaj prikaz slucaja predstavlja redak sluc¢aj mela-
nocitoma glave optickog nerva sa koegzistiraju¢im
jukstapapilarnim horoidalnim nevusom, naglasava-
juci dijagnosticke i terapijske izazove povezane sa
ovom bolesc¢u. Sveobuhvatan pregled literature pru-
Za dodatni uvid u njegove klinic¢ke, radioloske i histo-
patoloske karakteristike, isticuci znacaj redovnog pra-
¢enja [8-10].

PRIKAZ SLUCAJA

Pacijentkinja, stara 40 godina, javila se nasoj klinici sa
poznatom anamnezom pigmentovane lezije na levom
o¢nom dnu, koja je prvi put primecéena pre vise od 10
godina tokom rutinskog oftalmoloskog pregleda. Pa-
cijentkinja nije prijavila nikakve vizuelne simptome;
njena medicinska anamneza bila je uredna, bez sistem-
skih oboljenja ili porodi¢ne istorije o¢nih bolesti. OStri-
na vida bila je 1,0 na oba oka bez korekcije.

INTRODUCTION

Melanocytoma of the optic nerve head (melanocyto-
ma papillae) is a rare, benign melanocytic lesion origi-
nating from melanocytes within the optic nerve head.
Initially described by Limas and Ulrich in 1962, mela-
nocytoma is histologically distinct from melanomas
but shares a similar dark pigmentation due to heavily
pigmented, round, or polygonal cells containing abun-
dant melanin granules. While typically asymptomatic,
its clinical significance lies in its potential to cause vi-
sual field defects, optic disc swelling, and, in rare cases,
malignant transformation [1].

This lesion frequently coexists with juxtapapillary
choroidal nevi, which are pigmented, flat lesions locat-
ed near the optic disc. Studies suggest that up to 50%
of melanocytoma cases are associated with such nevi,
further complicating clinical differentiation from more
aggressive pathologies such as melanoma [2,3].

Advancements in imaging techniques, such as flu-
orescein angiography, optical coherence tomography
(OCT), enhanced depth imaging-OCT (EDI-OCT), and
B-scan ultrasonography have significantly improved
the ability to distinguish melanocytoma from malig-
nant lesions [4].

Although typically benign, melanocytomas can
exhibit locally aggressive behavior, potentially lead-
ing to optic nerve compression or involvement of ad-
jacent structures, such as the retina and choroid. They
are most commonly diagnosed in middle-aged indi-
viduals with no significant gender predilection [5,6].
Long-term follow-up is crucial to monitor for compli-
cations, such as visual impairment, optic neuropathy,
or the rare but serious risk of malignant transforma-
tion [7].

This report presents a rare case of melanocytoma
of the optic nerve head with a coexisting juxtapapillary
choroidal nevus, emphasizing the diagnostic and man-
agement challenges associated with this condition. A
comprehensive literature review provides additional
insights into its clinical, imaging, and histopathologi-
cal features, highlighting the importance of multidisci-
plinary care in ensuring optimal outcomes for affected
patients [8-10].

CASE REPORT

A 40-year-old female patient presented to our clinic
with a known history of a pigmented lesion on the left
optic nerve, first identified over 10 years ago during a
routine ophthalmologic examination. The patient re-
ported no visual symptoms; her medical history was
unremarkable, with no systemic illnesses or family his-
tory of ocular diseases. Visual acuity was 20/20 bilater-
ally without correction.
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Slika 1. Ovasslika prikazuje fundus fotografiju melanocitoma lociranog na glavi
optickog nerva, pracenog jukstapapilarnim horoidalnim nevusom. Melanoci-
tom je vidljiv kao jasno ogranicena, uzdignuta, sivo-crna lezija na optickom
disku, Sto je u skladu sa njegovom karakteristicnom pigmentacijom. Pored
melanocitoma, horoidalni nevus izgleda kao ravno zelenkasto-braon polje sa
jasnim granicama

Oftalmoskopski pregled otkrio je o3tro ogranicenu,
prominentnu, sivo-crnu leziju na glavi opti¢kog nerva
levog oka. Pored melanocitoma, uocen je jukstapapi-
larni horoidalni nevus, koji se prezentovao kao ravna,
zelenkasto-smeda lezija sa jasnim granicama. Nije bilo
znakova edema opti¢kog diska, a retinalni sudovi su
izgledali normalno (Slika 1). Automatska perimetrija
pokazala je prisustvo malog, neprogresivnog central-
nog skotoma.

Fluoresceinska angiografija pokazala je potpunu
blokadu fluorescencije koja odgovara melanocito-
mu, bez dokaza o curenju ili neovaskularizaciji (Slika
2). Jukstapapilarni nevus je tokom svih angiografskih
faza ispoljavao postojanu hipofluorescenciju. Opticka
koherentna tomografija potvrdila je prisustvo izdi-
gnute lezije bez disrupcije slojeva retine. B-sken ultra-
sonografija otkrila je solidnu leziju srednje reflektiv-
nosti.

S obzirom na benignu prirodu lezije i odsustvo
vizuelnih simptoma ili komplikacija, pacijentkinji je
savetovano redovno pracenje svakih Sest meseci radi
nadzora moguceg napredovanja, ukljucujuci pove-
¢anje lezije, gubitak vidnog polja ili znakove maligne
transformacije. Pacijentkinja je edukovana o simpto-
mima mogucih komplikacija, uklju¢ujuci iznenadne
promene vida, koje bi zahtevale hitnu medicinsku
pomod. Hirurska intervencija u ovoj fazi nije bila ne-
ophodna.

Figure 1. The image presents a fundus photograph of a melanocytoma located
on the optic nerve head, accompanied by a juxtapapillary choroidal nevus. The
melanocytoma is visible as a sharply demarcated, elevated, dark gray-black le-
sion on the optic disc, consistent with its characteristic pigmentation. Adjacent
to the melanocytoma, the choroidal nevus appears as a flat, greenish-brown area
with distinct borders

The ophthalmoscopic evaluation revealed a sharp-
ly demarcated, elevated, gray-black lesion on the optic
nerve head of the left eye. Adjacent to the melanocyto-
ma, a juxtapapillary choroidal nevus was noted, present-
ing as a flat, greenish-brown lesion with distinct borders.
There were no signs of optic disc edema, and retinal ves-
sels appeared normal (Figure 1). Automated perimetry
revealed a small, non-progressive central scotoma.

Fluorescein angiography demonstrated a com-
plete blockage of fluorescence corresponding to the
melanocytoma, with no evidence of leakage or neo-
vascularization (Figure 2). The juxtapapillary nevus
exhibited persistent hypofluorescence throughout all
angiographic phases. Optical coherence tomography
confirmed the presence of an elevated lesion with
shadowing effects but without disruption of the retinal
layers. B-scan ultrasonography revealed a solid lesion
with moderate internal reflectivity.

Given the benign nature of the lesion and the
absence of visual symptoms or complications, the
patient was advised to undergo regular follow-up ex-
aminations every six months to monitor for potential
progression, such as enlargement, visual field loss, or
signs of malignant transformation. The patient was ed-
ucated about the symptoms of possible complications,
including sudden vision changes, which would neces-
sitate immediate medical attention. Surgical interven-
tion was deemed unnecessary at this stage.
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Slika 2. Ova slika prikazuje seriju snimaka fluoresceinske angiografije (FA) me- Figure 2. Thisimage depicts a series of frames from fluorescein angiography (FA) of
lanocitoma glave optickog nerva, pracenog jukstapapilarnim horoidalnim ne- amelanocytoma of the optic nerve head, accompanied by a juxtapapillary choroidal
vusom. Angiografski niz ilustruje odsustvo curenja ili prebojavanja melanocito- nevus. The angiographic sequence illustrates the absence of leakage or staining over

ma, $to je u skladu sa njegovom benignom prirodom. Lezija se vidi kao tamna, the melanocytoma, consistent with its benign nature. The lesion appears as a dark,
jasno ogranicena oblast na optickom disku, koja blokira fluorescenciju. Pored sharply demarcated area on the optic disc, causing blockage of fluorescence. Adja-
melanocitoma, horoidalni nevus se prikazuje kao hipofluorescentna oblast cent to the melanocytoma, the choroidal nevus is visible as a hypofluorescent area
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DISKUSIJA

Melanocitom glave opti¢kog nerva je retka, benigna
lezija koja moze oponasati agresivnija stanja, poput
melanoma, $to naglasava vaznost tacne dijagnoze.
Shields i saradnici su pokazali da se melanocitom javlja
kod priblizno 1% opste populacije, sa ve¢om prevalen-
cijom kod osoba tamnije pigmentacije [1,4]. Ove lezije
obi¢no ostaju stabilne, iako su u retkim slu¢ajevima
dokumentovani rast i maligna transformacija, sa pro-
cenjenom stopom transformacije od 1% [7].

Nekoliko prikaza slucajeva u literaturi istice klinic-
ku varijabilnost i dijagnosticke izazove melanocitoma.
Burgos-Blasco i saradnici su predstavili slu¢aj pacijenta
sa melanocitomom opti¢kog nerva, naglasavajuci upo-
trebu multimodalnog snimanja, ukljucujuci OCT i OCT
angiografiju, za potvrdu dijagnoze i pracenje stabilno-
sti lezije tokom vremena [5]. U drugom slucaju, Kita i sa-
radnici su opisali 38-godisnjeg pacijenta sa defektima
vidnog polja uzrokovanim kompresijom optickog ner-
va; pracenjem u periodu od pet godina utvrdeno je da
lezija ostaje stabilna bez potrebe za intervencijom [9].

Mannat i saradnici su opisali redak slu¢aj melanoci-
toma koji se Sirio u peripapilarnu retinu, uzrokujudi na-
kupljanje subretinalne te¢nosti i blage vizuelne smet-
nje. Lezija je ostala stabilna bez znakova maligne tran-
sformacije tokom trogodisnjeg pracenja [6]. Takode,
Garza-Garza i saradnici su izvestili o seriji slu¢ajeva u
kojima su napredne tehnike snimanja, poput EDI-OCT,
pruzile neprocenjiv uvid u morfologiju i dubinu lezije,
pomazucdi u diferencijaciji benignih od malignih pro-
mena [8]. Kao $to se vidi u ovom slucaju, koegzisten-
cija jukstapapilarnog horoidalnog nevusa komplikuje
klinicku sliku.

Prema Gassu [2], prisustvo ovih nevusa povecava
dijagnosticki izazov, zahtevajudi upotrebu multimodal-
nog snimanja za diferencijaciju. Fluoresceinska angio-
grafija i OCT su klju¢ni u prikazivanju karakteristi¢ne
blokade fluorescencije i potvrdivanju benigne prirode
lezije [3,5]. EDI-OCT dodatno poboljsava dijagnosticku
preciznost pruzajuci slike visoke rezolucije glave optic-
kog nerva i okolnih struktura [6].

Histopatoloske studije otkrivaju gusto rasporedene
melanocite sa obilnim granulama melanina i niskom
mitotskom aktivnoscu, $to je u skladu sa benignim to-
kom bolesti [10]. Medutim, faktori poput rasta lezije,
kompresije optickog nerva ili defekata vidnog polja za-
htevaju pazljivije pracenje i potencijalnu intervenciju.
Nedavne studije naglasavaju znacaj genetskog i mole-
kularnog profilisanja u diferencijaciji melanocitoma od
melanoma u dvosmislenim slucajevima [8].

Lecenje melanocitoma se prvenstveno zasniva na
redovnom pracenju radi otkrivanja promena u mor-
fologiji ili funkciji lezije. Shields i saradnici preporucuju

DISCUSSION

Melanocytoma of the optic nerve head is an uncom-
mon, benign lesion that can mimic more aggressive
conditions such as melanoma, highlighting the im-
portance of accurate diagnosis. Shields et al. reported
that melanocytoma occurs in approximately 1% of the
general population, with a higher prevalence among
individuals of darker pigmentation [1,4]. These lesions
typically remain stable, although growth and malignant
transformation have been documented in rare cases,
with an estimated transformation rate of 1% [7].

Several case reports in the literature emphasize the
clinical variability and diagnostic challenges of melano-
cytoma. Burgos-Blasco et al. presented a case of a patient
with optic nerve melanocytoma, highlighting the use of
multimodal imaging, including OCT and OCT angiogra-
phy, to confirm the diagnosis and monitor lesion stabil-
ity over time [5]. Another case by Kita et al. detailed a
38-year-old patient who experienced visual field defects
due to optic nerve compression; follow-up revealed le-
sion stability over five years without intervention [9].

Mannat et al. described a rare instance of melano-
cytoma extending into the peripapillary retina, caus-
ing subretinal fluid accumulation and mild visual dis-
turbances. The lesion remained stable with no signs
of malignant transformation during a three-year fol-
low-up [6]. Additionally, Garza-Garza et al. reported a
series of cases where advanced imaging techniques,
such as EDI-OCT, provided invaluable insights into le-
sion morphology and depth, aiding in differentiating
benign from malignant lesions [8]. As seen in this case,
the coexistence of juxtapapillary choroidal nevi com-
plicates the clinical picture.

According to Gass [2], the presence of such nevi in-
creases the diagnostic challenge, necessitating the use
of multimodal imaging for differentiation. Fluorescein
angiography and OCT are pivotal in demonstrating char-
acteristic blockage of fluorescence and confirming the
lesion’s benign nature [3,5]. EDI-OCT further enhances
diagnostic accuracy by providing high-resolution images
of the optic nerve head and surrounding structures [6].

Histopathological studies reveal densely packed
melanocytes with abundant melanin granules and low
mitotic activity, consistent with a benign course [10].
However, factors such as lesion growth, optic nerve
compression, or visual field defects warrant closer sur-
veillance and potential intervention. Recent studies
have emphasized the importance of genetic and mo-
lecular profiling to differentiate melanocytoma from
melanoma in ambiguous cases [8].

Management of melanocytoma primarily involves
regular monitoring to detect changes in lesion mor-
phology or function. Shields et al. recommend fol-

220

Jun 2025. | Volumen 6/ Broj 2 | SrPski MEDICINSKI CASOPIS LEKARSKE KOMORE



MELANOCITOM GLAVE OPTICKOG NERVA UZ JUKSTAPAPILARNI NEVUS HORIOIDEJE: PRIKAZ SLUCAJA | PREGLED LITERATURE

Vasovié¢ D. etal.

MELANOCYTOMA OF THE OPTIC NERVE HEAD COEXISTING WITH JUXTAPAPILLARY CHOROIDAL NEVUS. CASE REPORT AND LITERATURE REVIEW

kontrolne preglede od Sest meseci tokom prve godine, a
zatim godisnje ako lezija ostane stabilna [10]. Edukacija
pacijenata o simptomima opticke neuropatije ili maligne
transformacije klju¢na je za pravovremenu intervenciju.
U slucajevima znacajnog rasta, progresivnog gubitka
vidnog polja ili dijagnosticke neizvesnosti, moze biti ne-
ophodna hirurska ekscizija i histopatoloski pregled.

