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Introduction

Thedevelopmentofcritical caremedicine
began in the mid-1950s in response to
a poliomyelitis outbreak at the time,
where themassapplicationofmechanical
ventilation and its subsequent technical
advancement helpedmanage large num-
bers of patients with respiratory failure
[1–3]. This branch of medicine evolved
much faster in high-income countries
(HIC) than in low- and middle-income
countries (LMIC) [4]. Seventy years
later, mankind’s encounter with another
pandemic (severe acute respiratory syn-
drome coronavirus 2, SARS-CoV-2)
represents another major challenge for
critical care medicine [5]. With over
two thirds of the population living in
LMIC, it is clear that the majority of the
world’s population does not have access
to modern critical care medicine includ-
ing sufficient numbers of ICU beds and
trained staff, which has direct impact
on survival rates [6, 7]. This review
article presents the successful develop-
ment and implementation of modern
critical care medicine program at a sin-
gle university medical center in Bosnia
and Herzegovina (B&H) and provides
useful suggestions which could serve as
a model for other LMIC after adaptation
for local conditions.

Critical care medicine in LMIC,
what have we learned so far?

The burden of critical illness in LMIC
is substantial and mortality rates re-
main unacceptably high compared with
HIC with an estimated number of over
8 million premature deaths. Implemen-
tation and availability of modern critical
care programs in LMIC is essential if
this burden is to be reduced especially
given the prevalence of infections and
increased burden of noncommunicable
diseases such as cardiovascular diseases,
diabetes, and chronic obstructive pul-
monary disease [6, 8, 9].

The main cause for poor outcome
of critical illness is limited capacity for
nonsurgical critically ill patients, small
numbers of medical intensive care units
(MICUs), insufficient numbers of ICU
beds, and lack of trained staff and poor
academic and research resources in
LMICs [10–12]. It is estimated that the
number of ICU beds in LMIC is 0.1–2.5
ICU beds per 100,000 population [13].
In contrast, HIC have as many as 30
ICU beds per 100,000 population [14].
While data on structure, treatment and
outcomes in LMIC are scarce, data from
HIC cannot be easily extrapolated [3, 4].

Health care challenges in Bosnia
and Herzegovina

Bosnia and Herzegovina (B&H) is one of
thecountriesthatemergedafterthedisso-
lutionofYugoslavia. It is located insouth-
eastern Europe (the Western Balkans re-
gion). In its recent history, it has seen a 4-
year war, international isolation (sanc-
tions imposed by the international com-
munity) and profound social and eco-
nomic devastation, including large num-
bers of refugees and displaced persons.
Eachof thesedevelopmentshas leftadeep
scar in B&H’s health care system, includ-
ing critical care medicine [15]. B&H
has four university hospitals (University
Clinical Centres, UCCs): UCC Sarajevo,
UCC RS in Banja Luka (University Clin-
ical Centre of Republika Srpska), UCC
Mostar and UCC Tuzla. These UCCs
have surgical intensive care units (SICUs)
withfewICUbeds(1ICUbedper100,000
population) and no formal subspecialty
training in critical care medicine. Scarce
literature sources indicate that less than
10% of critically ill nonsurgical (medi-
cal) patients have access to SICU beds
[16]. Currently, the World Bank clas-
sifies B&H as a low to middle income
country (LMIC) [17]. Many countries
worldwide have similar characteristics to
B&H. At the beginning of the 21th cen-
tury, B&H has slowly started to open
towards developed European countries
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with increase access to knowledge and
experience in different areas including
healthcare. To assist in this process in-
ternational institutions andagencies (Eu-
ropean Commission, Coimbra Croup,
Union for International Cancer Control,
etc.) offered a number of visiting fellow-
ships and cost reimbursements for B&H
clinicians [15].

