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ABSTRACT
This White Paper has been formally accepted for support by the International Federation
for Emergency Medicine (IFEM) and by the World Federation of Intensive and Critical Care
(WFICC), put forth by a multi-specialty group of intensivists and emergency medicine
providers from low- and low-middle-income countries (LMICs) and high-income countries
(HiCs) with the aim of 1) defining the current state of caring for the critically ill in low-resource
settings (LRS) within LMICs and 2) highlighting policy options and recommendations for
improving the system-level delivery of early critical care services in LRS.
LMICs have a high burden of critical illness and worse patient outcomes than HICs, hence,
the focus of this White Paper is on the care of critically ill patients in the early stages
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of presentation in LMIC settings. In such settings, the provision of early critical care is
challenged by a fragmented health system, costs, a health care workforce with limited
training, and competing healthcare priorities.
Early critical care services are defined as the early interventions that support vital organ
function during the initial care provided to the critically ill patient—these interventions
can be performed at any point of patient contact and can be delivered across diverse
settings in the healthcare system and do not necessitate specialty personnel.
Currently, a single “best” care delivery model likely does not exist in LMICs given the
heterogeneity in local context; therefore, objective comparisons of quality, efficiency, and
cost-effectiveness between varying models are difficult to establish. While limited, there
is data to suggest that caring for the critically ill may be cost effective in LMICs, contrary to
a widely held belief. Drawing from locally available resources and context, strengthening
early critical care services in LRS will require a multi-faceted approach, including three
core pillars: education, research, and policy.
Education initiatives for physicians, nurses, and allied health staff that focus on protocolized
emergency response training can bridge the workforce gap in the short-term; however,
each country’s current human resources must be evaluated to decide on the duration of
training, who should be trained, and using what curriculum.
Understanding the burden of critical Illness, best practices for resuscitation, and
appropriate quality metrics for different early critical care services implementation
models in LMICs are reliant upon strengthening the regional research capacity, therefore,
standard documentation systems should be implemented to allow for registry use and
quality improvement.
Policy efforts at a local, national and international level to strengthen early critical
care services should focus on funding the building blocks of early critical care services
systems and promoting the right to access early critical care regardless of the patient’s
geographic or financial barriers. Additionally, national and local policies describing ethical
dilemmas involving the withdrawal of life-sustaining care should be developed with broad
stakeholder representation based on local cultural beliefs as well as the optimization of
limited resources.

INTRODUCTION
The care of critically ill patients remains an essential component of international health systems.
For low-resource settings (LRS), particularly in low- and low-middle-income countries (LMICs)
with still-maturing health systems, the burden of critical illness is higher [1, 2], presentations
to the emergency departments for high acuity illness are disproportionately greater [3], patient
outcomes are worse [1, 2] and the provision of critical care services are challenged by costs,
fragmented health care delivery [4], limited healthcare workers with appropriate training [4], and
relevancy concerns in the face of competing healthcare priorities [5]. While intensive care units
typically require substantial human and physical resources at significant cost [6], intensive care,
also known as critical care, fundamentally is the provision of appropriate medical care to the very
sick patient at high risk of death [7]. Therefore, critical care does not necessarily require intensive
care units or expensive resources.
The manner in which critical care is delivered often depends on the local context due to the
heterogeneity of economic, political, educational, and cultural factors between and within
geographic regions globally. Furthermore, the available evidence to guide management in LRS
remains limited and the research agenda in this space is poorly defined [4]. Given these factors,
an international, multiprofessional approach is warranted to ensure that system-level changes are
adopted and adapted to optimize the growth, quality and cost-effectiveness of critical care in LRS.
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This White Paper, published by the International Federation for Emergency Medicine (IFEM), aims
to define the current reality of caring for the critically ill in LRS, highlight policy options and make
recommendations for improving the system-level delivery of initial critical care services in LRS.
Understanding the unique challenges faced in LRS and recognizing that the care of the critically
ill patient occurs in a continuum from the pre-hospital setting to the Emergency Unit (EU) to the
inpatient wards, IFEM’s critical care Special Interest Group, a multidisciplinary, multinational panel
of intensivists and Emergency Medicine (EM) physicians from high-income countries (HICs) and
LMICs developed a series of questions with a particular focus on early critical care services in LRS:
1) How are “critical care” and “early critical care services” defined?
2) What is the current reality of early critical care in the LRS context?
3) How should the continuum of early critical care be defined for LRS?
4) How should the impact of early critical care services in LRS be measured?
5) What are the next steps to improve critical care services in LRS?
While the care for the critically ill beyond the early stages of illness is an important topic to address,
we have chosen to focus on the initial component or “early” critical care services in this paper as
the health services that are required to occur at this time point in patient care are those that must
take place in many settings throughout the healthcare system, as described above. Additionally,
we recognize that early critical care services may be rendered by clinicians who may not have
longitudinal involvement with the patient but whose actions may be determinative of trajectory
of illness.
Selected authors answered each of these questions based on available evidence from literature
reviews and expert opinion. The discussion centers neither on specific disease processes nor on
intensive care unit structure and organization. Rather, the paper focuses on system-level issues
and options related to early critical care delivery and enhancement in LRS, in line with IFEM’s
stated mission to “advance the growth of high quality emergency medical care” [8].