ZAKLJUCAK

Melanocitom glave opti¢kog nerva je retka i obi¢no
benigna lezija, ali njegova moguénost lokalne agresiv-
nosti i retke maligne transformacije zahteva pazljivo i
kontinuirano pracenje. Ovaj slucaj naglasava znacaj
multidisciplinarnog pristupa, koji uklju¢uje napredne
tehnike snimanja i redovne kontrole, kako bi se optimi-
zovali ishodi leenja i sprecile komplikacije. Temeljno
razumevanje klini¢kih i histopatoloskih karakteristika
lezije, potkrepljeno pregledom literature, klju¢no je za
efikasno upravljanje ovim stanjem.
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low-up intervals of six months for the first year and
annual evaluations thereafter if the lesion remains
stable [10]. Patient education regarding optic neurop-
athy or malignant transformation symptoms is crucial
for timely intervention. In cases of significant growth,
progressive visual field loss, or diagnostic uncertainty,
surgical excision, and histopathological examination
may be necessary.

CONCLUSION

Melanocytoma of the optic nerve head is a rare and
typically benign lesion, yet its potential for local ag-
gressiveness and rare malignant transformation neces-
sitates careful and continuous monitoring. This case
underscores the importance of a multidisciplinary ap-
proach, incorporating advanced imaging techniques
and regular follow-up, to optimize patient outcomes
and prevent complications. A thorough understanding
of the lesion’s clinical and histopathological features,
supported by a literature review, is essential for effec-
tive management.
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SAZETAK

Uvod: Saobracajni traumatizam predstavlja jedan od vodecih uzroka smrti i
povreda Sirom sveta. Prema podacima Svetske zdravstvene organizacije (SZ0),
vise od 1,3 miliona ljudi godi3nje izqubi Zivot u saobracajnim nesrecama, dok je
izmedu 20 i 50 miliona osoba povredeno. Veci deo povreda izazvanih saobracaj-
nim nesreama obuhvata traume ekstremiteta, pri ¢emu su donji ekstremiteti
najcesce povredeni kod peSaka i motociklista.

Prikaz slucaja: Prikazujemo slucaj pacijentkinje stare 77 godina koja je pretr-
pela saobracajnu nezgodu kao pesak, zadobivsi otvorene prelome Il i Il meta-
tarzalne kosti leve noge (Gustillo tip I1). Inicijalno je primenjeno hirursko lecenje
odmah nakon povrede, koje je ukljucivalo obilnu lavazu, debridman i stabilizaciju
preloma K-iglama, uz potkolenu gipsanu imobilizaciju i trojnu antibiotsku te-
rapiju. Dalje, kompleksno lecenje je zahtevalo kombinovano lecenje metodom
vacuum-assisted closure (V.A.C.) i platelet-rich fibrin (PRF) i tretmanima u hiper-
bari¢noj komori (HBO).

Zakljucak: Pravovremeno operativno lecenje bilo je klju¢no za postizanje po-
zitivnog ishoda kod pacijentkinje starije Zivotne dobi, cime je omoguceno zara-
stanje bez infekcija i f unkcionalan oporavak. Multidisciplinarni pristup pokazao
se neophodnim u ovom slozenom slucaju, prilagodavajudi terapiju specificnim
potrebama starijeg pacijenta i poboljSavajuci sveobuhvatni oporavak.

Kljucne redi: otvoreni prelom, defekt koZe, hiperbari¢na komora

Autor za korespondenciju:

Aleksandra Petrovic¢

Klinika za ortopedsku hirurgiju i traumatologiju,
Univerzitetski klini¢ki centar Srbije

Dr Koste Todorovi¢a 26, 11000 Beograd, Srbija
Elektronska adresa: aleksandrap87@yahoo.com

Primljeno « Received: March 10, 2025;

Revidirano - Revised: April 25, 2025;

" University Clinical Center of Serbia, Clinic for Orthopedic Surgery
and Traumatology, Belgrade, Serbia

2 University of Belgrade, Faculty of Medicine, Belgrade, Serbia

ABSTRACT

Introduction: Traffic accidents are one of the leading causes of death and inju-
ries worldwide. According to the World Health Organization (WHO), more than
1.3 million people die annually in road accidents, while between 20 and 50 mil-
lion suffer injuries. The majority of these injuries involve limb trauma, with the
lower limbs being most commonly affected, particularly among pedestrians and
motorcyclists.

Case report: This report presents the case of a 77-year-old female pedestrian
involved in a road accident, sustaining open fractures of the second and third
metatarsal bones of the left foot (Gustilo type I1). Initial surgical treatment was
performed immediately after the injury, including extensive irrigation, debride-
ment, and fracture stabilization using K-wires, along with below-knee plaster
immobilization and triple antibiotic therapy. Further complex treatment involved
a combination of vacuum-assisted closure (V.A.C.), platelet-rich fibrin (PRF) ap-
plication, and hyperbaric oxygen therapy (HBO).

Conclusion: Timely surgical intervention was crucial for achieving a positive out-
come in an elderly patient, ensuring healing without infection and functional re-
covery. A multidisciplinary approach was essential in this complex case, adapting
therapy to the specific needs of an elderly patient and improving overall recovery.

Keywords: open fracture, skin defect, hyperbaric oxygen therapy
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uvoD

Saobracajni traumatizam predstavlja jedan od vodecih
uzroka smrti i povreda Sirom sveta. Prema podacima
Svetske zdravstvene organizacije (SZO), vise od 1,3 mi-
liona ljudi godisnje izgubi zivot u saobracajnim nesre-
¢ama, dok je izmedu 20 i 50 miliona osoba povredeno.
Osmi je vodedi uzrok smrti za sve starosne grupe, nad-
masujuci HIV/AIDS, tuberkulozu i dijareju [1]. Vedi deo
povreda izazvanih saobracdajnim nesrecama obuhvata
traume ekstremiteta, pri ¢emu su donji ekstremiteti
najc¢edce povredeni kod pesaka i motociklista, koji su
posebno eksponirani zbog odsustva zastitnih struktu-
ra koje su prisutne kod vozaca u vozilima [2].

Prema podacima Nacionalne uprave za bezbednost
saobracaja na putevima (NHTSA - National Highway
Traffic Safety Administration), pesaci ¢ine izmdu 16 i
17% svih smrtnih slu¢ajeva u saobracaju u Sjedinjenim
Ameri¢kim Drzavama, u petogodi$njem periodu pra-
¢enja od 2017.do 2021. godine [3].

Povrede stopala i donjih ekstremiteta prilikom ga-
Zenja vozilom spadaju medu najozbiljnije povrede koje
pesaci mogu zadobiti u odnosu na druge delove tela
(Grafikon 1). Podaci pokazuju da je najvedi broj povre-
denih pesaka (42,10%) bio starosne dobi od 41 do 69
godina, a 81,31% Cinili su muskarci [4]. U ovim slucajevi-
ma, terapije kao Sto su V.A.C. (vacuum-assisted closure)
terapija i hiperbari¢na oksigenacija mogu znacajno do-
prineti brzem oporavku i smanjenju komplikacija [5].

Cilj ovog rada je da prikaze neophodnost multidis-
ciplinarnog u lecenju kompleksnih povreda, kao i da

45
40
35
30
25
20
15

10

Procenat povreda (%) / Percentage of injuries (%)

v

Glava i vrat /
Head and neck

Gornji eksremiteti/
Upper extremities

INTRODUCTION

Traffic-related trauma is one of the leading causes of
death and injury worldwide. According to the World
Health Organization (WHO), more than 1.3 million
people die annually in road traffic accidents, while
between 20 and 50 million are injured. It is the eighth
leading cause of death across all age groups, surpass-
ing HIV/AIDS, tuberculosis, and diarrheal diseases [1].
A large portion of traffic-related injuries involve limb
trauma, with the lower extremities most commonly
affected, particularly among pedestrians and motorcy-
clists who are more exposed due to the lack of protec-
tive structures present in vehicles [2].

According to data from the National Highway
Traffic Safety Administration (NHTSA), pedestrians ac-
counted for between 16% and 17% of all traffic-related
fatalities in the United States during the five years from
2017 to 2021 [3].

Foot and lower limb injuries caused by vehicle run-
over incidents are among the most severe injuries a pe-
destrian can sustain (Chart 1). Data shows that the ma-
jority of injured pedestrians (42.10%) were aged 41 to
69, and 81.31% were male [4]. In such cases, therapies
such as vacuum-assisted closure (V.A.C.) and hyperbar-
ic oxygen therapy (HBOT) can significantly contribute
to faster recovery and reduced complications [5].

This case report aims to highlight the necessity of a
multidisciplinary approach in treating complex injuries
and to emphasize that the timely selection of appropri-
ate therapeutic protocols can result in both functional-

Torzo /
Torso

Donji eksremiteti/
Lower extremities

Deo tela / Body part

Grafikon 1. Distribucija povreda po delovima tela - World Health Organization
(WHO), Global Status Report on Road Safety, 2018

Figure 1. Distribution of body part injuries - World Health Organization (WHO),
Global Status Report on Road Safety, 2018
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istakne da pravovremeni odabir odgovarajuceg tera-
pijskog protokola daje rezultate koji su i funkcionalno
i estetski zadovoljavajudi, s obzirom na obim povrede.

PRIKAZ SLUCAJA

Pacijentkinja, starosti 77 godina, povredena je kao pe-
Sak kada joj je autobus preSao preko levog stopala. Na
pregledu su konstatovani otvoreni prelomi Il i lll meta-
tarzalne kosti (Gustillo tip II), uz prisutno ostecenja koze i
kompresiju tetiva ekstenzorne grupe na dorzalnoj strani
stopala, uz uredan neurovaskularni nalaz (Slika 1, Slika 2).
Na dan povrede, ucinjeno je operativno le¢enje koje je
ukljucivalo obilno ispiranje rana, mekotkivni debridman
i fiksaciju preloma Il i [l metatarzalne kosti (MT) Kirsch-
ner iglama (K iglama). Postavljena je potkolena gipsana
imobilizacija, a ordinirana je trojna antibiotska terapija:
Azaran 1 g intravenski, dva puta dnevno; Amikacin 500
mg intravenski, dva puta dnevno i solucija Orvagila, 500
ml intravenski, tri puta 500 ml dnevno. Pacijentkinja je
primila antikoagulantnu profilaksu (Fraxiparin u dozi od

Slika 1. Radiografija stopala nakon povrede i nakon operativnog lecenja

Figure 1. Radiography of the foot after injury and after operative

ly and aesthetically satisfactory outcomes, considering
the extent of the injury.

CASE REPORT

A77-year-old female patient was injured as a pedestrian
when a bus ran over her left foot. Examination revealed
open fractures of the Il and lll metatarsal bones (Gust-
ilo type Il), with skin damage and compression of the
extensor tendons on the dorsal aspect of the foot, but
with preserved neurovascular status (Figure 1, Figure 2).
On the day of injury, surgical treatment was performed,
which included extensive wound irrigation, soft tissue
debridement, and fixation of the Il and lll metatarsal
bones with Kirschner wires (K-wires). A below-knee
plaster cast was applied, and triple antibiotic therapy
was administered: Azaran 1 g IV twice daily, Amikacin
500 mg IV twice daily, and Orvagil solution 500 ml IV
three times daily. The patient also received anticoag-
ulant prophylaxis (Fraxiparin 0.6 ml subcutaneously
once daily) and tetanus prophylaxis (Tetagam 250 IU/
ml serum and Tetavaksal 40 1U/0.5 ml vaccine), in ac-
cordance with the immunization schedule [6].

Three days post-surgery, the patient began hyper-
baric oxygen therapy (HBOT) to achieve hyperoxia and
promote soft tissue healing. A total of 20 HBOT sessions
werecompleted.Thewoundswereregularlydressedand
managed with serial debridements. Despite treatment,
skin necrosis developed on the dorsal aspect of the foot.
Thirty-three days post-injury, a second surgical inter-
vention was performed. This included repeated soft
tissue debridement and excision of necrotic tissue
from the dorsal foot, resulting in a skin defect that was
managed with a V.A.C. device (V.A.C. Ulta®), applied un-
der continuous pressure of 125 mmHg.

On day 36 post-injury, the skin defect was treat-
ed with platelet-rich fibrin (PRF), manufactured by
Vivostat®. PRF is prepared in a closed system to con-
centrate fibrin and platelets 7-10 times above normal
values from 120 ml of the patient’s autologous blood,
drawn 15 minutes before anesthesia. The blood is
collected directly into specially designed, single-use,
sterile bottles. The automated preparation process
takes about 25 minutes and yields 5-6 ml of the fi-
nal product. The automated process is carried out
in the anteroom of the operating block, and upon
completion of centrifugation, the final product cas-
sette is brought into the operating room and insert-
ed into the Vivostat® applicator, where the solution
is buffered. A sterile system is directly connected to
the applicator unit, which includes a spray option for
solution application. The application process lasts
3-4 minutes. When the spray is applied to the donor
site defect, immediate polymerization occurs, re-
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Slika 2. Klinicki nalaz povrede

0,6 ml subkutano, jednom dnevno), kao i antitetanusnu
profilaksu (serum Tetagam 250 i.j./ml, i vakcina Tetavak-
sal 401/ 0,5 ml) u skladu sa kalendarom vakcinacije [6].

Tri dana nakon operacije, pacijentkinja je zapo-
Cela terapiju u hiperbari¢noj komori (HBO) kako bi se
dobili uslovi hiperoksije koji su doveli do poboljsanja
zarastanja mekih tkiva. Ukupno je sprovedeno dvade-
set terapija u HBO komori. Rane su redovno previjane
i obradivane u smislu sukcesivnih debridmana. Uprkos
primenjenim merama lec¢enja dolazi do razvoja nekro-
ze koze na dorzalnoj strani stopala. Trideset tri dana
nakon povrede je obavljena druga hirurska interven-
cija. Tokom te procedure izvrien je ponovni debrid-
man mekih tkiva i uklanjanje polja nekroze sa dorzuma
stopala nakon Cega je zaostao defekt koze, a na koji je
postavljen V.A.C. aparat (vakumska terapija negativnim
pritiskom za zarastanje rana), proizvodaca V.A.C. Ulta *,
pod rezimom kontinuiranog pritiksa 125 mgHg.