Chronological development of
medical critical care program in
UCC RS Banja Luka

Basic critical care education

Developing a health care program re-
quires three crucial resources: trained
staff, space, and equipment. Physicians
and nurses who do not have knowl-
edge and experience in critical care
medicine are not able to treat complex
critically ill patients. In process of cre-
ation and implementation of medical
intensive care unit staff, education is the
first step. Such education needs to begin
in selected educational institutions with
developed,moderncritical caremedicine
and teaching staff. In B&H (Republika
Srpska) this process started when the
European Commission (EC) supported
the training of a young physician in the
area of critical care medicine at the Uni-
versityHospital inHeidelberg, Germany,
and the Mayo Clinic in Rochester, MN,
USA (2005–2007). Upon completing the
training and return to B&H, the physi-
cian immediately started with creation
of local critical care curriculum (adapted
as needed from HIC) and formal critical
care program development supported by
local health care authorities.

Suggestions for other LMIC
settings
4 Local community should take a clear

and firm dedication to critical care
medicine development, and identify
physicians and nurses for education
at medical centers with highly de-
veloped critical care medicine and
with competent teaching staff.

4 Trained physicians and nurses upon
return to their home centers serve as
educators to young physicians and

nurses who wish to be trained in
critical care medicine.

4 Formal recognition and engagement
of local health authorities is crucial.
To be successful implementation
of critical care program has to be
supported by the responsible local
institutions (Ministry of Health,
Medical Faculty, University Hospi-
tals).

Importance of mentorship
from developed centers

During educational training at Univer-
sity Hospital in Heidelberg, Germany,
and Mayo Clinic, USA, the physician
from UCC RS Banja Luka was under
direct supervision of critical care expert
physician mentors. The benefit was seen
in direct education (knowledge and skills
transfer) of the visiting physician during
his stay abroad and continued support
after his return to the home institution.
The second step included the mentors’
visit to B&H (RS). During the mentors’
visit various activities were organized:
4 Continuing critical care education at

the bedside,
4 Didactic lectures,
4 Donations of equipment to UCC

RS Banja Luka (noninvasive ventila-
tors, monitors, etc.),

4 Integrating mentors into the edu-
cational system of the local com-
munity (visiting professor titles
at the Medical School University
of Banja Luka),

4 Creation of critical care curricu-
lum for further education of new
physicians and

4 Mentors became jury members for
the certifying board exam for critical
care medicine in B&H.

Suggestions for other LMIC
settings

In addition to sending physicians and
nurses for education abroad local health
care officials should identify potential
mentor(s)whoarewillingandable topro-
vide necessary long-term support. The
central issue is that the mentor and the
mentee should be fluent in one common
language for an appropriate communica-

tion. Inaddition, it ishelpful if thementor
originally comes from the home coun-
try, fluently speaks the local language,
and is well integrated abroad. This is
not a challenge as many physicians from
LMIC immigrate to HIC; a substantial
number of them have interest in con-
nection and “giving back” to their home
country. These mentors understand the
political and socioeconomic situation in
the country, understand local customs,
rules and laws, and have a keen interest
in helping the country of origin.

Founding the first medical ICU
(MICU) at UCC RS Banja Luka

Upon return to UCC RS Banja Luka, the
physician who was trained abroad first
began to apply his knowledge at a pul-
monary hospital ward where he intro-
ducednoninvasiveventilation for thefirst
time. The use of noninvasive mechani-
cal ventilation in a hospital area where
mechanical ventilation had never been
used before served as a useful transition
towards establishment of formal MICU
since it introduces medical staff to a sim-
ple form of mechanical ventilation with
anapparentclinicalbenefitinasignificant
number of patients. Relatively quickly
upon the physician’s return, key authori-
ties (UCC RS management and Ministry
of Health of Republika Srpska) started
the project of founding the first MICU
at UCC RS Banja Luka.