SECTION I
HOW ARE “CRITICAL CARE” AND “EARLY CRITICAL CARE SERVICES” DEFINED?
Unified definitions of many important terms relevant to early critical care services do not yet exist.
Variations in terminology across the medical literature can create confusion. For the purposes of
this White Paper, we adhere to the definitions noted below. When possible, the definitions are
derived from the published literature.
1) Critical illness—This paper supports the definition, that critical illness represents any immediately
life-threatening disease or injury that, if left untreated, can lead to death [9].
2) Critical care—The World Federation of Intensive and Critical Care (WFICC) provides the following
consensus definition: [6].
Intensive care, also known as critical care, is a multidisciplinary and interprofessional specialty
dedicated to the comprehensive management of patients having, or at risk of developing, acute,
life-threatening organ dysfunction. Its common expertise is the pathophysiology and support of
organ dysfunction more than the specific management of the diseases responsible for the acute
illness; the primary goal of intensive care is to prevent further physiologic deterioration while the
underlying disease is treated and resolved.
More simply, critical care is the care given to any patient with critical illness [9]. Crucially, critical
care can occur at any point of patient contact—the pre-hospital setting, the Emergency Unit (EU),
the general inpatient wards, or the ICU—and does not require a physical ICU space or specially
trained personnel to be provided.
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3) Early critical care services—early critical care services emphasizes vital organ support during
the initial medical care provided to the critically ill patient who is still within the dynamic phase
(usually within the first 24–72 hours) of critical illness [9]. Early critical care is constrained by
patient condition, not time [6] or location within the healthcare system.
4) Low-middle income country (LMIC)—The World Bank uses objective economic indices to
categorize countries into four primary groups: low-income, lower-middle income, upper-middle
income, and high-income economies [10]. This terminology is widely accepted and frequently
abbreviated in the medical literature to “low-middle income countries” (LMICs). In this paper, LMIC
specifically refers to low- and lower-middle income countries, as defined by the World Bank.
5) Low-Resource Setting (LRS)—Neither the WHO, nor the World Bank, nor the United Nations
(UN) defines the term “low-resource setting” or its equivalents. Myriad similar phrases used
interchangeably in the medical literature include resource-constrained setting, resource-poor
setting, developing country, non-industrialized setting, resource-limited setting and austere
environment. Each term is vague but generally connotes the idea of a setting with a paucity of
material and financial means or human health resources [6]. The term LRS is used throughout this
paper to refer to health facilities or health systems in LMICs, acknowledging that LRS exist even in
high-income countries.