U daljem toku lecenja, 36-0g dana nakon povrede,
defekt koze je pokriven PRF-om (fibrin bogat trom-
bocitima), proizvodaca Vivostat °. Priprema Vivostata®
PRF se vrsi u zatvorenom sistemu sa ciljem dobijanja
koncentracije fibrina i trombocita 7-10 puta vecih od
normalnih vrednosti, dobijenih iz 120 ml autologe krvi
pacijenta, koja se uzima 15 minuta pre uvodenja u ane-
steziju. Krv se direktno prikuplja u specijalno dizajnira-
ne, jednokratne sterilne boce. Automatizovani proces
pripreme traje do 25 minuta i rezultira sa 5-6 ml final-
nog proizvoda. Sam automatizovani proces se vrsi u
predsali operacionog bloka, a po zavrsetku centrifugi-
ranja se unosi u operacionu salu i kaseta sa dobijenim
finalnim proizvodom se aplikuje u Vivostat™ aplikator
gde se rastvor puferizuje. Direktno na jedinicu aplika-

Figure 2. The foot after injury

sulting in the formation of a bioactive fibrin matrix.
This procedure was repeated on day 43 to cover the
remaining 2 cm diameter defect (Figure 3). Granula-

Slika 3. Stopalo nakon PRF tretmana

Figure 3. The foot after PRF treatment
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Slika 4. Stopalo sa Tiersch-ovim transplantatom

tora se povezuje sterilan sistem koji poseduje opciju
rasprsivanja rastvora - sprej aplikator. Proces aplikacije
traje 3—-4 minuta i prilikom nanosenja spreja na defekt
donornog mesta dolazi do momentalne polimerizacije
i formiranja bioaktivnog fibrinskog matriksa. Ovaj po-
stupak je ponovljen jos jedanput, 43. dana, u drugom
aktu, u cilju kompletnog pokrivanja zaostalog defekta,
koji je iznosio 2 cm u precniku (Slika 3). Na primenje-
ne mere lec¢enja dolazi do formiranja granulacija nad
dorzumom stopala, rana je bez znakova infekcije te je
odlu¢eno da se pristupi pokrivanju defekta koze. Ce-
trdeset sedmog dana od povrede, obavljena je nova

Figure 4. Foot with Thiersch transplant

tion tissue formed over the dorsal foot, and with no
signs of infection, it was decided to proceed with skin
defect coverage. On day 47, a new surgery was per-
formed using a split-thickness autologous skin graft
according to the Tiersch technique [7], with removal
of K-wires (Figure 4). The donor site was on the ante-
rior thigh of the contralateral leg, which was dressed
aseptically. A skin graft mesh device is used to pro-
cess the autologous skin graft, allowing for the cre-
ation of an adequate flap for application to the dorsal
side of the foot.

Following the application of the Thiersch graft,
the patient underwent regular dressing changes.

Slika 5. Stopalo sa Tiersch-ovim transplantatom

Figure 5. Foot with Thiersch transplant
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operacija tokom koje je defekt koze dorzuma pokriven
autotransplantatom koze prema Tiersch metodi [7],
koris¢enjem mesh graft- a prlikom ¢ega su uklonjene
Kigle (Slika 4). Donorna regija anteriorne strane femo-
ralne regije kontralateralne noge sa koje je uzet auto-
transplantat je sterilno previjen. Mesh graft uredajem
se obradi koZni autotransplantat kako bi se dobio ade-
kvatan flap za aplikovanje na dorzalnu stranu stopala.

Nakon primene Tiersch-ovog transplantata, pa-
cijentkinja je redovno previjana. Na osnovu urednog
lokalnog nalaza samog transplantata i donorne regije,
odluceno je da se lecenje pacijentkinje nastavi u kuc¢-
nim uslovima, uz previjanje vazelinskim gazama i riva-
nolskim oblogama. Dve nedelje nakon otpusta iz bol-
nice, odnosno dva meseca od povrede, rane su zarasle,
dozvoljen je oslonac na operisanu nogu (Slika 5), a pa-
cijentkinja je upucena na dalju fizikalnu terapiju, koja
je spovedena u nadleznom rehabilitacionom centru
narednih tri meseca. Sest meseci od inicijalne povrede,
pacijentkinja je kompletno osposobljena za samostalni
hod bez koris¢enja pomagala.

DISKUSLJA

LeCenje otvorenih preloma stopala anatomskom re-
pozicijom i fiksacijom K-iglama ostaju zlatni standard
leCenja. Uobicajene hirurske komplikacije nakom ova-
kvih operacija uklju¢uju odbacivanje implantanata ili
iritaciju mekih tkiva, refrakturu, nesrastanje preloma,
povredu senzitivnih grana nerva i hroni¢ni bol. Paci-
jenti treba da budu informisani o razli¢itim opcijama
leCenja i da budu deo procesa odlucivanja, posebno
kada je vreme za oporavak i povratak prethodnim ak-
tivnostima od sustinske vaznosti [8].

Kod pedijatrijske populacije, otvorena repozicija i
fiksacija K-iglama daje zadovoljavajuce rezultate bez
prete¢ih komplikacija, prema postojec¢im podacima li-
terature. Ranom hirurskom intervencijom, otvorenom
repozicijom i blagovremenom rehabilitacijom kod
mladih osoba postize se dobra redukcija preloma, a
nakon rehabilitacije i pun opseg pokreta svih zglobova
stopala i sko¢nog zgloba [9].

Otvoreni prelomi su povezani sa vecom stopom
infekcija i odloZzenim zarastanjem preloma, stoga su,
pored fiksacije preloma vazni i prevencija infekcije i
pracenje lokalnog statusa mekih tkiva. Davanje anti-
biotika treba sprovesti $to je ranije moguce i tokom
24-72 ¢asa u zavisnosti od povrede. Inicijalni debrid-
man i procena tezine povrede odreduju strategiju le-
¢enja, narocito kod starijih osoba, kao u nasem slucaju.
Fiksacija preloma sledi opste traumatoloske principe.
U slu¢ajevima znacajne kontaminacije, gubitka kosti ili
velikog ostecenja mekog tkiva, vrsi se priviemena fik-
sacija i privremeno zatvaranje rane. Definitivni tretman

Based on the satisfactory local conditions of both the
graft and the donor site, it was decided to continue
the patient’s treatment at home, using dressings with
vaseline gauze and Rivanol compresses. Two weeks
after hospital discharge and two months after the
injury, the wounds had healed, and weight-bearing
on the operated leg was permitted (Figure 5). The pa-
tient was then referred for continued physical thera-
py, which was carried out at the designated rehabil-
itation center over the following three months. Six
months after the initial injury, the patient was able
to walk independently without the use of assistive
devices.

DISCUSSION

Open foot fractures treated with anatomical reduc-
tion and K-wire fixation remain the gold standard for
treatment. Common complications include implant
rejection or soft tissue irritation, refracture, nonunion,
nerve injuries, and chronic pain. Patients should be in-
formed about treatment options and included in de-
cision-making, especially when return to function is a
priority [8].

In pediatric cases, open reduction and K-wire fix-
ation typically yield satisfactory results with minimal
severe complications. Early surgical intervention and
rehabilitation in younger patients usually result in
sound fracture reduction and full joint mobility after
therapy [9].

Open fractures are associated with a higher rate of
infections and delayed fracture healing; therefore, in
addition to fracture fixation, infection prevention and
monitoring of the local soft tissue status are crucial.
Antibiotic administration should be initiated as early
as possible and continued for 24 to 72 hours, depend-
ing on the nature of the injury. Initial debridement and
assessment of injury severity determine the treatment
strategy, particularly in elderly patients, as in our case.
Fracture fixation follows general traumatological prin-
ciples. In cases of significant contamination, bone loss,
or extensive soft tissue damage, temporary fixation
and provisional wound closure are performed. Defini-
tive soft tissue coverage should be achieved within 72
hours to reduce the risk of fracture-related infections.
For segmental bone defects, various approaches are
available to restore bone continuity, depending on the
size of the defect and the local condition of surround-
ing structures such as tendons, nerves, and skin cover-
age defects [10].

Studies have shown that wound healing in elderly
individuals is slower. Poor healing of chronic wounds in
the elderly population is more often attributed to co-
morbidities rather than age alone [11]. Split-thickness
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pokrivanjem mekog tkiva treba da se izvedu u roku od
72 h kako bi se smanijio rizik od infekcija povezanih sa
prelomom. Za kostane segmentne defekte dostupni su
razliciti pristupi za obnavljanje kontinuiteta kosti, u za-
visnosti od veli¢ine i lokalnog nalaza okolnih struktura
kao $to su tetive, nervi, defekti koznog pokrivaca [10].

Istrazivanja su pokazala da je zarastanje rana kod
starijih osoba usporeno. LoSe zarastanje hroni¢nih rana
kod starije populacije ¢esce se moze pripisati komor-
biditetu, a ne samo starosti. [11]. Kozni transplantati
parcijalne debljine imaju prednost zato Sto sadrze ma-
nje tkiva koja zahtevaju revaskularizaciju nego kozni
trasplantati pune debljine koze. Stoga je veca verovat-
noca da ce biti uspesan na predhodno pripremljenom
tkivu. Prednosti koris¢enja koznog transplantata parci-
jalne debilje koZe su njihove vece Sanse da prezive pod
uslovima vaskularne kompromitacije, njihova relativno
laka aplikacija, njihova sposobnost pokrivanja velikih
koznih defekata. Glavni nedostatak ovih graftova bio
bi kozmetski u smislu boje koze, prisustvo granulaci-
ja na donorskim mestima koje zahteva posebnu negu.
Graftovi su obi¢no bez dlaka i znojenje je slabo zbog
nedostataka adneksa koze [12].

Hiperbari¢na terapija (HBO) je primena 100% ki-
seonika na atmosferskim pritiscima, u cilju povecéanja
sadrzaja kiseonika iznad fizioloskog nivoa, ¢ime se
stvaraju uslovi hiperoksije [9]. Hiperbari¢na terapija
maksimizira prednosti kiseonika i povecava prirodne
odbrambene mehanizme tela kako bi se poboljsalo
zarastanje rana. To je odli¢na procedura za zarastanje
rana, ali je treba koristiti samo kada je to opravdano.
Da bi se koristila ova procedura na odgovarajudi nacin,
lekar mora da razume indikacije i kontraindikacije [13].

Vacuum assisted closure (V.A.C.) terapija koristi
negativni pritisak kako bi se poboljsala cirkulacija u
povredenom podrudju i stimulisalo stvaranje granu-
lacionog tkiva, $to znacajno ubrzava proces zarasta-
nja [14]. Uklanjanjem viska te¢nosti i eksudata, V.A.C.
terapija smanjuje otok i olak3ava optimalne uslove za
zarastanje rane. Kontinuirano uklanjanje eksudata po-
maze u u uklanjanju devitalizovanog tkiva, tako da se
i rizik od pojave infekcije smanjuje [14]. Stvara se za-
tvoreno okruzenje koje pomaze u smanjenju nakuplja-
nja bakterija, ¢cime se smanjuje rizik od infekcije. Ovo
je posebno korisno kod otvorenih rana i povreda koje
su podlozne kontaminaciji [13]. Mehanicka stimulacija
koju pruza negativni pritisak pomaze u formiranju gra-
nulacionog tkiva, klju¢nog za zarastanje rane, 5to po-
maze u obnovi ostecenih struktura [15].

Proces zarastanja misica i rana, kao i doprinos fak-
tora rasta procesu zarastanja je oblast koja se intenziv-
no proucava. Koncentrisanjem ovih faktora rasta, PRF
moze poboljSati procese zarastanja. Neke od prvih

skin grafts have an advantage because they contain
less tissue requiring revascularization compared to
full-thickness skin grafts. Therefore, they are more like-
ly to succeed on previously prepared tissue.

The advantages of using split-thickness skin grafts
include a higher likelihood of survival under conditions
of vascular compromise, relatively easy application,
and their ability to cover significant skin defects. The
main disadvantage of these grafts is cosmetic, includ-
ing differences in skin color and the presence of granu-
lation tissue at donor sites, which requires special care.
The grafts are typically hairless and exhibit reduced
sweating due to the absence of skin adnexa [12].

Hyperbaric oxygen therapy (HBO) involves admin-
istering 100% oxygen under increased atmospheric
pressure to elevate oxygen levels above physiological
norms, thereby creating conditions of hyperoxia [9].
HBO maximizes the benefits of oxygen and enhances
the body’s natural defense mechanisms to promote
wound healing. It is an effective wound healing pro-
cedure, but should only be used when clinically justi-
fied. To apply this treatment appropriately, the physi-
cian must understand its indications and contraindi-
cations [13].

Vacuum-assisted closure (V.A.C.) therapy utilizes
negative pressure to enhance circulation in the injured
area and stimulate the formation of granulation tissue,
thereby significantly accelerating the healing process
[14]. By removing excess fluid and exudate, V.A.C. ther-
apy reduces swelling and facilitates optimal wound
healing conditions. Continuous exudate removal also
helps eliminate devitalized tissue, thereby reducing
the risk of infection [14]. It creates a closed environ-
ment that helps decrease bacterial accumulation,
thereby lowering the risk of infection. This is especially
beneficial for open wounds and injuries prone to con-
tamination [13]. The mechanical stimulation provided
by negative pressure supports the development of
granulation tissue, which is essential for wound heal-
ing and the restoration of damaged structures [15].

The process of muscle and wound healing, as well
as the role of growth factors in this process, is an area
of intense research. By concentrating these growth fac-
tors, PRF can enhance healing processes. Some of the
first studies to demonstrate this were conducted by
Wright-Carpenter and colleagues, who evaluated the
effects of PRF on muscle injuries in humans. The study
showed that the recovery time of patients treated with
PRF was reduced to 16.6 days, compared to 22.3 days
for patients treated with conventional methods. This
supported the use of PRF during patient treatment,
confirming earlier observations from animal models
and in vitro studies [16].
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studija koje su ovo otkrile izveli su Rajt-Karpenter i sa-
radnici koji su procenili efekte PRF-a na povrede misi-
¢a kod ljudi. Studija je pokazala da je vreme oporavka
pacijenata tretiranih PRF smanjeno na 16,6 dana u po-
redenju sa 22,3 dana kod pacijenata lecenih konven-
cijalnim metodama. Ovo je podrzalo upotrebu PRF-a
tokom le¢enja pacijenta, potvrdujuci prethodna zapa-
Zanja na zivotinjskim modelima i in vitro studijama [16].