ThefirstMICUstartedoperatingat the
end of 2008, three years after the start of
critical care medicine education abroad
for the first physician. The structure of
the first MICU was as follows:
4 Staff—two physicians (pulmonologist

with critical care medicine education
and experienced anesthesiologist)
and ten nurses. All nurses were
trained for 3 months in the SICU
before starting in MICU. Besides two
specialists, 10 additional physicians
who were topmedical students joined
the team. Each of junior physicians
was to start basic residency train-
ing in different primary specialties
(e.g., internal medicine, anesthesiol-
ogy, pulmonology, neurology) and
subsequent subspecialty training in
critical care medicine. During the
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Abstract
Background. Critical care medicine is
a relatively young discipline, developed in
the mid-1950s in response to the outbreak
of poliomyelitis. The mass application of
mechanical ventilation and its subsequent
technical advancement helped manage large
numbers of patients with respiratory failure.
This branch of medicine evolved much faster
in high-income (HIC) than low- and middle-
income countries (LMIC). Seventy years later,
mankind’s encounter with coronavirus disease
2019 (COVID-19) represents another major
challenge for critical care medicine especially
in LMIC countries where over two thirds of the
world population live.

Methods. Systematic analysis of written
documents related to the establishmentof the
first multidisciplinarymedical intensive care
unit (MICU) in Bosnia and Herzegovina and its
development to the present day.
Results.We describe the experience of setting
up a modern critical care program under
LMIC constraints as a promising way forward
to meet the increased worldwide demand
for critical care. Successful development is
contingent on formal education and conti-
nued mentorship from HIC, establishment of
a multidisciplinary team, the support from
local health care authorities, development
of a formal subspecialty training, academic
faculty development, and research. Novel

technologies including tele-education
provide additional opportunities for rapid
development and dissemination of critical
care medicine programs in LMIC.
Conclusion. Critical care medicine is a critical
public health need in HIC and LMIC alike. The
challenges associated with the coronavirus
pandemic should serve as a wakeup call for
rapid development of critical care programs
around the world.

Keywords
Critical care medicine · Low-middle-income
countries · Development · Intensive care
medicine · COVID-19

Erfolgreiche Implementierung moderner intensivmedizinischer Versorgung im ressourcenarmen
Land Bosnien-Herzegowina. Erfahrungen aus einem Zentrum

Zusammenfassung
Hintergrund. Die Intensivmedizin ist eine
relativ junge Disziplin, sie entstand Mitte
der 1950er-Jahre als Reaktion auf einen
Poliomyelitisausbruch. Dank der breiten
Anwendung der maschinellen Beatmung und
der anschließenden technischenWeiterent-
wicklung gelang es, eine große Anzahl von
Patientenmit Ateminsuffizienz zu behandeln.
Dieser Zweig der Medizin entwickelte sich
in Ländern mit hohem Einkommen („high
income countries“, HIC) viel schneller als
in Ländern mit niedrigem und mittlerem
(„low- and middle-income countries“, LMIC).
Siebzig Jahre später stellt die Begegnung der
Menschheit mit der Erkrankung durch das
Coronavirus (COVID-19) eine weitere große
Herausforderung für die Intensivmedizin dar,
insbesondere in LMIC-Ländern, in denenmehr
zwei Drittel der Weltbevölkerung leben.

Methoden. SystematischeAnalyse von schrift-
lichen Dokumenten im Zusammenhang mit
der Einrichtung der ersten multidisziplinären
medizinischen Intensivstation (MICU) in
Bosnien-Herzegowina und ihrer Entwicklung
bis zum heutigen Tag.
Ergebnisse. Wir beschreiben unsere
Erfahrungen beim Aufbau eines modernen
Intensivmedizinprogramms unter LMIC-
Bedingungen als einen vielversprechenden
Weg, um den weltweit steigenden Bedarf an
intensivmedizinischer Versorgung zu decken.
Die erfolgreiche weitere Etablierung hängt
ab von der formalen Ausbildung und einem
kontinuierlichenMentoring durch das HIC,
dem Aufbau eines multidisziplinären Teams,
der Unterstützung durch die regionalen
Gesundheitseinrichtungen, der Implemen-
tierung einer strukturiertenWeiterbildung,