SECTION II
WHAT IS THE CURRENT REALITY OF CRITICAL CARE IN THE LRS CONTEXT?
Epidemiological data indicate that the incidence of critical illness among those living in LRS is
rising [11–13]. Despite the unique differences in the practice and provision of critical care
in LRS compared to resource-rich settings, the vast majority of available data stem from very
well-resourced environments. Thus, there exists a sizable gap in knowledge of the realities of
contemporary critical care in LRS. Understanding how, where and by whom critical care is provided
in LRS is key to informing policy making and resource allocation.
System components of early critical care services—Pre-hospital care is crucial in determining
patient survival, yet less than 1% of the overall LMIC population has access to dedicated
emergency medical services (EMS) [14, 15]. The availability of pre-hospital EMS varies greatly
between LMICs. Key barriers are the lack of a trained EMS workforce and dedicated vehicles,
in addition to the often lengthy distance to a hospital, insufficient early communication with
hospital settings or protocols, and limitation of infrastructure. These limitations are often greater
in rural areas where a large portion of the population of LMICs live [14, 15]. Layperson training on
basic life-saving skills is feasible and may help to improve survival of critically ill patients in the
pre-hospital setting [15–17].
A single “best” care delivery model likely does not exist because optimization depends heavily
on the local context. Whereas there is a relatively rigid care pathway in resource rich settings,
starting with pre-hospital care and continuing to the EU, the ICU, and then the medical ward,
the heterogeneity and fragmentation characteristic of still-maturing health systems in LRS
result in a panoply of care pathways. Given this heterogeneity, objective comparisons of quality,
efficiency and cost-effectiveness between varying models are difficult. Several common models
are presented here; however, this list is not comprehensive. It is important to note that these
models are not mutually exclusive, and multiple components may exist within the same health
care system.
The ICU model is perhaps the most well-recognized. The WFICC developed a three-tier model
for adult ICUs with different levels recognizing the variation of resource availability [6]. Level 3
(tertiary) ICUs have extensive resources, the ability to provide comprehensive critical care, and are
often part of academic centers. Level 2 (secondary) and level 1 (primary) ICUs have progressively
fewer services but can provide early critical care services with agreements to transfer patients to
a level 3 ICU, as needed or if available. The WHO mandates that physical ICU space be present
in hospitals providing surgical services [18]. Post-operative patients, who formed the majority of
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critical care admissions in five sub-Saharan countries in a 2007 study, were found to have the
greatest survival benefit from ICU admission, indicating the importance of critical care for postoperative patients in LRS [19]. Despite the substantial need for pediatric critical care in LRS, few
specialized pediatric ICUs exist. In most LRS, there is an absence of formal training specific to
this patient population and most pediatric critical care is delivered in a mixed adult and pediatric
ICUs [20, 21]. Even when faced with equipment constraints, critical care services can potentially
be delivered at small, rural hospitals. One hospital in Uganda effectively managed an eight-bed
ICU with one ventilator, donated central lines, and only minimal blood products by focusing on
achievable outcomes with the available resources and by limiting nurse patient ratios to 1:4 [19].
The integrative hospital model proposes that patients requiring critical care be identified at triage and
taken directly to a specific physical location within the hospital that is not necessarily an intensive
care unit with advanced equipment but is still a dedicated critical care area. Recommendations for
this model include resource provision, lower nurse to patient ratios, and clinical guidelines for the
critical care area with a focus on simple and inexpensive tools and equipment [22].
The hospital-wide triage model proposes implementing tools that allow for the recognition and
treatment of critically ill patients regardless of location. This process is supported by provider
education and systemic quality improvement efforts with the goal of improving deployment of
relatively low-cost interventions and systems, such as oxygen for pneumonia or resuscitation fluids
and antibiotics for septic patients [23]. This model is more forthright regarding the concept of early
critical care services, recognizing that the need to care for critically ill patients arises throughout
the health care system. Dr. Baker outlines a version of this model in his description of it as Essential
Emergency and Critical Care (EECC), defined as “the care that all critically ill patients should receive
in all hospitals in the world,” focusing on the most fundamental location-independent, pragmatic
and low-cost interventions that can be brought to the patient [24]. Through decentralized triage
and early warning scores, EECC prioritizes identification, continued observation, assessment, and
treatment of critical illness. Targeted implementation of certain key critical care functions may
provide achievable improvement in outcomes in LRS [24].
Workforce components of early critical care services—Given the dearth of ICUs in LRS globally [23],
a large proportion of early critical care services is provided outside of the ICU by non-intensivists
and even non-physicians [25]. Anesthesiologists who may not be trained in critical care provide
this care in many settings, particularly for post-operative critical illness [26] but EM providers play
a particularly important role, where they exist. While over one dozen LMIC-specific EM physician
training programs have been developed in recent years [27], many hospitals in LRS lack specialtytrained EM providers [28, 29]. Specialty EM training varies widely across LRS. Such training is
associated with reduced mortality [30]. Some of these EM training programs provide focused
education on critical care delivery [31], but the extent and impact of such education is not known.
Formal critical care-focused training is increasingly available in LRS [32, 33], but these programs are
uncommon. While the bulk of formal critical care training emphasizes physicians, some programs
underscore the important contribution of non-physician providers [34, 35]. Insufficient staffing has
been identified as one of the largest barriers to providing safe and effective critical care in LRS [36].
“Brain drain” can play a significant role in exacerbating the local availability of specialist clinicians
capable of providing critical care [37–39]. Task-shifting, or the training of non-physician providers
to fulfill roles traditionally performed by physicians, is proposed as a practical solution to address
this physician shortage in LRS [35].
Several initiatives have focused on providing protocolized emergency response training in order to
help bridge the gap of specialized formal training. These initiatives include the WHO’s Emergency
Triage Assessment and Treatment (ETAT) training for pediatric care [40] and Basic Emergency Care
(BEC) for frontline healthcare providers who manage acute illness and injury with limited resources
[41], the American Academy of Family Physicians’ Advanced Life Support in Obstetrics [42], and
India’s National Trauma Management Course [25].
While multidisciplinary nature of critical care mandates that an entire care team assist the
primary clinician, there is a worldwide shortage of trained nurses and other ancillary staff that
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play essential roles in critical care delivery, as well as a paucity of data describing the extent and
impact of this problem in LRS [43]. Nurses with competencies in critical care are generally rare in
LRS, but several models have been described to address this problem [44, 45]. Similarly, up to 44%
of patients lacked access to regular physical therapy in one survey of LMIC ICUs [46]. Initiatives
are underway in some LMICs to ensure a well-trained critical care physiotherapy workforce [47].
The roles of critical care trained pharmacists, respiratory therapists, and dieticians in LRS are less
well-defined, but are important points for future study.
Irrespective of who provides critical care and where it is provided in the care continuum, the
imperative is to ensure a knowledgeable and capable care team. The current reality of critical care
in the LRS context suggests that innumerable challenges remain at every level, but nascent efforts
are underway to address these deficiencies.