Prema eksperimentalnoj studiji koju su izveli M.
Cianiforlini i saradnici, proces zarastanja nakon direk-
tne ili indirektne povrede misi¢a su slozeni, ali jasno
definisan i uklju¢uje dobro koordinisane korake: dege-
neraciju, upalu, regeneraciju i fibrozu. Uprkos ovoj ce-
stoj pojavi i prisustvu velikog broja podataka o patofi-
ziologiji povreda misica, nijedna od trenutnih strategi-
ja lecenja se nije pokazala stvarno efikasnom u strogo
kontrolisanim ispitivanjima. Plazma bogata tromboci-
tima (PRP) je obecavajuci alternativni pristup zasnovan
na sposobnosti autolognih faktora rasta (GF) da ubrza-
ju zarastanje tkiva, poboljsaju regeneraciju misica, po-
vecaju neovaskularizaciju i smanje fibrozu. Ova studija
je fokusirana na upotrebu razlicitih koncentracija PRP-a
kao izvora faktora rasta [17].

Fibrin bogat trombocitima (PRF) je bogat faktori-
ma rasta koji stimulisu proliferaciju ¢elija, $to doprinosi
brzem zarastanju koze i mekih tkiva. Ovi faktori rasta
poboljsavaju regeneraciju tkiva i sintezu kolagena, $to
dovodi do ¢vrstog i elasti¢cnog zarastanja. Primeéeno
je da PRF sadrzi 23% vise koncentracije leukocita od
obi¢ne plazme, koji pomazu u kontroli mikroba u rani
i smanjenju rizika od infekcije [18]. Kada se PRF koristi
kao dodatak prilikom presadivanja tkiva, povecava se
verovatnoca uspesne integracije grafta i smanjuje rizik
od odbacivanja, $to moze znacajno doprineti ishodu
lecenja [19].

Terapija rana negativnim pritiskom je dramati¢no
promenila negu slozenih rana na stopalima. U porede-
nju sa standardnom negom rana, pacijenti sa ranama
dijabetickog stopala koji se lece terapijom negativnim
pritiskom imaju 5,9 puta vecu verovatnocu da ¢e za-
rasti i 4,4 puta manje Sanse da ¢e zahtevati amputaci-
ju. Terapija negativnim pritiskom povecava perfuziju
rane, ubrzava formiranje granulacionog tkiva, smanju-
je edem i smanjuje bioopterecenje [20].

Kishore Vellingiri i saradinici, su prikazali slucaj le-
Cenja pacijenta sa povredom stopala i upotrebnom
V.A.C. terapije. Navedeni pacijent je povreden u sao-
bracajnom traumatizmu prignjecenjem, zadobio je
povredu kalkaneusa sa gubitkom dela kostanog tkiva
i oStecenjem loklnog tkiva. Autori su primetili da be-
nefiti znac¢ajno nadmasuju troskove V.A.C. sistema, $to
ga Cini osnovnom opcijom leCenja za pacijente sa ova-
kvim vrstama povrede [21].

According to an experimental study conducted by
M. Cianforlini and colleagues, the healing process fol-
lowing direct or indirect muscle injury is complex yet
clearly defined, comprising well-coordinated phases:
degeneration, inflammation, regeneration, and fibro-
sis. Despite the frequent occurrence of such injuries
and the abundance of data on the pathophysiology of
muscle damage, none of the current treatment strat-
egies has proven truly effective in strictly controlled
trials. PRP is a promising alternative approach based
on the ability of autologous growth factors (GFs) to ac-
celerate tissue healing, enhance muscle regeneration,
increase neovascularization, and reduce fibrosis. This
study focused on the use of different concentrations of
PRP as a source of growth factors [17].

Platelet-Rich Fibrin is rich in growth factors that
stimulate cell proliferation, thereby contributing to
faster healing of skin and soft tissues. These growth
factors enhance tissue regeneration and collagen
synthesis, leading to firm and elastic wound healing.
It has been observed that PRF contains 23% higher
leukocyte concentration compared to regular plasma,
which helps control microbial presence in the wound
and reduces the risk of infection [18]. When used as an
adjunct during tissue grafting, PRF increases the like-
lihood of successful graft integration and reduces the
risk of graft rejection, which can significantly contrib-
ute to treatment outcomes [19].

Negative pressure wound therapy (NPWT) has
dramatically changed the management of complex
foot wounds. Compared to standard wound care, pa-
tients with diabetic foot wounds treated with NPWT
are 5.9 times more likely to achieve wound closure
and 4.4 times less likely to require amputation. NPWT
increases wound perfusion, accelerates granulation
tissue formation, reduces edema, and lowers the
bioburden [20].

Kishore Vellingiri and colleagues presented a case
of foot trauma treated with V.A.C. therapy. The pa-
tient sustained a calcaneal injury with bone loss and
local tissue damage due to a crush injury in a traffic
accident. The authors noted that the benefits of the
V.A.C. system significantly outweigh its costs, making
it a primary treatment option for patients with such
injuries [21].

The combination of V.A.C. therapy and PRF enables
efficient wound healing, reduces the risk of infection,
and provides optimal wound bed preparation for fur-
ther reconstructive surgery, thereby improving treat-
ment success in cases of complex soft tissue injuries
and open fractures, as demonstrated in the treatment
of the presented patient.
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Kombinacija V.A.C. terapije i PRF-a omogucava
efikasno zarastanje, smanjenje rizika od infekcija i op-
timalnu pripremu rane za dalju rekonstruktivnu hirur-
giju, ¢ime se povecava uspesnost lec¢enja kod slozenih
povreda mekih tkiva i otvorenih preloma, to je i posti-
gnuto prilikom le¢enja navedene pacijentkinje.

ZAKLJUCAK

Pravovremena primena inicijalnog operativnog lecenja
na sam dan povrede, u kombinaciji sa specifi¢cnim te-
rapijskim metodama i multidisciplinarnim pristupom,
bila je klju¢na za postizanje visokog kvaliteta nege i op-
timalnog ishoda kod pacijentkinje starije zivotne dobi.
Prva operacija, koja je obuhvatala ispiranje, debridman
i stabilizaciju preloma, stvorila je osnovu za uspesan
oporavak, smanjujuci rizik od infekcije i komplikacija
koje bi mogle dodatno ugroziti stanje pacijentkinje.

Starija Zivotna dob sa sobom nosi povecan rizik
od usporenog zarastanja i komplikacija, $to ¢ini brzu
intervenciju i stalno pracenje jo$ vaznijim. Multidisci-
plinarni pristup omogucio je precizno planiranje i pra-
vovremeno sprovodenje dodatnih terapija, kao $to su
hiperbari¢na oksigenacija, V.A.C. terapija i PRF tretman.
Ovakav integrisani model le¢enja, prilagoden specific-
nim potrebama pacijentkinje, predstavlja primer zna-
Caja sveobuhvatne nege koja obuhvata sve aspekte
oporavka, ¢ime su maksimalizovane Sanse za potpuni
funkcionalni oporavak ¢ak i kod pacijenata sa slozenim
povredama u starijoj zivotnoj dobi.

Sukob interesa: Nije prijavljen.
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SAZETAK

Uvod: Broj totalnih artroplastika kolena pokazuje rastuci trend u svim svetskim
ortopedskim centrima. lako totalna artroplastika kolena pokazuje odli¢nu stopu
dugoroénog preZivljavanja, ne iznenaduje cinjenica da e, imajudi u vidu pro-
duZenje Zivotnog veka i sve stariju populaciju sa ve¢im brojem komorbiditeta, i
ucestalost revizionih artroplastika kolena takode rasti. Ceste indikacije za reviziju
totalne artroplastike kolena predstavljaju asepticno razlabavljenje i periprotetski
prelomi.

Prikazi slucajeva:: Pacijentkinja starosti 60 godina javila se u nasu ustanovu
zbog tegoba u vidu bola i nestabilnosti desnog kolena. Primarna artroplastika
uradena je u drugoj ustanovi pre 9 godina. Radiografska evaluacija pokazala je
asepticno razlabavljenje komponenti totalne endoproteze kolena, sa utonucem
tibijalne komponente u varusnoj poziciji. Pacijentkinja starosti 73 godine primlje-
na je u nasu ustanovu zbog povrede levog kolena nastale usled pada na ravnoj
podlozi, 5 dana pre prijema. Primarna artroplastika uradena je pre 14 godina u
nasoj ustanovi. Trauma RTG snimci povredenog kolena ukazali su na Lewis tip IIB
periprotetski prelom tibijalnog platoa. Kod obe pacijentkinje uradena je reviziona
artroplastika koriste¢i implantat povecane stabilnosti sa dizajnom rotacione 3ar-
ke. Postoperativni oporavak protekao je uspesno u oba slu¢aja. Radiografije kole-
na pokazale su adekvatnu poziciju implanta nakon perioda pracenja od 2 godine.

Zakljucak: Upotreba implanta povecane stabilnosti sa dizajnom rotacione 3arke
u revizionoj artroplastici kolena pokazuje ohrabrujuce rezultate i ishode, naroci-
to u slucajevima gde postoji znacajan gubitak kostane mase, kao i ligamentarna
nestabilnost.

Kljucne redi: reviziona totalna artroplastika kolena, implant povecane
stabilnosti sa dizajnom rotacione 3arke, asepti¢no razlabavljenje, periprotetski
prelomi kolena
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ABSTRACT

Introduction: The number of total knee arthroplasty (TKA) procedures shows a
growing trend in orthopedic hospitals worldwide. Although TKA has an excellent
long-term survival rate, it is not surprising that, given the increased life expec-
tancy and aging population with a more significant number of comorbidities,
the frequency of revision TKA will also rise. Common indications for revision TKA
represent aseptic loosening and periprosthetic fractures.

Case reports: A 60-year-old female patient presented to our hospital with com-
plaints of pain and instability of her right knee, accompanied by decreased range
of motion. Primary TKA was performed in another institution nine years ago.
Radiographic evaluation demonstrated aseptic loosening of TKA components,
with subsidence of the tibial component into varus malposition. A 73-year-old
female patient was admitted to our Hospital because of an injury to her left knee
resulting from a fall from a standing height that happened five days before the
presentation. Primary TKA was performed 14 years ago in our Hospital. A trauma
X-ray series of the injured knee revealed a Lewis type IIB periprosthetic fracture
of the tibial plateau. In both patients, revision TKA was performed using a rotat-
ing hinge implant with augmentation of the tibial defect caused by loosening in
the first case and fracture in the second case. Postoperative recovery was suc-
cessful in both cases, with radiographic imaging showing adequate position of
the implant at 2-year follow-up.

Conclusion: The use of rotating hinge knee prostheses in revision total knee
arthroplasty demonstrates promising outcomes, particularly in cases involving
significant bone loss and instability.

Keywords: revision total knee arthroplasty, rotating hinge knee, aseptic
loosening, knee periprosthetic fracture
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uvoD

Broj totalnih artroplastika kolena (TKA) pokazuje trend
rasta u ortopedskim bolnicama sirom sveta. Ocekuje se
da ¢e se u Sjedinjenim Ameri¢kim Drzavama broj pa-
cijenata koji se podvrgavaju TKA povecati sedam puta
u periodu od 2004. do 2030. godine [1]. lako TKA ima
odli¢nu dugorocnu stopu prezivljavanja - neke studije
pokazuju da ona iznosi 89-96% u intervalu od 15 godi-
na - nije iznenadujuce $to ce, s obzirom na produzenje
Zivotnog veka i starenje populacije sa sve ve¢im bro-
jem komorbiditeta, ucestalost revizionih TKA takode
rasti [2,3]. Vise studija je ispitivalo epidemioloske as-
pekte revizionih TKA i otkrilo da su naj¢esce indikacije
asepti¢no labavljenje, periprotetska infekcija zgloba
(PJI), nestabilnost, patelofemoralne komplikacije i peri-
protetske frakture kolena [4,5].

Pored PJI i nestabilnosti, asepti¢no labavljenje
predstavlja jedan od najéesc¢ih razloga za reviziju ko-
lenskih proteza. Ono je multifaktorijalne etiologije, a
pretpostavljeni faktori rizika koji imaju klju¢nu ulogu u
patogenetskim mehanizmima labavljenja komponenti
proteze ukljucuju neuspeh u fiksaciji cementa (poseb-
no na interfejsu cement-kost), osteolizu usled reakcije
histiocitnih celija na habanje polietilena, malpoziciju
komponenti, upotrebu ogranicenih dizajna proteza i
neadekvatan napon mekih tkiva i ligamenata [6].

Za razliku od asepti¢nog labavljenja, periprotetske
frakture predstavljaju retku indikaciju za revizionu TKA.
Njihova ucestalost se kre¢e od 0,3% do 5,5%, pri ¢emu
su frakture distalnog femura c¢escée od fraktura proksi-
malne tibije [7]. Medutim, neke studije prikazuju jed-
naku ucestalost fraktura i na femoralnoj i na tibijalnoj
strani, sa stopama od 0,3% do 2,5% za femur i od 0,4%
do 1,7% za tibiju [8]. Felix i saradnici razvili su najce-
$¢e koris¢eni sistem klasifikacije periprotetskih fraktura
proksimalne tibije, koji ima izuzetnu klini¢ku vrednost
jer usmerava i olaksava izbor plana lecenja [9].

Revizionu TKA karakterisu veliki izazovi za orto-
pedske hirurge. Najvaznija pitanja koja treba resiti to-
kom operacije uklju¢uju poravnanje komponenti, nivo
zglobne linije, neusaglasenost izmedu ekstenzione i
fleksione faze, kao i biomehaniku patelofemoralnog
zgloba i aparata za ekstenziju. Obimni gubitak kosti i
nestabilnost u frontalnoj i sagitalnoj ravni ¢esto zah-
tevaju upotrebu ogranicenih, 3arki dizajna implantata
sa metalnim augmentima i stemovima koji se fiksiraju
pod pritiskom ili cementiraju [10].

Ova serija slu¢ajeva prikazuje dva primera u koji-
ma je reviziona TKA bila indikovana zbog asepti¢nog
labavljenja i periprotetske frakture tibije, a u kojima je
revizionu proceduru izvedena koris¢enjem NexGen®
Rotirajuc¢e Sarke Kolena (Zimmer Biomet, Warsaw, In-
diana, Sjedinjene Americke Drzave).

INTRODUCTION

The number of total knee arthroplasty (TKA) proce-
dures shows a growing trend in orthopedic hospitals
worldwide. It is expected that in the United States, the
number of patients undergoing TKA will increase sev-
enfold from 2004 to 2030 [1]. Although TKA has a great
to excellent long-term survival rate, with some studies
demonstrating this rate to be 89-96% in 15-year inter-
val, it is not surprising that, given the increased life ex-
pectancy and aging population with a more significant
number of comorbidities, the frequency of revision
TKA will also rise [2,3]. Several studies have examined
the epidemiological aspects of revision TKA. They dis-
covered that the most common indications are aseptic
loosening, periprosthetic joint infection (PJI), instabil-
ity, patellofemoral complications, and periprosthetic
knee fractures [4,5].