der Forschung und dem Aufbau eines
akademischen Dozententeams. Innovative
Technologien, wie z.B. die Teleausbildung,
eröffnen zusätzlicheMöglichkeiten für eine
schnelle Entwicklung und Verbreitung der
Intensivmedizin in LMIC.
Schlussfolgerung. In HIC wie in LMIC zählt die
Intensivmedizin zu den entscheidenden Pub-
lic-Health-Bedarfen. Die mit der Coronavirus-
Pandemie verbundenen Herausforderungen
sollten daher wahrgenommen werden als
ein Weckruf für die rasche Entwicklung der
intensivmedizinischenVersorgung weltweit.

Schlüsselwörter
Intensivmedizinische Versorgung · Staaten
mit niedrigem und mittlerem Einkommen ·
Entwicklung · Intensivmedizin · COVID-19

first 2 years the continuity of work-
flow was maintained with the support
of additional anesthesiologists from
the SICU who shared night call re-
sponsibility. After 2 years, the new
team of young physicians completely
took over the MICU.

4 Space—the first MICU consisted of
three patient rooms with the capacity
for treating 8 medical critically ill
patients.

Over the next 10 years MICU moved
to the newly built hospital wing with
staff expansion to 20 physicians (8 crit-
ical care specialists) and 54 nurses. The
primary specialties of these physicians
include pulmonology (9 physicians), in-
ternalmedicine (8physicians), anesthesi-
ology (1 physicians), neurology (1 physi-
cian), and infectious diseases (1 physi-
cian).

The new space and equipment allow
admission and treatment of up to 24
critically ill patients, with provision of
full support to all organ systems includ-
ing high-flow oxygen, noninvasive and
invasive ventilators, veno-venous ex-
tracorporeal membrane oxygenation
(vvECMO), inhaled of nitric oxide
(iNO), targeted temperature manage-
ment, and continuous renal replacement
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therapy. At present, this MICU is the
only level III MICU in B&H.

Suggestions for other LMIC
settings

Parallel to sending physicians and nurses
to critical care training abroad it is nec-
essary to develop a clear strategy for staff
development in the next 5 years, as well
as define project for preparation of space
and equipment procurement for treat-
ment of medical critically ill patients. All
these activities need to be supported con-
tinuously by key stakeholders (Ministry
of Health, University Hospital manage-
ment) at the local community where po-
litical influence is crucial. Identification
of junior physicians interested in critical
care from different primary specialties
is particularly useful for the success of
future multidisciplinary MICU.

Continuous critical care
education locally

During the first few years after the es-
tablishmentofMICU, continuouscritical
care educationwasprovided for all young
physicians and nursing staff. Educators
were local and foreign physicians (offi-
cially trained in critical care medicine)
with the support of international orga-
nizations (The French Society of Inten-
sive Care Medicine, Société de Réan-
imation de Langue Française; Ameri-
can Society of Critical Care Medicine,
SCCM; Bosnian American Academy of
Arts and Sciences, BHAAAS). Further-
more, B&Hhosted its first SCCMFunda-
mentals of Critical Care Support (FCCS)
course. In addition to close coopera-
tion with mentors, the local physicians
expanded communication and collabo-
ration with critical care physicians and
nurses from neighboring countries in
which critical care medicine programs
hadalreadybeendeveloped(Sloveniaand
Croatia). Links with critical care physi-
cians and nurses has grown strongerwith
time and has enabled transfer of practical
critical care skills and knowledge toUCC
RS Banja Luka. This was particularly im-
portant for nursing training. This variety
of programs served as a nidus for de-
veloping a formal critical care medicine

specialist training program in Republika
Srspska (B&H).