SECTION III
WHAT IS THE CONTINUUM OF EARLY CRITICAL CARE SERVICES IN LRS?
The continuum of care: The continuum of care refers to the different phases of care within the
health system, typically separated by location or personnel, but ideally with seamless transitions
between each [46, 48, 49]. As pointed out in a recent Lancet Global Health Commission on highquality health systems, timeliness is an essential function of quality in early critical care [50], which
should be delivered throughout the continuum of care, regardless of location. Basic resuscitation
can and should be initiated at the initial location of patient presentation. This point is especially
important within LRS given the dearth of EUs and ICUs [4, 28, 30, 51, 52].
Establishing hospital-specific guidelines that take into account the time-sensitivity of critical
illness, the resources required to provide it, the availability of trained providers and infrastructure
available is essential. Even within resource rich settings, where separate EUs and ICUs are widely
available and have been the traditional system for many years, institutions are experimenting
with novel models of care, including combined EU-ICUs, or mobile critical care teams that are not
location-based within the hospital [53–55].
Transition points within the early critical care services continuum—Transitions of care frequently
occur across the continuum between providers and between/within facilities. These transitions are
a critical link between the continuum components and affect patient outcomes, especially when
patients are critically ill and communication regarding details of their care are essential [9].
Several high-frequency transition points have been identified that require special attention.
•

Prehospital to EU/triage

•

EU/triage – ICU/Ward/OR/interfacility transfer

•

Ward/OR – ICU/interfacility transfer

•

ICU/Ward/OR – Ward/interfacility transfer

•

Temporary transfers from EU/ICU for specialized procedure/study (OR, radiology, GI etc.)

•

Transfer from Ward/OR – EU when necessary

Structured transition protocols can utilise locally available resources (i.e., medical personnel,
equipment and support services) to optimally arrange critical care services to improve patient
outcomes and system efficiency to reduce costs. These protocols should acknowledge that the
risk-benefit calculation for a particular transition of care in a LRS may differ from a resource
rich setting. These models may vary based on location, environment, facilities, infrastructure,
community, personnel, equipment and transport options. Integration of innovative methods
of communication and mHealth/telemedicine may be a way to help improve care during these
transitions if created appropriately [56, 57].
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Conditions that require ongoing life-sustaining vital organ support often necessitate physical
transfer of the patient, either within the facility or to another that can provide the needed level of
care. The risk-benefit decision for moving to another locale should be calculated based on the local
context, including available human and material resources and the time sensitivity of the condition
or disease process. Every effort should be made during initial resuscitation and stabilization to
ensure the safest transfer possible. Ideally, all interfacility transport systems should be capable
of providing basic resuscitation; however, this is not the reality in many LRS. Appropriate critical
care facilities and infrastructure are often separated by distance, thereby increasing the need for
effective transport, or for flexible areas of care in front line hospitals that can provide early critical
care services.
Continuous patient monitoring must occur at each transition point in the care continuum.
Transitions of care should avoid gaps in monitoring and in the level of care provided that can
expose the critically ill patient to unnecessary risk, particularly for interfacility transfers. However,
some exceptions to this may present themselves as necessary risks in very LRS. Again, this should
be determined by the local context.
Critical errors in the care and management of critically ill patients can occur during signout periods
[58, 59], so structured communication protocols, including face-to-face verbal handoff and
transfer of documentation, should be developed for each transition point in the care continuum.
Signout protocols should be simple to remember, easy to use and adopted systematically
throughout a facility or system. Signout and documentation should include, at a minimum, initial
assessment findings, laboratory or radiographic data, interventions performed and response
to them, and the reason for entry into a critical care treatment pathway. Verbal face-to-face
signout between providers caring for the patient initially and those administering critical care is
ideal, but when this is not possible, telephone handoff should occur, along with accurate written
documentation. Successful implementation of signout protocols that reduce miscommunication
has been demonstrated in LMICs [60]. There are various formats to choose from, for example
the WHO Basic Emergency Care course uses the SBAR model (Situation, Background, Assessment,
Recommendations) [41].
Transitions between the health system components are high-risk events, particularly for patients
requiring critical care. Establishing clear referral pathways, structured handoff protocols, and
consistent documentation requirements can improve communication between the many clinicians
who care for these complex patients [61, 62].

SECTION IV
MEASURING IMPACT – HOW IS THE IMPACT OF EARLY CRITICAL CARE SERVICES
IN LRS MEASURED?
Currently, there is a dearth of knowledge and consensus about how to best evaluate critical care
services and their efficacy, safety, and quality in LMICs [1, 2, 51, 63, 64]. While this is true for a
range of healthcare fields, some aspects that are unique to critical care services are the need to
evaluate access to time sensitive indicators, such as time to access care or time to recognition of
critical illness.
Several professional organizations and leaders in the field have proposed methods for evaluating
quality critical care services, but their frameworks mostly focus on HICs [65–69]. Although some
signal functions and impact assessment techniques cross over from high- to low-resource settings,
many do not. For example, while sepsis is frequently encountered in both high- and low-resource
settings, the underlying etiology and pathophysiology may differ [70]. Thus, the care based on
principles derived in resource rich settings may not be appropriate in LRS [71].
While many specific metrics cannot be translated directly from HICs to LMICs, the broader
categories of how to look at care can still apply. National and international critical care organizations
have named a range of process indicators primarily within several key areas, including Access
(e.g., timely availability of space, efficient transport systems and adequately trained caregivers)
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[67, 68], Safety (ability to provide intensive monitoring, rapid intervention, and treatment, as well
as preventing and responding appropriately to patient harm secondary to healthcare provided),
and Effectiveness (utilizing evidence-based medical practices, assessment of mortality and
morbidity) [66, 72–80].
It is inherently more challenging for LMICs to fulfill identical metrics to HICs. Staffing shortages,
limited equipment and monitoring systems decrease the ability to comply with and measure
structure, process and outcome indicators. However, a cornerstone of improving care for the
critically ill is identifying ways to quantifiably improve care. While this is largely a work in progress,
standardized metrics and process improvement measures can be successful in LMICs.
Examples of successful measurements across a range of impacts in LRS for specific conditions are
listed below.
•

Vertical impact: Early sepsis management in Uganda using a care bundle by a dedicated
medical officer led to a significant improvement in mortality [81].