Alongside PJI and instability, aseptic loosening is
one of the most common reasons for revision of knee
arthroplasties. It is multifactorial in origin, and pre-
sumed risk factors that have a crucial role in pathoge-
netic pathways of prosthesis component loosening
include failure of cement fixation (at the cement-bone
interface in particular), osteolysis due to the response
of histiocytic cells to polyethylene wear, component
malalignment, use of constrained prosthetic designs,
and improper soft tissue and ligament tension [6].

Unlike aseptic loosening, periprosthetic fractures
represent a rare indication for revision TKA. Their prev-
alence ranges from 0.3% to 5.5%, with distal femur
fractures being more common than proximal tibia frac-
tures [7]. However, some studies demonstrate an equal
occurrence of fractures on the femoral and tibial sides,
with rates ranging from 0.3% to 2.5% on the femoral
side and from 0.4% to 1.7% on the tibial side, respec-
tively [8]. Felix et al. developed the most frequently used
classification system for proximal tibial periprosthetic
fractures, which has excellent clinical value because it
guides and facilitates the choice of treatment plan [9].

Revision TKA represents a great challenge for ortho-
pedic surgeons. The most critical issues that should be
addressed during surgery include component alignment,
joint line level, extension-flexion gap mismatch, and the
biomechanics of the patellofemoral joint and extensor
apparatus. Extensive bone loss and instability in both the
coronal and sagittal planes often necessitate the use of
a constrained, hinged implant design with metal aug-
ments and press-fit or cemented stem extensions [10].

This case series demonstrates two cases in which re-
vision TKA was indicated due to aseptic loosening and
periprosthetic tibia fracture, in which the revision pro-
cedure was performed using NexGen® Rotating Hinge
Knee (Zimmer Biomet, Warsaw, Indiana, United States).
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PRIKAZI SLUCAJEVA

Slucaj 1

Pacijentkinja stara 60 godina javila se u nasu ustanovu
zbog bolova i nestabilnosti desnog kolena, praéenih
smanjenim obimom pokreta i otezanim hodanjem. Pri-
marna TKA uradena je u drugoj ustanovi pre devet go-
dina zbog primarnog osteoartritisa kolena. Prvi simp-
tomi su se pojavili tri godine pre dolaska, a znacajno
su se pogorsali tokom poslednjih nekoliko meseci, oz-
biljno narusavajuci sposobnost obavljanja svakodnev-
nih aktivnosti (ADL). Pacijentkinja nije imala znacajnu
medicinsku anamnezu povezanu sa trenutnim proble-
mom kolena.

Tokom klinickog pregleda uocili smo antalgijski i
nestabilan obrazac hoda, karakterisan varusnim trza-
jem i deformitetom hiper-ekstenzije (recurvatum). Ho-
danje je bilo onemoguceno bez koris¢enja pomocnih
sredstava (Stake) u obe ruke. Pri inspekciji, dok je paci-
jentkinja bila udobno smestena na pregledu, uoceno
je blago oticanje desnog kolena, koje je bilo u varus
polozaju. Na prednjem delu desnog kolena nalazio se
stari, zarastao hirurski oZiljak, bez znakova zapaljenja.
Aktivni obim pokreta (ROM) iznosio je 0-90°, dok je
pasivni ROM bio -10-100°, sa 10° hiperekstenzije. Pri-
sustvo nestabilnosti kolena potvrdeno je varus stres
testom, koji je pokazao znacajno otvaranje sa lateralne
strane. Vaskularni i neuroloski status desne noge bio je
ocuvan. Na kraju fizickog pregleda izmereni su klinic-
ki i funkcionalni skorovi Americkog drustva za koleno
(Knee Society Scores - KSS), koji su iznosili 35 i 27.

Radioloska procena obuhvatila je standardnu seri-
ju rendgenskih snimaka desnog kolena (Slika 1). Ante-

Slika 1. Preoperativni AP i profilni snimak desnog kolena pacijentkinje starosti 60
godina koji pokazuje asepticno razlabavljenje totalne endoproteze kolena, sa teSkom
malpozicijom tibijalne komponente u varusu i femoralne komponente u ekstenziju

CASE REPORTS
Case 1

A 60-year-old female patient presented to our hospital
with complaints of pain and instability of her right knee,
accompanied by decreased range of motion and diffi-
culty walking. Primary TKA was performed in another
institution nine years ago because of primary knee os-
teoarthritis. The first symptoms appeared three years
before presentation, and they worsened significantly
throughout the last couple of months, interfering sig-
nificantly with the performance of activities of daily liv-
ing (ADL). The patient did not report any other notable
medical history related to the current knee problem.
During the physical examination, we initially ob-
served an antalgic and unstable gait pattern, character-
ized by varus thrust and recurvatum deformity. Ambula-
tion was impossible without assistive devices (crutches)
in both arms. Upon inspection, with the patient comfort-
ably positioned on the examination bed, we found minor
swelling in the right knee, which was in varus alignment.
There was an old, healed surgical scar on the anterior as-
pect of the right knee, with no signs of inflammation. The
active range of motion (ROM) was 0-90°, and the passive
ROM was -10-100°, with 10° of hyperextension. The find-
ing of knee instability was confirmed while performing a
varus stress test, which demonstrated a significant open-
ing on the lateral side. The vascular and neurologic status
of the right leg was intact. We obtained clinical and func-
tional American Knee Society Scores (KSS) at the end of
the physical exam, which were 35 and 27, respectively.
The radiologic assessment included a standard X-ray
series of the right knee (Figure 1). AP and lateral views

Figure 1. Preoperative right knee AP and lateral view of 60-year old female pa-
tient suffering from aseptic loosening of total knee prosthesis, with severe mal-
position of tibial component into varus and femoral component into extension
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roposteriorni (AP) i bocni prikazi pokazali su ozbiljno
labavljenje komponenti, sa radiolucentnim zonama
irim od 5 mm oko i tibijalne i femoralne komponen-
te. Tibijalna komponenta je potonula u varus polozaj, a
vrh tibijalnog nastavka gotovo da je probijao lateralni
plato. Na bo¢nom snimku se uocavala femoralna kom-
ponenta u polozaju ekstenzije i znacajno povecanje
zadnjeg nagiba tibije.

Uzimajudi u obzir klinicke nalaze (teska, dvosmerna
nestabilnost) i ocekivani gubitak kosti vidljiv na radio-
grafiji kolena, odlucili smo da izvedemo revizionu TKA
sa implantatom u obliku rotirajuce Sarke. Nakon raz-
govora sa pacijentkinjom o terapijskim opcijama, mo-
guc¢im komplikacijama i postoperativnim funkcional-
nim ocekivanjima, dobijena je informisana saglasnost.
Pacijentkinja je primljena u bolnicu dan pre planirane
operacije. Profilaksa protiv tromboembolije (niskomo-
lekularni heparin - LMWH) zapoceta je dan pre opera-
cije i nastavljena tokom pet nedelja. Imajuci u vidu visu
ucestalost periprotetskih infekcija nakon revizione TKA,
antibiotska terapija (cefazolin) uvedena je preoperativ-
no i nastavljena tokom pet dana posle operacije.

Nakon standardne preoperativne pripreme opera-
tivnog polja i u uslovima opSste anestezije, izveden je
longitudinalni rez na prednjoj strani desnog kolena,
pratedi stari hirurski oziljak. S obzirom na ocekivano
produzeno trajanje operacije, odluc¢eno je da se revi-
ziona TKA izvede bez naduvavanja pnenumatske man-
zetne. Nakon disekcije mekih tkiva, uradena je standar-
dna medijalna parapatelarna artrotomija i otvorena je
zglobna 3upljina. U pocetku su uklonjena fibroti¢na
oziljna tkiva i priraslice iz suprapatelarnog dzepa, kao i
izmedijalnih i lateralnih kanala. Zglobna te¢nost i uzor-
ci tkiva poslati su na mikrobioloSku analizu za intraope-
rativnu (ekstemporalnu) biopsiju, kako bi se iskljucilo
prisustvo patogenih bakterija.

Nakon oslobadanja mekih tkiva, Homan retraktori su
postavljeni posteriorno, $to je omogucilo luksaciju ko-
lenske proteze. Zatim je zapoceto uklanjanje olabavlje-
nih komponenti proteze. Polietilenski umetak uklonjen
je pomocu specijalnog ekstraktora. Femoralna kompo-
nenta je razdvojena na spoju komponenta-cement upo-
trebom uskih osteotoma i recipro¢ne testere, uzizuzetnu
paznju da se izbegne jatrogeno ostecenje kosti. Ekstrak-
cija femoralne komponente zavriena je koris¢enjem tzv.
»Slap hammer” alata. Tibijalna komponenta je uklonjena
na slican nacin pomocu reciprocne testere.

Nakon procene gubitka kosti i stabilnosti ligame-
nata, pristupilo se pripremi intramedularnog kanala ti-
bije koriS¢enjem reamera sa postepenim povecanjem
precnika. Tibijalna povrsina je resecirana kako bi se iz-
ravnala i omogucilo postavljanje trabekularnog bloka
pune veli¢ine (10 mm) i augmenta polubloka (5 mm)

demonstrated severe component loosening, with more
than 5 mm of radiolucent zones surrounding both the tib-
ial and femoral components. The tibial component sub-
sided into a varus position, with the tip of the tibial keel
nearly protruding through the lateral plateau. The lateral
view also showed a femoral component in the extended
position and a significantincrease in posterior tibial slope.

Given the clinical findings (severe, bidirection-
al instability) and the expected bone loss evident on
knee radiographs, we decided to perform a revision
TKA with a rotating hinge knee implant. We obtained
informed consent after discussing treatment options,
possible complications, and postoperative functional
expectations with the patient. The patient was admit-
ted to the Hospital one day before the planned surgery.
Thromboembolic prophylactic therapy (low molecular
weight heparin, LMWH) was started one day before the
surgery and continued for five weeks. Given the higher
incidence of periprosthetic joint infection after revision
TKA, antibiotic treatment (cephazolin) was started pre-
operatively and continued for five days after surgery.

After standard preoperative preparation of the sur-
gical field, under the conditions of general anesthesia,
a longitudinal incision was made in the anterior aspect
of the right knee following the old surgical scar. Given
the expected prolonged surgical time, we decided to
perform a revision TKA without inflating the tourni-
quet. After soft tissue dissection, standard medial para-
patellar arthrotomy was done, and the joint space was
revealed. Initially, we removed the fibrotic scar tissue
and adhesions from the suprapatellar pouch and me-
dial and lateral gutters. Joint aspiration fluid and tissue
samples were sent to the microbiology department
for extempore biopsy to check for the possible pres-
ence of pathogenic bacteria. After soft tissue release,
Homan retractors were placed posteriorly, allowing for
the luxation of the knee prosthesis. We then began by
extracting the loosened prosthesis components. The
polyethylene insert was removed using a special ex-
tractor. The femoral component was then detached at
the component-cement interface using narrow osteo-
tomes and a reciprocating saw, with extreme care be-
ing taken to avoid any iatrogenic bone loss. Extraction
of the femoral component was completed with the use
of a slap hammer. The tibial component was removed
in a similar fashion using a reciprocating saw.

After assessing bone loss and ligamentous stabili-
ty, we proceeded with preparing the medullary canal
of the tibia using reamers of progressively increasing
diameter. A tibial recut was made to flatten the surface
of the tibial plateau and allow the accommodation of
a trabecular whole block (size 10 mm) and a half block
augment (size 5 mm), which was placed medially. After
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koji je postavljen medijalno. Nakon izbora odgovaraju-
Ce velicine tibijalne platforme i odredivanja njene po-
zicije, zapoceta je priprema distalnog femura. Intrame-
dularni kanal femura reamiran je istom tehnikom kao
kod tibije. Procena veli¢ine i rotacije femoralne kom-
ponente izvrdena je uzimajudi u obzir mediolateralni
precnik izmeren izmedu epikondila. Probna femoralna
komponenta je postavljena i izvrSeno je balansiranje
fleksionog i ekstenzionog razmaka.

Zbog preoperativno prisutnog recurvatum defor-
miteta, jedan od imperativa bio je postavljanje femo-
ralne komponente distalnije, 5to je zahtevalo upotrebu
distalnih augmenata. Neuskladenost izmedu fleksije i
ekstenzije reSena je posteriornim augmentima na fe-
muru. Pored pravilnog poravnanja i stabilnosti u ek-
stenziji i fleksiji, procenjen je i nivo zglobne linije ko-
rid¢enjem dostupnih anatomskih repera, kao 3to su
medijalni i lateralni epikondil, kao i patela.

Nakon probnog postavljanja komponenti, verifiko-
vani su kinematika kolena i stabilnost kroz puni obim
pokreta. Potom je turniket naduvan, a koStane povrsi-
ne ocis¢ene pulsirajuc¢im ispiranjem. Cement je aplici-
ran u intramedularne kanale tibije i femura, a konac-
ne komponente su postavljene. Nakon ocvricavanja
cementa, postavljen je zavrsni polietilenski umetak i
montiran je mehanizam Sarke. Rana je potom temeljno
isprana i zatvorena po anatomskim slojevima.

Rehabilitacija je zapocleta prvog postoperativhog
dana, u skladu sa protokolima bolnice. Rana mobilizacija
ukljucivala je pasivne i aktivne vezbe obima pokreta radi
poboljsanja fleksibilnosti i smanjenja uko¢enosti zgloba.
Puna teZinska opterecenja bila su dozvoljena u skladu sa
tolerancijom pacijenta, uz koriS¢enje pomocnih sredsta-
va poput Staka ili hodalice radi stabilnosti pri hodu. Po-
stizanje adekvatnog obima fleksije kolena bilo je priori-
tet, $to je podsticano koris¢enjem uredaja za kontinuira-
ni pasivni pokret (CPM), koji je bio podesen na unapred
odredenu brzinu i obim, uz postepeno prilagodavanje u
skladu sa tolerancijom i napretkom pacijenta.

Postepeno su uklju¢ene vezbe za jacanje kvadri-
cepsa, zadnje loze i okolne muskulature kako bi se po-
drzala stabilnost i funkcija zgloba. Takode, edukacija
pacijenta je ukljucivala savete o svakodnevnim aktiv-
nostima i strategijama za zastitu zgloba radi optimiza-
cije funkcionalnog oporavka. Rehabilitacioni plan bio
je individualno prilagoden potrebama svakog pacijen-
ta, uz blisko klinicko pracenje radi prepoznavanja even-
tualnih komplikacija i postizanja optimalnih rezultata.

Postoperativni tok bio je uredan, bez komplikacija, i
pacijentkinja je otpustena iz bolnice petog postoperativ-
nog dana. Prva postoperativna kontrola zakazana je me-
sec dana nakon operacije, kada je pacijentkinja prikazala
znacajno poboljsan obrazac hoda i izrazeno povecanje

selecting the appropriate size of the tibial platform and
determining its position, we prepared the distal femur.
We began by reaming the medullary canal, following
the same procedure as for the tibia. We then assessed
the size and rotation of the femoral component, taking
into account the mediolateral diameter calculated from
the trans-epicondylar distance. We then placed the trial
femoral component and performed balancing of flex-
ion and extension gaps.