Suggestions for other LMIC
settings

The process of developing new, complex
medical discipline such as critical care
needs to be supported by various forms
of continuousmedical education that can
serve as a bridge to establishing formal
subspecialty training program in critical
care. This type of education should be
led by physicians with formal training
in critical care medicine from abroad. It
is important to take advantage of coop-
eration with international organizations
that support critical care medicine de-
velopment, as well as forming a network
with critical care physicians and nurses
from neighboring countries where de-
velopment of critical care medicine is
further developed. Exchange of physi-
cians andnurses should ideally be in both
directions (from learning to a teaching
institution and vice versa).

Official critical care educa-
tion—establishing formal
subspecialty training in critical
caremedicine

During the first few years, the physician
educated abroad along with his mentors
proposed the first critical care medicine
curriculum for physicians from Repub-
lika Srpska (B&H). Education in inten-
sive care medicine developed heteroge-
neously from one country to another,
leading to diversity in access, structures,
assessment, accreditation, and regu-
lation of trainings between countries.
The model chosen in Republika Srspka
(B&H) is the subspecialty model, which
permits multidisciplinary access from
a range of primary specialties (e.g., pul-
monary, internal medicine, neurology,
infectious diseases) to a common critical
care medicine subspecialty training pro-
gram. The local curriculum was adapted
from the European Society of Inten-
sive Care Medicine CoBaTrICE (Com-
petency-Based Training Programme in
IntensiveCareMedicine forEurope)pro-
gram. Four years after the first proposal
had been made, the Ministry of Health

and Medical Faculty of the University
of Banja Luka formally recognized this
program and adopted legislation in sup-
port of critical care subspecialty training.
The physician who was educated abroad
became the first critical care fellow in
the Republika Srpska (B&H), and two
years after he became the first formally
trained critical care subspecialist. Med-
ical faculty of the University of Banja
Luka recognized foreign mentors with
whom MICU physicians collaborated
as visiting professors and allowed their
inclusion as a faculty for the final board
exam (certified specialist board exam).
In September 2016, the first critical care
board exam was conducted with inter-
national faculty (two members from the
USA by video link), one member from
Germany, one member fromCroatia and
one local member.

Suggestions for other LMIC
settings

In the early stages of implementing criti-
cal care medicine program into it is nec-
essary to rely on various informal con-
tinuous medical education with simul-
taneous development of formal curricu-
lum proposal for an ongoing staff educa-
tion. Subspecialty training from differ-
ent primary disciplines allows for estab-
lishment of a diverse multidisciplinary
team, each member bringing different
strengths. Again, support from local
health authorities (University Hospital
Management, Medical Faculty and Min-
istry of Health) is crucial.

The role of tele-education

One of the forms of education which was
incorporated into critical care education
system of RS (B&H) was the Mayo
Clinic tele-education program which
lasted for 3 years. Weekly 45-min, case-
based remote learning sessions utilizing
the CERTAIN platform were effectively
implemented into the MICU practice
and were associated with the high staff
engagement and satisfaction, improve-
ment in structure, processes, clinical
outcomes, and reduced costs. The inter-
vention was associated with reduction
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Table 1 Suggestions for low-and-middle income countries (LMIC)
Clearly define local health authorities and other key stakeholders (e.g., University Hospitals, Min-
istries of Health, Medical Faculties) which need to initiate, and then support the development and
implementationof modern critical care medicine. Without political support of local institutions,
critical care medicine development will not be possible

Support from HIC university centers (from abroad) where a critical care medicine education pro-
gram is highly developed with teaching staff who has interest and experience in developing
health care programs in LMIC

Long-termmentorship is critical for successful development. Expat physicians proficient in local
language and familiar with local customs, culture and politics often have interest in supporting
the development of the new discipline in their home country

Exchange of physicians and nurses should ideally be in both directions (from learning to a teach-
ing institution and vice versa). Networking with a neighboring countries where development of
critical care has come further along makes this exchange more efficient

Various types of continuous medical education can be used as a bridge to developing a formal
subspecialty training program

LMIC should take advantage of novel critical care tele-education programs that can provide more
efficient knowledge translation

Academic development should encompass all three shields of medical science: clinical practice,
education and research. This will enable sustainable staffing by trained clinicians and will provide
answers to many questions related to care and outcomes of critically ill patients in LMIC

HIC high-income countries

in mortality, length of stay, and marked
cost savings ($400,000 over 2 years) [18].