•

Horizontal impact: A multi-center initiative to implement sepsis bundles in public hospitals in
Brazil found that a decreased time to sepsis diagnosis was associated with reduced hospital
mortality [82, 83].

•

Process measure analysis: The implementation of a sepsis treatment bundle in Haiti
significantly improved process measures, such as sepsis diagnosis and recognition [84].

•

Alternate case definitions: Traditional diagnostic criteria for many conditions may rely on
tests that are costly or not readily available in LRS. The Kigali Modification of the Berlin
Criteria for the diagnosis of acute respiratory distress syndrome (ARDS) uses SpO2 values
and lung ultrasound as alternative diagnostic modalities, allowing for a more accurate
determination of the incidence of ARDS in LRS [85].

Another important area to evaluate is cost effectiveness. A myth often believed is that critical care
services are a highly expensive luxury that primarily address the needs of the chronically ill or those
with limited life expectancy. However, in LMICs critical care is often short-term and life-saving in
response to an acute illness or injury, frequently of otherwise young and healthy individuals, and
has an immense potential to replace quality of life years lost. Additionally, many of these life-saving
early critical care interventions, such as IV fluids or physiologic monitoring, or potentially cost
effective prehospital transport, are not limited to the expensive pieces of equipment traditionally
associated with HIC intensive care units [86]. What data we do have suggests that early critical
care services may likely be highly cost effective for this reason [87, 88]. However, we need further
data and defined methods for analyzing this.

SECTION V
RECOMMENDATIONS – WHAT ARE THE NEXT STEPS TO IMPROVE CRITICAL CARE
SERVICES IN LRS?
Strengthening early critical care services in LRS will require a multi-faceted approach, including
three core pillars: education, research, and policy. This foundation offers a starting point for
governments, NGOs, and medical professionals to evaluate their current systems, plan interventions
and measure impact.
Education: Human resource development is essential to early critical care services, especially in LRS
where human resource shortages are common [89]. Most medical schools in LRS do not include
early critical care services in their curriculum, and there are few education and training programs
dedicated to early critical care services in LRS [90–92]. When planning educational programs to
improve human resource capacity, each country’s current human resources must be evaluated to
decide on the duration of training, who should be trained, and using what curriculum. Emergency
medicine and/or critical care residencies and fellowships in LRS last one to six years [31, 72, 93–96].
Specialty and subspecialty training within these fields should be a long-term goal for physicians in
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LMICs. However, even with the implementation of new formal physician training pathways, these
will still likely only create a small group of physicians qualified to manage critically ill patients, and
the length of training and small number of graduates are not sufficient to meet human resource
needs and so we must look outside traditional training pathways.
Short-term training periods that focus on high-yield topics and the initial approach to a patient
rather than broad critical reasoning or a refined skill set are one option. While short-term programs
alone cannot fulfill long-term health system needs, they represent a starting point for training in
low-resource settings. These include the recently released WHO Basic Emergency Care course,
a week-long open source training program that covers the initial resuscitation and stabilization
of several critical presentations [97]. Medium-term programs, similar to the two-year programs,
train-the-trainer mid-level Emergency Care Practitioner Program in Uganda [93, 96], represent a
middle ground. A combination of multiple training programs and durations may be needed to
improve short and long-term capacity throughout a country.
Early critical care services require a team-based approach, often involving a broad variety of
providers and staff across a range of locations. Each cadre of providers requires early critical care
training relevant to their roles in the health system. Nurses deliver a large portion of the care in
many countries and their training should be prioritized and perhaps include education geared
towards respiratory care in order to strengthen capacity. For countries with sufficient capacity to
train physician and nurse specialists, consideration should be given to training dedicated critical
care specialists while also incorporating early critical care training into the curriculum of other
specialties such as emergency physicians, surgeons, OB/GYNs, pediatricians and internal medicine
physicians. Since patients can become critically ill at any time in any context, confining early critical
care education to a small group of future critical care specialists without also including it in other
training programs may hinder the identification and management of these patients.
Training outside of traditional health structures should also be considered: The effectiveness of
training lay people in basic lifesaving skills they can use in scenarios involving injuries, births, and
even cardiac arrests have been demonstrated in several studies [17, 98, 99]. While the use of
traditional healers may pose a barrier to timely access to care [100], there may be an opportunity
to think creatively on how to engage and incorporate their care into the continuum.
The SARS-CoV-2 pandemic has highlighted how technology can be utilized to bring communication
and education in ways not traditionally accomplished. Tele-education for critical care is another
area that may well be worth exploring further. Limited studies have shown even weekly tele ICU
education in a LRS led to decreased mortality, length of ICU stay, and significant cost savings [101].
Important considerations for medical education programs include:
•

Ensuring the content of each education program is relevant to the local disease burden and
resources available.