Given the preoperative recurvatum deformity, one
of the imperatives was to put the femoral component
more distally, which necessitated the use of distal aug-
ments. The resultant flexion-extension gap mismatch
was solved with posterior femoral augments. Besides
proper alignment and stability in extension and flexion,
thejoint line level was assessed using available anatom-
iclandmarks, such as the medial and lateral epicondyles
and the patella.

After trial reduction, knee kinematics and stability
were verified through a full range of motion. The tourni-
quet was then inflated, and bone surfaces were cleaned
with a pulsatile lavage system. Cement was applied
into the medullary canals of the tibia and femur, and
final components were placed. Once the cement was
cured, the final polyethylene insert was inserted, and
the hinge post mechanism was assembled. The wound
was then thoroughly irrigated and sutured following
the anatomic layers.

Rehabilitation began on the first postoperative
day, following the hospital’s protocols. Early mobiliza-
tion included passive and active range-of-motion ex-
ercises to promote flexibility and reduce joint stiffness.
Full weight-bearing was permitted as tolerated, with
patients using assistive devices such as crutches or a
walker to ensure stability during ambulation. Achiev-
ing an adequate range of knee flexion was a priority,
reinforced through the use of a continuous passive
motion (CPM) apparatus, typically set at a predeter-
mined speed and range and adjusted gradually based
on patient tolerance and progress.

Gradual progression of strengthening exercises
targeting the quadriceps, hamstrings, and surrounding
musculature was initiated to support joint stability and
function. Additionally, patient education emphasized
activities of daily living and joint protection strategies
to optimize functional recovery. The rehabilitation
plan was tailored to meet the individual needs of each
patient, with close clinical monitoring to address any
complications and facilitate optimal outcomes.

The postoperative course was uneventful, and the
patient was discharged from the Hospital on the 5th
postoperative day. The first postoperative control was
scheduled one month after surgery, and the patient
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Slika 2. Postoperativni AP i profilni snimak iste pacijentkinje uinjen na kontrol-
nom pregledu 2 godine nakon operacije, koji pokazuje urednu poziciju proteze,
bez znakova razlabavljenja

obima pokreta desnog kolena. Pracenje je nastavljeno
dve godine, a pri poslednjoj kontroli pacijentkinja je u
potpunosti povratila normalnu funkcionalnost bez ikak-
vih simptoma. Ovo poboljsanje je dodatno potvrdeno
klinickim i funkcionalnim KSS skorovima, koji su iznosili
88 i 95. Kontrolne radiografije su pokazale dobro postav-
liene komponente TKA bez znakova labavljenja (Slika 2).
Slucaj 2

Pacijentkinja stara 73 godine primljena je u nasu bol-
nicu zbog povrede levog kolena nastale usled pada sa
visine stajanja, koja se dogodila pet dana pre javljanja.
Glavna tegoba bila je bol u levom kolenu prilikom po-
kuSaja oslanjanja na nogu. Primarna TKA uradena je pre
14 godina u nasoj ustanovi. Fokusiranim fizikalnim pre-
gledom u urgentnoj jedinici utvrdeno je prisustvo izra-
zenog otoka i deformiteta levog kolena, dok je pokret-
liivost kolena bila ogranic¢ena zbog bola. Na prednjoj
strani levog kolena uocen je stari hirurski oziljak. Nisu
zapazene kozne promene niti poremecaji lokalnog va-
skularnog i neuroloskog statusa.

Uradena je trauma serija rendgenskih snimaka po-
vredenog kolena. Prikazana je periprotetska fraktura
tibijalne ploce, tip 1IB, prema klasifikaciji koju su pred-
lozili Lewis i saradnici (fraktura koja zahvata celu prok-
simalnu tibiju uz labavljenje tibijalne komponente)
(Slika 3). Tibijalna komponenta je propala u varus polo-
Zaj, a njen vrh je probio kroz anterolateralnu korteksu
proksimalne metafize tibije. Na bo¢nom snimku uocen
je drasti¢no povecan tibijalni nagib.

Zbog otkaza tibijalne komponente izazvanog pe-
riprotetskom frakturom, odluc¢eno je da se uradi revi-

Figure 2. Postoperative AP and lateral views of the same patient at 2-year fol-
low-up, showing no signs of component malalignement or loosening

presented with a significantly improved gait pattern
and a notable increase in right knee range of motion.
Follow-up continued for two years, and at the last visit,
the patient returned entirely to normal functional sta-
tus and was free of any symptoms. This improvement
was further confirmed with clinical and functional KSS,
which measured 88 and 95, respectively. Control radio-
graphs confirmed well-positioned TKA components
without signs of loosening (Figure 2).

Case 2

A 73-year-old female patient was admitted to our hos-
pital because of an injury to her left knee that result-
ed from a fall from a standing height that happened
five days before the presentation. Her chief complaint
is pain in the left knee in an attempt to bear weight.
Primary TKA was performed 14 years ago in our Hospi-
tal. A focused physical examination at the Emergency
Unit revealed significant swelling and deformity of the
left knee, with movement of the left knee inhibited by
pain. An old surgical scar was inspected on the front
aspect of the left knee. There were no skin lesions or
disturbance of local vascular and neurologic status.

A trauma X-ray series of the injured knee was ob-
tained. They demonstrated a periprosthetic fracture of
the tibial plateau, type IIB, according to the classifica-
tion system proposed by Lewis et al. (fracture spanning
across the entire proximal tibia with tibial component
loosening) (Figure 3). The tibial component subsided
into a varus position, with its tip protruding through
the anterolateral cortex of the proximal tibial metaph-
ysis. The lateral view also demonstrated a drastically
increased tibial slope.
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Slika 3. Preoperativni AP i profilni snimak levog kolena pacijentkinje starosti
73 godine koji pokazuje periprotetski prelom proksimalne tibije nakon pada na
ravnoj podlozi

ziona TKA uz primenu implantata sa rotiraju¢om 3ar-
kom (RHK). Nakon dobijanja informisanog pristanka
pacijentkinje, sprovedena je preoperativna priprema.
Primenjen je isti protokol za tromboembolijsku i anti-
biotsku profilaksu, s obzirom na sloZzenost operacije i
visok rizik od komplikacija u ovoj starosnoj grupi.

Hirurski zahvat izveden je u opstoj anesteziji. U
dogovoru sa anesteziologom, odluceno je da se kori-
sti “Cell Saver” aparat za prikupljanje i obradu aspiri-
rane krvi, koja se potom vracala pacijentkinji, imajudi
u vidu ocekivani gubitak krvi tokom intervencije. Hi-
rurska tehnika se ni u jednom aspektu nije razlikovala
od one primenjene u prvom slucaju. Posebna paznja
posvecena je ekstrakciji tibijalne komponente, kako bi
se ocuvalo §to vise kosti. Zbog obrasca preloma i loseg
kvaliteta kosti, bilo je neophodno resecirati deo prok-
simalne tibije kako bi se doslo do zdravog kostanog
tkiva koje bi omogucilo pravilno postavljanje tibijalne
komponente.

Radi reSavanja problema sa nivoom zglobne lini-
je i oCekivane labavosti u ekstenzionom i fleksionom
razmaku, odlu¢eno je da se tibija augmentira trabeku-
larnim blokom pune veli¢ine od 10 mm. Takode je bila
neophodna i revizija femoralne komponente, kako bi
se obezbedio prostor za veliki okvir potreban za sme-
$taj mehanizma sarke. Priprema femura zahtevala je
upotrebu distalnih i posteriornih augmenata. Dugme
patele je uklonjeno zbog znakova istrosenosti, a s obzi-
rom na los kvalitet preostale kosti, odlu¢eno je da se ne
ugraduje nova komponenta patele.

Primijenjen je identican protokol rehabilitacije kao
i u prethodnom slucaju, s tim $to puna tezinska opte-

Bl 1 @
Figure 3. Preoperative left knee AP and lateral view of 73-year old female pa-
tient who suffered from proximal tibia periprosthetic fracture following fall from
standing height

Given the failure of the tibial component caused by
a periprosthetic fracture, we decided to perform a revi-
sion TKA again using an RHK implant. We obtained in-
formed consent and proceeded with the preoperative
preparation. The same protocol for thromboembolic
and antibiotic prophylactic therapy was followed, giv-
en the complexity of surgical treatment and the high
risk of complications in this age group. The procedure
was performed under general anesthesia. After consul-
tation with the attending anesthesiologist, we decided
to use a Cell Saver machine to collect and process the
aspirated blood and then return it to the patient due to
the expected blood loss during the surgery. The surgi-
cal technique did not differ in any aspect from the first
case. Special care was taken during the extraction of
the tibial component to preserve as much bone as pos-
sible. Given the fracture pattern and poor bone quali-
ty, we had to resect part of the proximal tibia to reach
good-quality bone that would allow for proper seating
of the tibial component. To resolve the problem with
the joint line level and the expected loose extension
and flexion gap, we again decided to augment the tib-
ia with the 10 mm whole block trabecular augment. A
revision of the femoral component was also required
to accommodate the large box necessary to seat the
hinge mechanism. Femoral preparation also neces-
sitated the use of distal and posterior augments. The
patellar button was removed due to evidence of wear,
and we did not want to pursue implanting another
button, given the poor quality of the remaining bone.

The identical rehabilitation protocol was followed
in this case, except that full weight-bearing was not
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Slika 4. Postoperativni AP i profilni snimak iste pacijentkinje ucinjen na kontrol-
nom pregledu godine nakon operacije, koji pokazuje urednu poziciju proteze,
bez znakova razlabavljenja

recenja nisu bila dozvoljena tokom prve tri postope-
rativne nedelje. Pacijentkinja je otpustena iz bolnice
sedmog postoperativnhog dana i vra¢ena na redovnu
kontrolu mesec dana nakon operacije, sa zadovoljava-
jucim rezultatima. Kontrolni rendgenski snimak levog
kolena, uraden dve godine nakon operacije, pokazao
je dobro postavljene komponente bez znakova otkaza
implantata (Slika 4).

Informisani pristanak za objavljivanje ovih slucaje-
va dobijen je od pacijentkinja, u skladu sa eti¢kim stan-
dardima.

DISKUSLJA

Lecenje kompleksnih revizija TKA i dalje predstavlja
veliki izazov u ortopedskoj hirurgiji, narocito kada se
radi o slu¢ajevima sa znacajnim gubitkom kosti, liga-
mentarnom nestabilnos¢u ili prethodnim visestrukim
operacijama. U takvim situacijama, tradicionalne pro-
teze sa fiksnim lezistem ili polu-konzervativne proteze
kolena mozda nece obezbediti potrebnu funkcionalnu
stabilnost i opseg pokreta. Ova serija slucajeva prikazu-
je primenu proteza sa rotiraju¢om sarkom kao odrzivo
reenje kod revizionih TKA intervencija kod pacijenata
sa navedenim komplikacijama.

Proteze sa rotiraju¢om Sarkom nude vise predno-
sti u poredenju sa konvencionalnim dizajnima, prven-
stveno zbog svoje urodene stabilnosti i prilagodljivosti
kompromitovanim anatomskim uslovima. Ove proteze
imaju mehanizam rotacije koji omogucava prosireni
opseg pokreta, smanjuje mehanicka ukljestenja i po-
boljsava dinamiku fleksije i ekstenzije. Ovo moze biti
posebno korisno u revizionim slu¢ajevima kod kojih je

gl 1 8

Figure 4. Postoperative AP and lateral views of the same patient at 2-year fol-
low-up, showing no signs of component malalignement or loosening

allowed for the first three postoperative weeks. The
patient was discharged from the Hospital after seven
days and returned for regular control one month after
the surgery with satisfactory results. The control X-ray
of the left knee, taken 2 years after surgery, showed
well-positioned components with no signs of implant
failure (Figure 4). Informed consent was obtained from
the patients for the publication of their cases, in accor-
dance with ethical standards.

DISCUSSION

The management of complex revisions in TKA remains
a formidable challenge in orthopedic surgery, par-
ticularly when addressing issues such as significant
bone loss, ligamentous instability, or multiple prior
surgeries. In these scenarios, traditional fixed-bearing
or semi-constrained knee prostheses may not provide
the necessary functional stability and range of motion.
This case series highlights the application of rotating
hinge knee prostheses as a viable solution in revision
TKA for patients experiencing these complications.
Rotating hinge prostheses offer several advantages
over conventional designs, primarily due to their inher-
ent stability and adaptability to anatomical conditions
that are compromised. The design features a rotating
mechanism that allows for an enhanced range of mo-
tion, reduces impingement, and facilitates better flex-
ion-extension dynamics. This can be particularly ben-
eficial in revision cases where the integrity of the soft
tissue envelope is compromised, allowing for more
predictable outcomes and improved patient satisfac-
tion [11,12]. Our findings are consistent with previous
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narusena integritet mekih tkiva, jer omogucava pred-
vidljivije ishode i povecano zadovoljstvo pacijenata
[11,12]. Nasi nalazi su u skladu sa prethodnom literatu-
rom, koja takode ukazuje na poboljsane funkcionalne
rezultate i stabilnost implantata kod sli¢nih grupa pa-
cijenata [13,14].

Nasa serija slucajeva je pokazala zadovoljavajuce
klinicke ishode, ukljucujuc¢i smanjenje bola i pobolj-
sanje funkcionalnih rezultata, sto se poklapa sa posto-
je¢om literaturom koja podrzava primenu rotirajucih
Sarki u sli¢nim revizionim situacijama [15]. Posebno
znacajno jeste ukljucivanje procene pacijenata putem
subjektivnih pokazatelja (PROM:s), 3to je naglasilo vaz-
nost procene ne samo klini¢kih parametara, veci perci-
piranog kvaliteta Zivota nakon operacije. Uporedivanje
nasih rezultata sa prethodnim istrazivanjima naglasava
klinicku vaznost rotirajucih 3arki u postizanju balansa
izmedu stabilnosti i pokretljivosti u slozenim revizio-
nim slucajevima.

Medutim, upotreba rotiraju¢ih 3arki nije bez iza-
zova. Potrebna je slozenija hirurska tehnika, postoji
povecan rizik od komplikacija kao $to su infekcije i la-
bavljenje komponenti, a neophodno je i pazljivo preo-
perativno planiranje i procena. Rizici uklju¢uju meha-
nicki otkaz (npr. dislokaciju 3arke ili frakturu), asepti¢no
labavljenje i infekciju — sve to moze negativno uticati
na ishod i zahtevati dodatne operacije. Strategije za
smanjenje tih rizika ukljucuju pazljiv odabir kandidata,
detaljnu procenu kvaliteta kostiju i interdisciplinarnu
saradnju radi optimalnog perioperativnog vodenja
[15]. Prepoznavanje ovih potencijalnih ogranicenja
u skladu je sa nalazima iz literature, koja istice da du-
gorocna izdrzljivost ovih proteza ostaje oblast za dalja
istrazivanja.