Low-cost tele-educationinterventions
can serve as anefficientmodel for educat-

Hier steht eine Anzeige.

K

ing health workers and improving care
and outcomes of critically ill patients in
LMIC.

Suggestions for other LMIC
settings

Developing critical care programs in
LMIC should strongly consider partici-
pating in low cost critical care tele-edu-
cation projects such as the Mayo Clinic
CERTAIN (www.icertain.org) that can
help speed up knowledge transfer in
more efficient manner.

Role of local health care
authorities

ThemanagementofUCCRShadacentral
role in developing critical care program
first by supporting education abroad,
working with the Ministry of Health of
RS to establish the first MICU, and the
subsequent formal critical care training
program. In the following 10 years,
limited MICU capable of caring for only
few critically ill patients has grown into
a regionally recognized, high-perform-
ing MICU. Today, this MICU is ISO
9001 certified as health provision ser-
vice and critical care education and has

http://www.icertain.org
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become a tertiary referral center for the
treatment of medical critically ill pa-
tients. It is important to point out that
throughout the 10-year development
of critical care medicine in the UCC
RS Banja Luka, there was support of key
institutional stakeholders.

Suggestions for other LMIC
settings

Introduction of new medical discipline,
especially in LMIC often faces significant
obstacles and resistance hence collabo-
ration and support of key institutional
stakeholders is absolute necessity forpro-
viding necessary practical, financial, and
political support. Without collaboration
of key stakeholders, implementation of
new branch of medicine into health and
educational system of one country can-
not succeed. Growthanddevelopmentof
the critical care in the UCC RS was sup-
ported by all relevant institutions, first of
all leadership of UCC RS management,
Ministry of Health RS, and Medical Fac-
ulty.

Treatment of critically ill,
education and research in the
field of critical care—the circle
is closed

Critical care program inUCC RShasma-
turedwithestablishedconditions forcon-
tinued staff education. In parallel with
education and training, MICU UCC RS
has rapidly engaged in critical care re-
search including formal PhD studies in
the field which served as an additional
incentive for junior clinicians interested
in critical care. To date three doctors
achieved a PhD degree with two addi-
tional PhD candidates. During the coro-
navirus pandemic, theMICU staff spear-
headed rapid development of critical care
programs in three regional hospitals in
Republika Srpska (B&H). Ideally, devel-
opment of critical care programs should
be coupledby simultaneousdevelopment
of modern prehospital emergency trans-
ports and hospital emergency depart-
ments which should be one of the highest
priorities towards further improvements
in care and outcomes of critically ill pa-
tients.

Suggestions for other LMIC
settings

Without simultaneousdevelopmentofall
three shields of medical science (clinical
practice, education and research) devel-
opment process of any new medical dis-
cipline, including critical care, will not
be successful. Again, the support of all
stakeholders including medical school
and research institutions is crucial.

Conclusion

Critical care medicine is a major public
health need of all communities, in HIC
and LMIC alike. The great challenge of
the coronavirus pandemic should serve
as a wakeup call for rapid development of
critical care programs around the world.
Oneofbenefits that shouldarise fromthis
pandemic is a more rapid implementa-
tion of critical care medicine programs
in LMICs. It is important to emphasize
that trained staff is far more important
than “ICU beds” or equipment. . Table 1
provides the key suggestions and recom-
mendations for rapidly developing and
implementing critical caremedicine pro-
grams in LMICs. Ideally, development of
critical care programs should be coupled
by simultaneous development of mod-
ern prehospital emergency transport and
hospital emergency departments. HICs
inEurope aremoving toward critical care
medicine harmonization with the main
goal of standardizing critical care prac-
tice. LMICs have to follow this pathway
without delay to include modern multi-
disciplinary, evidence-based critical care
medicine into their health care systems.
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