•

Including structured initial and continuing education aspects, which will relieve the
impractical requirement for frequent recertifications [95, 102–104]; combining formal or
classroom training with clinical mentorship.

•

Promoting systems to adapt clinical operations as human resource capacity develops, for
example by adding additional even basic technologies ranging from pulse oximetry to
ultrasound to positive pressure ventilation.

•

Wherever possible, curricula should be open source and shared so new programs can adapt
existing materials rather than redevelop the same ones.

•

System of credentialing by local regulatory bodies is also important for health care workers
training to be recognized in other settings.

Within each setting, consider who can best administer and teach educational programs. If local
expertise is not available, international paid or volunteer clinician teachers may be necessary.
Even in these cases, programs should still be locally driven: care should be taken to ensure
visiting clinicians work with a local partner, are appropriately oriented to the local setting and
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are supervised within existing local structures. If initial training requires regional or international
specialists, train-the-trainer models should be prioritized early to ensure sustainability and
scalability of educational interventions.
Research: Countries must understand the burden of critical disease, best practices for resuscitation,
and effectiveness of different early critical care services implementation models. Better evidence is
needed to strengthen early critical care clinical services, direct trainings, evaluate implementation
models, and understand the costs of early critical care. Development of information systems
should be a goal for the implementation of research.
Human resource limitations, methods of documentation, and the fact that early critical care
services in LRS is delivered across a heterogeneous network of facilities – including clinics,
outpatient departments, formal EDs, and inpatient units – all contribute to the lack of reliable data
[105–108]. The cost of both conducting research as well as being able to publish and reference
literature is also a barrier. This baseline limited understanding of the early critical care disease
burden, combined with the lack of consensus on the essential components of early critical care
and key analytic elements to evaluate early critical care [105–108], make it hard to prioritize
research or assess different implementation frameworks.
An important next step is having a coalition of experts in emergency and critical care services in LRS in
LMICs come together for a priority setting exercise. Ideally this will involve all relevant stakeholders
including but not limited to health care providers, policy makers, in addition to academicians.
National and international consensus should be reached on the essential components for early
critical care systems and quality monitoring to help standardize and carry out outcomes and
implementation research. Until then, previously proposed priorities for emergency and critical care
research could be adapted. Among others, these include [105–108]:
•

Document and estimate the burden of critical disease through national surveillance systems
and analytic models.

•

Improve local research infrastructure by supporting qualitative and comparative research
and reviewing existing methods of documentation.

•

Evaluate access to critical care services by determining where care is provided and by whom,
conduct qualitative research examining the settings where this care is being delivered, and
evaluate barriers that people face when seeking access to this care.

•

Document, classify, and evaluate the range of interventions designed to improve early
critical care systems, identify the most relevant outcomes, and create frameworks to
evaluate common categories of initiatives.

•

Identify health metrics to estimate the burden of preventable disease and its association
with a lack of adequate early critical care services. Identify and classify outcome measures
needed to evaluate interventions.

•

Develop advanced modeling to assess the financial and health effects of implementations of
proposed acute care initiatives.

Health system investments are required to address current barriers to research in LRS, including
methods of documentation, available infrastructure, and training in research methodology [105–108].
•

Research projects led by HIC researchers should include local capacity building and health
systems strengthening.

•

Vertical disease-specific research projects should not be ignored, as common diseases
in LMICs, including malaria, pneumonia, gastroenteritis, meningitis, tuberculosis, human
immunodeficiency virus infection, and bacterial sepsis, contribute to the burden of critical
illness [64, 109, 110].