Na kraju, iako primena proteza sa rotirajucom
sarkom u revizionoj TKA donosi specificne prednosti,
ona zahteva sveobuhvatno razumevanje indikacija i
kontraindikacija, kao i otvoren dijalog o o¢ekivanjima
pacijenata. Ova serija sluCajeva podseca na vaznost in-
dividualizovanog pristupa hirurskom lecenju u kontek-
stu revizione artroplastike, pomerajudi granice onoga
$to je moguce postici u rekonstrukciji slozenih povreda
kolena. Potrebne su daljnje studije velikih razmera sa
duzim pracenjem kako bi se ovi nalazi potvrdili i usta-
novili dugoroc¢ni rezultati ovog pristupa [16].

ZAKLJUCAK

Upotreba proteza kolena sa rotiraju¢om Sarkom u re-
vizionim totalnim artroplastikama kolena pokazuje
ohrabrujuce rezultate, narocito u slucajevima sa zna-
¢ajnim gubitkom kosti i nestabilno$¢u. Ova serija slu-
Cajeva naglasava znacaj individualizovanog hirurskog
planiranja i detaljne preoperativhe procene u posti-

literature, which demonstrates improved functional
outcomes and implant stability in similar patient pop-
ulations [13,14].

Our case series demonstrated satisfactory clinical
outcomes, including pain reduction and improved
functional scores, aligning with the existing literature
advocating for the use of rotating hinge prostheses in
similar revision scenarios [15]. Notably, the incorpora-
tion of patient-reported outcome measures (PROMs)
underscored the importance of assessing not only
clinical metrics but also the perceived quality of life
among patients post-operatively. Comparing our
results with prior research emphasizes the clinical
significance of rotating hinge designs in achieving a
balance between stability and mobility in complex
revision scenarios.

However, the use of rotating hinge knee prosthe-
ses is not without its challenges. The increased com-
plexity of surgical technique, potential for higher rates
of complications such as infections and component
loosening, and the need for meticulous preoperative
planning and assessment must be emphasized. Risks
include mechanical failure (e.g., hinge dislocation or
fracture), aseptic loosening, and infection - all of which
can adversely impact outcomes and may require fur-
ther surgical intervention. Strategies to mitigate these
risks include the careful selection of candidates, thor-
ough evaluation of host bone quality, and interdisci-
plinary collaboration for optimal perioperative man-
agement [15]. Recognizing these potential tations
align with findings from the literature, which note that
long-term durability remains an area for ongoing in-
vestigation.

Ultimately, while the adoption of rotating hinge
knee prostheses in revision TKA presents unique
advantages, it necessitates a comprehensive under-
standing of the specific indications and contraindi-
cations, as well as an open dialogue about patient
expectations. This case series serves as a reminder
of the importance of tailored surgical solutions in
the context of revision arthroplasty, pushing forward
the boundaries of what can be achieved in complex
knee reconstructions. Further large-scale studies with
extended follow-up are warranted to validate these
findings and establish long-term outcomes associat-
ed with this approach [16].

CONCLUSION

The use of rotating hinge knee prostheses in revision
total knee arthroplasty demonstrates promising out-
comes, particularly in cases involving significant bone
loss and instability. This case series underscores the im-
portance of individualized surgical planning and thor-
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zanju optimalnih rezultata kod pacijenata. Potrebna
su dodatna istrazivanja kako bi se ovi nalazi potvrdili i
ustanovila dugoroc¢na efikasnost ove metode.
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COLLES FRACTURE — HISTORICAL RETROSPECTION

Prelom distalnog okrajka radijusa, u praksi ¢esto
nazivan fractura radii in loco typico - mada je ispravniji
termin fractura radii in zona typica - jedan je od najce-
8¢ih preloma sa kojima se hirurg ili traumatolog susre-
¢e u svom svakodnevnom radu. Njegova ucestalost
dovoljan je izazov za jedan kradi istorijski pregled, koji
omogucava bolje razumevanje ove frakture [1,2].

Mada pisanih dokumenata nema, jedan istrazivac
je na ekshumiranoj egipatskoj mumiji otkrio frakturu
sa intaktnom imobilizacijom das¢icama, kakvu i danas
susre¢emo Sirom sveta u nedostatku modernih oblika
imobilizacije [3].

Od vremena Hipokrata pa do pocetka XIX veka,
prelomi distalnog okrajka radijusa su ¢esto pogresno
tumaceni kao is¢asenje ru¢nog zgloba. U Hipokratovim
radovima (V vek pre nove ere) nalazimo samo nejasne
opise preloma podlaktice, mada je poznato da je on ra-
zlikovao luksacije zglobova i prelome nekih kostiju [4,5].

Ambroaz Pare (Ambroise Paré, 1510-1590) je prvi
spomenuo moguénost preloma radijusa i ulne [6].

Zan Luj Peti (Jean Louis Petit, 1674-1750) opisuje
pomak fragmenata ustranu i po duzini, smatrajuci da
je za to odgovoran musulus pronator teres [71].

Do kraja XVl veka, ovaj tip preloma nije bio dovolj-
no poznat, pa su se do tog vremena mesali pojmovi
uganuce, is¢asenje i prelom.

Klod Puto (Claude Pouteau, 1725-1775) bio je bri-
ljantni 3ef hirurgije u bolnici Hétel-Dieu de Paris [1,7]. U
delu Stampanom posthumno (1783. godine) u Parizu,
Puto je opisao prelome distalnog okrajka radijusa [8].
Opazio je da u ovom prelomu ¢esto nedostaju tipi¢ni
klinicki znaci — patoloSka pomicnost i krepitacije, pa se
zbog toga mogu zameniti distorzija i luksacija, te dija-
staza radijusa i ulne. Puto opisuje prelome distalnog
okrajka radijusa sa dorzalnim izbocenjem ili pomakom
distalnog fragmenta. Prepoznavao je nekoliko vrsta
fraktura, ¢ak i impaktirane, kod kojih nije mogao da iza-
zove krepitacije [8]. Navedeni rad Kloda Putoa nije bio
zapazen izvan Francuske tako da za njega nije znao Ej-
bram Koles kada je, 1814. godine, u Edinburgu publiko-
vao svoj rad:,O prelomu distalnog okrajka radijusa”[9].

Ejbram Koles (Abraham Colles, 1773-1843) bio je
znameniti irski hirurg i profesor anatomije na Irskom
kraljevskom koledzu hirurgije (engl. Royal College of
Surgeons in Ireland) [9-13]. Jasno i kratko je opisao naj-
¢edce konstatovanu frakturu distalnog okrajka radiju-
sa. Ono $to pomalo iznenaduje je da, mada odlican
anatomi crta¢, Koles ovaj svoj rad nije propratio ilustra-
cijama i analizom ozledivanja. Mozda je to dovelo do
toga da je Koles ovu frakturu locirao nesto proksimalni-
je [6,13-16]. Prema njegovom shvatanju prelom se na-
lazi otprilike in¢ i po (oko 4 cm) udaljen od radiokarpal-
nog zgloba, sa deformitetom zglobne povrsine, tako

Erci¢ J.

Fracture of the distal end of the radius, in clinical
practice commonly referred to as fractura radii in loco
typico - although the more correct term is fractura radii
in zona typica — is one of the most frequent fractures
encountered by surgeons or traumatologists in their
daily work. Its high incidence presents a sufficient rea-
son for a brief historical overview, enabling a better un-
derstanding of this fracture [1,2].

Although there are no written records, a researcher
discovered a fracture with intact immobilization with
wooden splints on an exhumed Egyptian mummy,
similar to the type of immobilization that can still be
found worldwide in the absence of modern forms of
immobilization [3].

From the time of Hippocrates until the beginning of
the 19t century, fractures of the distal end of the radius
were often mistakenly interpreted as dislocations of the
wrist joint. In Hippocrates'writings (5% century BCE), only
vague descriptions of forearm fractures can be found, al-
though it is known that he distinguished between joint
dislocations and fractures of certain bones [4,5].

Ambroise Paré (1510-1590) was the first author to
mention the possibility of fracture of the radius and
ulna [6].

Jean Louis Petit (1674-1750) described the dis-
placement of fragments laterally and along the length
of the bone, attributing this to the action of the prona-
tor teres muscle [7].

This type of fracture was not well understood until
the end of the 18™ century, and the terms sprain, dislo-
cation, and fracture were often confused.

Claude Pouteau (1725-1775) was the brilliant chief
surgeon of the Hétel-Dieu de Paris [1,7]. In an article
published posthumously in 1783, in Paris, Pouteau de-
scribed fractures of the distal end of the radius [8]. He
observed that in this type of fracture, the typical clini-
cal signs — abnormal mobility and crepitus - are often
absent, which can lead to sprains, dislocations, or dias-
tasis of the radius and ulna being confused with one
another. Pouteau described fractures of the distal end
of the radius with dorsal protrusion or displacement
of the distal fragment. He recognized several types of
fractures, including impacted ones, wherein crepitus
could not be elicited [8]. Pouteau’s article went largely
unnoticed outside of France, and as a result, Abraham
Colles was unaware of it when he published his paper
On the fracture of the carpal extremity of the radius, in
Edinburgh, in 1814 [9].

Abraham Colles (1773-1843) was a renowned lIrish
surgeon and Professor of anatomy at the Royal College of
Surgeons in Ireland [9-13]. He described clearly and con-
cisely the most commonly observed fracture of the distal
end of the radius. What is somewhat surprising is that,
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da odnos pri inspekciji podseca na luksaciju. Glavica
ulne prominira prema napred i ka unutra. Edem u zoni
loma nastaje zbog krvarenja medu tetivama fleksora
podlaktice. To je njegovo objasnjenje zasto pacijent
ima bolove prilikom pronacije, supinacije i provokacije
fleksije. Nema krepitacije, kao ni patoloske mobilnosti.
Ukoliko se pacijent povuce za $aku, nastali deformitet
se ispravlja, ali odmah nakon otpustanja ekstremiteta,
deformitet se ponovo manifestuje. Znacajno je da je
Koles opisao pomak uzduzne osovine ruke u radijalnu
stranu. | ovaj rad je objavljen u lokalnom medicinskom
Casopisu, pa je ostao nezapazen [9].

Baron Gijom Dipitren (Gulliame Dupuytren, 1777-
1835) je jo$ studentima ukazivao na ovaj prelom ra-
dijusa na svojim predavanjima. On kaze, u jednom
svom radu, objavljenom posthumno, 1847. godine, da
je uocio Cinjenicu da su mnogi pogresno dijagnostiko-
vali prelome distalnog okrajka radijusa kao luksacije
ru¢nog zgloba”[18,19]. Nadalje, on istice da je fraktura
karpalnog kraja radijusa Cesta, i da je uvek u tom pre-
lomu video pretpostavljenu dislokaciju ru¢nog zgloba,
mada se nije radilo o is¢asenju [20].

Zan Gaspar Blez Guaran (Jean-Gaspard Blaise
Goyrand, 1803-1886) je bio izvanredan hirurg u Eksu
(nedaleko Marselja) [1]. Razlikovao je epifizeolize i pre-
lome distalnog okrajka radijusa od radio-karpalnih
iS¢asenja. Zapazio je prominiranje distalnog kraja ulne
udruzene sa avulzijom stiloidnog nastavka ulne. Uocio
je i to da je, kod najveceg broja fraktura, distalni fra-
gment pomeren dorzalno, mada u nekim slu¢ajevima
opisuje i pomeranje ulomaka prema dlanu. Oba tipa
ovih preloma ilustrovao je u svojim radovima 1832. go-
dine, odnosno 1836. godine [21,22].

Ogist Nelaton (Auguste Nelaton, 1807-1873) je pro-
Sirio anatomske studije preloma opisujuci razli¢ite vari-
jacije ozleda i stepene kominucije. Intenzivno je ekspe-
rimentisao sa mehanizmima povredivanja na kadaveri-
ma. Podlaktice umrlih dezartikulisao je u laktu i uklanjao
olekranon. Sa fiksiranom sakom — u dorzalnoj ili volarnoj
fleksiji, i vertikalno uspravljenom podlakticom - lomio
je ceki¢em gornji kraj podlaktice. Tako nastale prelo-
me radijusa je disecirao i uporedivao sa mehanizmom
povrede. Nelaton upozorava na znacaj malih kostiju u
podrucju korena Sake, posto se u ¢asu pada Covek po
pravilu doc¢ekuje na ispruzenu ruku u dorzalnoj fleksiji
Sake. Pri tom, udarac primaju na sebe karpalne kosti, te
se Cunkasta kost utiskuje u distalni kraj radijusa. Iz ovo-
ga je vidljivo da je Nelaton pristalica Dipitrenove teorije
udara i protivudara (fr. coup et contrecoup) [23,24].

Alfred Arman Lui Mari Velpo (Alfred-Armand-Lou-
is-Marie Velpeau, 1795-1866) je posebno zanimljiva
licnost u istoriji medicine. On je eklatantan primer za
to kako ¢ovek neumornim radom i snagom volje moze

COLLES FRACTURE — HISTORICAL RETROSPECTION

despite being an excellent anatomist and illustrator, Col-
les did not accompany this publication with illustrations
or an analysis of the injury mechanism. This may have led
him to define the location of the fracture slightly more
proximally than it actually occurs [6,13-16]. According to
his understanding, the fracture is situated approximate-
ly an inch and a half (around 4 cm) from the radiocar-
pal joint, with a deformity of the articular surface, which
makes it appear, on inspection, as a dislocation. The
head of the ulna protrudes forward and inward. Swell-
ing at the fracture site arises due to bleeding between
the forearm flexor tendons. This, he explained, is why the
patient experiences pain during pronation, supination,
and elicited flexion. There is no crepitus nor pathological
mobility. If the patient’s hand is pulled, the deformity is
corrected; however, once the limb is released, the defor-
mity reappears. Notably, Colles described a shift of the
longitudinal axis of the hand toward the radial side. This
article was also published in a local medical journal and
thus remained largely unnoticed [9].

Baron Guillaume Dupuytren (1777-1835) had al-
ready been pointing out this type of radial fracture to
his students during his lectures. In one of his studies,
published posthumously in 1847, he stated that “he
had observed many cases of mistakenly diagnosed
fractures of the distal end of the radius as dislocations
of the wrist joint”[18,19]. Furthermore, he emphasized
that fractures of the carpal end of the radius were com-
mon and that he always observed what appeared to be
a dislocation of the wrist in such fractures. However, it
was not actually a dislocation [20].