•

Quality improvement projects can be integrated as part of training models to incorporate
research methodology as well as real-time improvement in care [111].
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Policy: Policy needs to be developed and advanced at local, national, and international levels.
At an international level, the need for and importance of improved early critical care services
should be explicitly recognized and stated, similar to World Health Assembly resolution 60.22 for
emergency care systems [112]. Global consensus around these issues will help national ministries
of health and non-governmental organizations advocate for funding to improve early critical care
services. Advocacy itself is an important component of next steps, as this is crucial in determining
both prioritization of human resources, as well as infrastructural changes. Importantly, the right
to access early critical care is essential to providing the Universal health coverage the WHO
promotes as a human right, “defined as ensuring that all people have access to needed health
services of sufficient quality to be effective while also ensuring that the use of these services
does not expose the user to financial hardship [113].” In addition, international agreement on
the key functions of an early critical care system will help inform national policies to ensure these
functions can be fulfilled. International consensus on quality metrics and proposing policies to
meet quality targets will allow benchmarking between countries to evaluate systems. Proposed
minimum standards exist for ICUs [6] and should be modified for all settings where early critical
care services are delivered.
At a national level, early critical care services expansion plans should be made and then supported
through policy. Early critical care services are a key component of integrated health care systems
and their implementation, development and maintenance should be included when conducting
assessments of national health systems, especially those related to emergency or operative care.
Essential to any improvement in care, national policy should include commitments to funding
the building blocks of early critical care services systems, including improved human resources,
training, and quality programs, and infrastructure and supplies for critical care. Each Ministry of
Health needs to choose and support care delivery models realistic to their setting. This may require
task shifting if human resources are limited. Shifting tasks from specialists to mid-level providers
and generalists can close gaps in care [114]. Training and empowering nurses to make critical care
decisions and to educate younger nurses, potentially under the supervision of an experienced
advanced practice provider, can expand the pool of able practitioners and ensure sustainability
of the practice model [39, 64, 110]. Enshrining task shifting choices into policy assists with
implementation models and ensures legal compliance and legitimacy.
National early critical care services delivery plans must consider what level of critical care services
will be available at each level of the health system, and how patients will move between these
levels. Efforts to compile and then implement practice-support tools such as protocols, checklists,
standard order sets, and supplies can benefit early critical care services [23].
Though often overlooked, national policies describing if/when it is appropriate not to start or to
stop life sustaining treatment, for example in the face of irreversible pathology or no capacity for
higher level care, can guide providers and maximize use of limited resources.
Within each hospital there should be policies describing and promoting early critical care services,
including policies describing where such patients should be cared for and by whom. Policies
protecting the right of patients to receive time sensitive early critical care services before payment
should also be promoted. For countries where there is significant decentralization of health care
delivery and health policy, provincial or local policies on similar topics to those at the national level
will support early critical care services implementation.

CONCLUSION
The burden of critical illness and injury in LRS is higher and associated with worse patient outcomes
than in HICs. Although intensive care units are commonly associated with high costs, early critical
care services may be effectively delivered in diverse settings in a cost-effective manner. Early
critical care delivery models can vary and should be context dependent, with specific attention
to regional human and material resource availability. There is evidence that early critical care
services are already being delivered in both formal and informal ways across many settings in LRS
by many different types of providers.
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We believe that the development and strengthening of early critical care services is most effective
when all components of the continuum of care are addressed, particularly identified highfrequency care transition points. Providers caring for patients should be prepared to identify the
need for critical care and to deliver some level of early critical care services regardless of their level
of training or setting. Structured guidelines and protocols that are locally appropriate and based
upon global best practices should be developed to guide early critical care decision making. A
continuing focus on education, research, and policy guidance will be key to advancing this agenda
and to improve the outcomes of the most critically ill and injured patients.

COMPETING INTERESTS
The authors have no competing interests to declare.

AUTHOR AFFILIATIONS
Lia I. Losonczy
George Washington University, US
Alfred Papali
University of North Carolina, US
Sean Kivlehan
Harvard, US
Emilie J. Calvello Hynes
University of Colorado, US
Georgina Calderon
Adventist Health Ukiah Valley, US
Adam Laytin
Johns Hopkins, US
Vanessa Moll
University Hospital Zurich, CH
Ahmed Al Hazmi
University of Maryland, US
Mohammed Alsabri
President, Yemeni Association of Emergency Medicine and Disaster, YE
Diptesh Aryal
Nepal Mediciti Hospital, NP
Vincent Atua
Vila Central Hospital, VU
Torben Becker
University of Florida, US
Nicole Benzoni
Indiana University, US
Enrico Dippenaar
University of Cape Town, ZA
Edrist Duneant
Hôpital Universitaire de Mirebalais, HT
Biruk Girma
Addis Ababa University, ET
Naomi George
Brigham and Women’s Hospital, US
Preeti Gupta
georgetown, US

Losonczy et al.
Annals of Global Health
DOI: 10.5334/aogh.3377

12

Michael Jaung
Baylor, US
Bonaventure Hollong
Yaoundé Central Hospital, CM
Diulu Kabongo
University of Cape Town, ZA
Rebecca J. Kruisselbrink
McMaster University, CA
Dennis Lee
Fiji National University, FJ
Augusto Maldonado
Universidad San Francisco de Quito, EC
Jesse May
University of Toronto, CA
Maxwell Osei-Ampofo
KATH, GH
Yasein Omer Osman
Emergency Medicine SMSB, SD
Christian Owoo
Korle-Bu Teaching Hospital, GH
Shada A. Rouhani
Partners in Health, US
Hendry Sawe
Muhimbili University, TZ
Daniel Schnorr
Medicine Sans Frontier, US
Gentle S. Shrestha
Tribhuvan University, NP
Aparajita Sohoni
Highland Hospital, US
Menbeu Sultan
SPHMMC, ET
Andrea G. Tenner
UCSF, US
Hanan Yusuf
Addis Ababa University, ET
Neill K. Adhikari
Sunnybrook Health Sciences Centre, CA
Srinvas Murthy
BC Children’s Hospital Research Institute, CA
Niranjan Kissoon
University of British Columbia, CA
John Marshall
University of Toronto, CA
Abdo Khoury
EUSEM, FR
Abdelouahab Bellou
Harvard, FR
Lee Wallis
University of Cape Town, ZA
Teri Reynolds
WHO, CH

Losonczy et al.
Annals of Global Health
DOI: 10.5334/aogh.3377

13

REFERENCES
1.