Jean-Gaspard Blaise Goyrand (1803-1886) was an
exceptional surgeon from Aix (near Marseille) [1]. He
made a distinction between epiphysiolysis and frac-
tures of the distal end of the radius, on the one hand,
and radiocarpal dislocations, on the other. He noted
the prominence of the distal end of the ulna, often
accompanied by an avulsion of the ulnar styloid pro-
cess. He also observed that in the majority of fractures,
the distal fragment was displaced dorsally, although
in some cases he described displacement of the frag-
ments toward the palm. He illustrated both types of
these fractures in his works published in 1832 and
1836 [21,22].

Auguste Nélaton (1807-1873) expanded anatom-
ical studies of fractures by describing various injury
patterns and degrees of comminution. He conducted
extensive experiments regarding injury mechanisms
using cadavers. He disarticulated the forearms of the
deceased at the elbow and removed the olecranon.
With the hand fixed, in either dorsal or volar flexion,
and the forearm positioned vertically, he struck the up-
per part of the forearm with a hammer to induce frac-
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da napreduje od neukog pastira do jednog od najvecih
autoriteta operativne hirurgije. Bio je manuelno spre-
tan operater, vest govornik, pronicljiv dijagnosticar, te
marljivi stru¢an pisac. Krasile su ga savrSena jasnoca
i preciznost izrazavanja. Prvi je koji je deformitet koji
se javlja u prelomu distalnog okrajka radijusa nazvao
talon de fourchette, $to su anglosaksonski autori, 1859.
godine, preveli kao deformitet u obliku srebrne viljus-
ke (engl. silver fork deformity) [1,11,25,26].

Godine 1838, Dzon Rija Barton (John Rhea Barton,
1794-1871) je opisao dislokacionu frakturu radio-kar-
palnog zgloba, koja je kasnije eponimski povezana sa
njim [1,13,27,28]. Barton opisuje dva tipa preloma: prvi,
sa dorzalnim pomakom fragmenata, i drugi, redi tip, sa
palmarnim pomakom. Kao i Robert Viljem Smit, devet
godina kasnije, Barton je kao dorzalni pomak verovatno
opisao Kolesovu frakturu. Opazio je da se prelom obi¢no
zavr$ava nepovoljno po bolesnika. Barton jasno opisuje
subluksaciju ru¢nog zgloba kao posledicu preloma koji
zahvata artikulacionu povrsinu karpalnog kraja radijusa
i naglasava da su - pri ovom nesre¢nom padu - Cesto
slomljeni radijus i ulna, ali da zglob nije luksiran [27,28].

U svojoj ,Studiji o prelomima u blizini zglobova i
nekim oblicima traumatskih i kongenitalnih luksacija“,
Robert Viljem Smit (Robert William Smith, 1807-1873)
je, 1847. godine, objavio poglavlje o prelomima kostiju
podlaktice u blizini ru¢nog zgloba [30]. Ono sadrzi: ana-
tomski opis Kolesove frakture, opis separacije distalne
epifize radijusa, kao i opis preloma distalnog okrajka ra-
dijusa sa pomakom donjeg ulomka prema napred i sa
dorzalnom angulacijom - Smitov prelom. Kao i Guaran, i
Smit je analizirao postmortalne patoanatomske supstra-
te sraslih preloma, s tim Sto im se opisi odnose na klinic-
ka stanja i klini¢ku sliku, Sto svakako doprinosi nejasnodi
pojma opisanog kao dorzalna prominencija distalnog
okrajka radijusa. Smit to i istiCe kad kaze da ne moze sa
sigurno$¢u da govori 0 anatomskom svojstvu preloma
jer nije imao prilike da analizira svezi prelom ve¢, pos-
tmortalno, skelet podlaktice nakon ve¢ sraslog preloma
koji je pacijent tokom svog Zivota nekada pretrpeo. On
opisuje palmarni pomak distalnog ulomka radijusa i
dislokaciju donjeg radio-ulnarnog zgloba. Moguce je da
je prelom koji opisuje Smit ono 5to je danas poznato kao
Bartonov prelom, ali je sam eponim - ve¢ poodavno po-
vezan za Smitom - poznat i kao obrnuti Kolesov prelom
uzrokovan padom na dorzum flektirane sake [30,31].

Narednih nekoliko decenija napori istrazivaca bili
su usmereni na anatomske sekcije i eksperimente na
leSevima, u pokusajima da se razjasne tipovi preloma i
njihov odnos sa mehanizmima povrede. Tako, M. Didej
(M. Diday) uocava neke zakonitosti u frakturnoj puko-
tini. On smatra da je lom posledica rezultante dveju sila
koje bi se mogle matematicki izracunati [32].

Erci¢ J.

tures. He then dissected these resulting radial fractures
and compared them to the injury mechanisms. Néla-
ton emphasized the importance of the small bones in
the wrist region, noting that during a fall, a person typ-
ically lands on an outstretched hand in dorsiflexion. In
such cases, the carpal bones absorb the impact, and
the scaphoid is driven into the distal end of the radius.
From this, it is clear that Nélaton supported Dupuy-
tren’s theory of impact and counter-impact (Fr. coup et
contrecoup) [23,24].

Alfred-Armand-Louis-Marie Velpeau (1795-1866)
is a particularly fascinating figure in the history of med-
icine. He is a striking example of how a person, through
tireless work and great willpower, can rise from an un-
educated shepherd to one of the greatest authorities
in operative surgery. He was a manually skillful sur-
geon, an eloquent speaker, a perceptive diagnostician,
and a diligent and knowledgeable writer, known for his
perfect clarity and precision of expression. He was the
first to describe the deformity that appears in fractures
of the distal end of the radius as talon de fourchette, a
term that English-speaking authors referred to, in 1859,
as the silver fork deformity [1,11,25,26].

In 1838, John Rhea Barton (1794-1871) described
a dislocation fracture of the radiocarpal joint, which
was later associated with him through an eponym
[1,13,27,28]. Barton described two types of fractures:
the first with dorsal displacement of the fragments,
and the second, ararer type, with palmar displacement.
Like Robert William Smith, nine years later, Barton most
likely described a Colles fracture as one with dorsal
displacement. He observed that the fracture usually
ended unfavorably for the patient. Barton clearly de-
scribed subluxation of the wrist joint as a consequence
of a fracture involving the articular surface of the car-
pal end of the radius and emphasized that in such un-
fortunate falls, the radius and ulna are often fractured.
However, the joint itself is not dislocated [27,28].

In his Treatise on Fractures in the Vicinity of Joints,
and on Certain Forms of Accidental and Congenital
Dislocations, Robert William Smith (1807-1873) pub-
lished, in 1847, a chapter on the fractures of the bones
of the forearm, in proximity to the wrist joint [30]. It
includes an anatomical description of Colles fracture,
a description of distal radial epiphyseal separation, as
well as a description of the fracture of the distal end of
the radius with palmar displacement of the distal frag-
ment and dorsal angulation — now known as a Smith
fracture. Like Goyrand, Smith analyzed postmortem
pathological specimens of healed fractures. However,
their descriptions relate to clinical conditions and pre-
sentations, definitely contributing to the ambiguity
of the term - dorsal prominence of the distal radius.
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Tek otkri¢em iks zraka Vilhelma Konrada Rendgena
pocinje egzaktno razjasnjavanje patoanatomskog sup-
strata preloma distalnog okrajka radijusa [33].

U oktobru 1897. godine, organizovan je sastanak
lekara Nemacke poliklinike u Njujorku. Tada je Karl
Bek (Carl Beck, 1865-1911), americki hirurg, obavestio
skup o tome da je poceo da koristi rendgenske zrake
tri meseca nakon Rendgenovog objavljenog otkrica,
1896. godine, te da je do tada analizirao 44 bolesnika
sa Kolesovim prelomom. Pri tome je zakljucio: ,Sto se
mene tice moram da zapazim da niko pre mene nije to
opisao, tako da nisam video primer u kome je dijagno-
za potvrdena pre rendgenskog snimka - jer, svi autori
opisuju postojanje deformiteta, otoka i bolne osetljivo-
sti u tom predelu” [34].

Drugi entuzijasta koji je koristio rendgenske zra-
ke je bio Frederik Koton (Frederick Cotton) iz Bostona.
On je objavio slican rad o 140 bolesnika sa prelomima
distalnog okrajka radijusa, te opisao eksperimentalne
i anatomske korelacije koje je uocio na rendgenskim
snimcima [35-37].

U prvom kvartalu proslog veka (1900-1925), za vre-
me nagle ekspanzije automobilizma, u literaturi se po-
javio termin Soferska fraktura, koju je opisao Emil Kude
(Emile Coude). Naime, prilikom mehanickog paljenja au-
tomobila rué¢nim pokretacem (kurblom), vozaci su ce-
sto povredivali ruku. U anglosaksonskoj literaturi, ekvi-
valentno znacenje imao je pojam backfire fracture, sto
je, 1926. godine, razjasnio Edvards (H. C. Edwards) [1,38].

Nadalje su se problematikom preloma distalnog
okrajka radijusa zanimali, izmedu ostalih: Desto (De-
stot), Pil¢er (Pilcher), Majer (Mayer), Morton (Morton),
Klajndmit (Kleinschmidt), Olerud (Olerud), Lidstrom
(Lidstrom), Ehalt (Ehalt), Frikman (Frykman), de Bron (de
Bruijn), Hancevi¢ i mnogi drugi. Svi oni uo¢avaju veliku
Sarolikost preloma distalnog okrajka radijusa kao i va-
rijante u pomaku fragmenta, pa misao Spida (K. Speed)
kako nema dve jednake Kolesove frakture — izrazena
jos davne 1935. godine — najbolje ukazuje na svu kom-
plikovanost preloma distalnog okrajka radijusa, kojeg
u svakodnevnoj praksi najcesée nazivamo fractura radii
in loco typico[7,39].

Zaklju€ujudi ovaj kratki istorijski pregled poimanja
frakture radijusa u tipi¢noj zoni, treba uvaziti ¢injenicu
da su se do danas u literaturi odrzali samo eponimi koji
jasno definisu tipove preloma, i to:

1. Kolesov prelom (u anglosaksonskoj literaturi), od-
nosno Puto-Kolesov prelom (u francuskoj literaturi)

2. Bartonov - volarnii dorzalni prelom

3. Smitov ili inverzni (obrnuti) Kolesov prelom
[1,40,41].

Sukob interesa: Nije prijavljen.

COLLES FRACTURE — HISTORICAL RETROSPECTION

Smith himself acknowledged this, stating that he could
not speak with certainty about the anatomical nature
of the fracture because he did not have the opportuni-
ty to examine a fresh fracture, only the skeletal forearm
of a patient who had suffered the injury in his lifetime
and whose fracture had already healed by the time of
analysis. He described palmar displacement of the dis-
tal fragment of the radius and dislocation of the distal
radioulnar joint. The fracture Smith described may cor-
respond to what is known today as a Barton fracture,
but the eponym - long since associated with Smith
— also refers to what is called a reverse Colles fracture,
caused by a fall onto the dorsum of the flexed hand
[30,31].

In the ensuing decades, researchers focused their
efforts on anatomical dissections and experiments on
cadavers in attempts to clarify the types of fractures
and their relationship to injury mechanisms. Thus, M.
Diday observed certain patterns in fracture lines. He
believed a fracture to be the consequence of the resul-
tant force of two separate forces, which can be mathe-
matically calculated [32].

It was only with the discovery of X-rays, by Wilhelm
Conrad Rontgen, that the precise elucidation of the
pathoanatomical substrate of distal radius fractures
began [33].

In October 1897, a meeting of doctors from the
German Polyclinic in New York was organized. At that
time, Carl Beck (1865-1911), an American surgeon, re-
ported that he had begun using X-rays three months
after Rontgen’s discovery was published in 1896, and
that by the time of the meeting, he had analyzed 44
patients with Colles’ fracture. He concluded: “As far as |
am concerned, | must note that no one before me had
described this, so | had not seen a case in which the
diagnosis was confirmed before the X-ray image - be-
cause all authors describe the presence of deformity,
swelling, and tenderness in that region” [34].

Another enthusiast who used X-rays was Frederick
Cotton from Boston. He published a similar study on
140 patients with fractures of the distal end of the ra-
dius and also described experimental and anatomical
correlations he observed on the X-ray images [35-37].

In the first quarter of the last century (1900-1925),
during the rapid expansion of motor vehicle use, the
term chauffeur fracture appeared in the literature, de-
scribed by Emile Coude. Namely, while manually start-
ing a car with a hand crank, drivers often injured their
hands. In literature published in the English language,
the equivalent term was backfire fracture, more pre-
cisely described by H. C. Edwards in 1926 [1,38].

The issue of distal radius fractures was further ad-
dressed by a number of researchers, including Destot,
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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 vec 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 koris¢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, butif 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 ili 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 Ce 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.

GRAFIKONL. 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 | CRTEZI. 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. Koris¢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-
drsku. 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 citirani ¢lanci treba
da budu lako pristupacni ¢itaocima asopisa. Reference numerisati rednim arap-
skim brojevima prema redosledu navodenja u tekstu. Broj referenci ne bi trebalo
da bude veci 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 — ) 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.

LITERATURE. The list of references is the responsibility of the author, and
the cited articles should be easily accessible to the readers of the Journal. Ref-
erences should be numbered using Arabic numerals, according to the order of
appearance in the text. The number of references should not exceed 30, except in
the case of literature reviews, in which case it may be up to 50, and up to 100 in
the case of meta-analyses.
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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 koriS¢enoj literaturi u tekstu oznacavaju 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 casopisa (http://www.icmje.org),
¢iji 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 Stampani u ovom ili nekom drugom casopisu.
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 $to kracem 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. Slini su
struénim ¢lancima. U ovim radovima prikazuju se neuobicajeni oblici i tokovi
oboljenja, neocekivane reakcije na primenjenu terapiju, primene novih dija-
gnostickih procedura li 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 ¢lanci — prikazi knjiga, izvodi iz strane literature, izvestaji sa kongresa
i strucnih sastanaka, saopstenja o radu pojedinih zdravstvenih organizacija,
podruznica i sekcija, saopstenja UredniStva, pisma UredniStvu, novosti u me-
dicini, pitanja i odgovori, strucne i nau¢ne 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
relevant 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
disease, unexpected reactions to the applied therapy, application of new
diagnostic 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 editorial 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 pri-
hvacen za Stampu u drugom Casopisu,

2) potpisana izjava svih autora da su rukopis procitali 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).

INSTRUCTIONS FOR AUTHORS

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
approved 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
Practice, Good Clinical Practice, ICMJE guidelines).
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