2.
3.

4.

5.

6.

7.

8.
9.

10.
11.

12.

13.
14.

15.

Adhikari NKJ, Fowler RA, Bhagwanjee S, Rubenfeld GD. Critical care and the global burden of
critical illness in adults. The Lancet. 2010; 376(9749): 1339–46. DOI: https://doi.org/10.1016/S01406736(10)60446-1
Dondorp AM, Iyer SS, Schultz MJ. Critical care in resource-restricted settings. JAMA: The Journal of the
American Medical Association. 2016; 315(8): 753–54. DOI: https://doi.org/10.1001/jama.2016.0976
Oteng RA, Whiteside LK, Rominski SD, et al. Individual and medical characteristics of adults presenting
to an urban emergency department in Ghana. Ghana Medical Journal. 2015; 49(3): 136–41. DOI: https://
doi.org/10.4314/gmj.v49i3.2
Schultz MJ, Dunser MW, Dondorp AM, et al. Current challenges in the management of sepsis in ICUs in
resource-poor settings and suggestions for the future. Intensive Care Medicine. 2015; 43(5): 612–24. DOI:
https://doi.org/10.1007/s00134-017-4750-z
Haniffa R, De Silva AP, de Azevedo L, et al. Improving ICU services in resource-limited settings:
Perceptions of ICU workers from low-middle-, and high-income countries. Journal of Critical Care. 2018;
44(April): 352–56. DOI: https://doi.org/10.1016/j.jcrc.2017.12.007
Marshall JC, Bosco L, Adhikari NK, et al. What is an intensive care unit? A report of the task force of
the World Federation of Societies of Intensive and Critical Care Medicine. Journal of Critical Care. 2017;
37(February): 270–76. DOI: https://doi.org/10.1016/j.jcrc.2016.07.015
Riviello ED, Letchford S, Achieng L, Newton MW. Critical care in resource-poor settings: Lessons
learned and future directions. Critical Care Medicine. 2011; 39(4): 860–67. DOI: https://doi.org/10.1097/
CCM.0b013e318206d6d5
IFEM. IFEM. INTERNATIONAL FEDERATION FOR EMERGENCY MEDICINE: MISSION. March 4, 2016. https://
www.ifem.cc/about-us/.
Schell CO, Khalid K, Wharton-Smith A, The EECC Collaborators, et al. Essential Emergency and Critical
Care: a consensus among global clinical experts. BMJ Global Health. 2021; 6: e006585. DOI: https://doi.
org/10.1136/bmjgh-2021-006585
The World Bank. World Bank country and lending groups – World Bank data help desk. https://
datahelpdesk.worldbank.org/knowledgebase/articles/906519. [Accessed August 4, 2020].
Murray CJL, Lopez AD. Measuring the global burden of disease. The New England Journal of
Medicine; 2013. https://www.nejm.org/doi/full/10.1056/nejmra1201534. DOI: https://doi.org/10.1056/
NEJMra1201534
Austin S, Murthy S, Wunsch H, Adhikari NKJ. Access to urban acute care services in high- vs.
middle-income countries: An analysis of seven cities. Intensive Care; 2014. https://link.springer.com/
article/10.1007/s00134-013-3174-7.
Annez PC, Linn JF. An agenda for research on urbanization in developing countries: A summary of
findings from a scoping exercise. The World Bank; 2010. DOI: https://doi.org/10.1596/1813-9450-5476
Kironji AG, Hodkinson P, Stewart de Ramirez S, et al. Identifying barriers for out of hospital emergency
care in low and low-middle income countries: A systematic review. BMC Health Services Research. 2018;
18(1): 291. DOI: https://doi.org/10.1186/s12913-018-3091-0
Wilson A, Hillman S, Rosato M, et al. A systematic review and thematic synthesis of qualitative studies
on maternal emergency transport in low- and middle-income countries. International Journal of
Gynecology & Obstetrics; 2013. DOI: https://doi.org/10.1016/j.ijgo.2013.03.030

16. Mock CN, Tiska M, Adu-Ampofo M, Boakye G. Improvements in prehospital trauma care in an African
country with no formal emergency medical services. The Journal of Trauma. 2002; 53(1): 90–97. DOI:
https://doi.org/10.1097/00005373-200207000-00018
17. Kobusingye OC, Hyder AA, Bishai D, Hicks ER, Mock C, Joshipura M. Emergency medical systems
in low- and middle-income countries: Recommendations for action. Bulletin of the World Health
Organization. 2005; 83(8): 626–31.
18. World Health Organization. WHO, surgical care at the district hospital;
2003. https://apps.who.int/iris/bitstream/handle/10665/42564/9241545755.
pdf;jsessionid=6FC140F238332BF9FC34289BEBA60C23?sequence=1. Accessed Aug 15, 2020.
19. Towey RM, Ojara S. Intensive care in the developing world. Anaesthesia. 2007; 62 Suppl 1(December):
32–37. DOI: https://doi.org/10.1111/j.1365-2044.2007.05295.x
20. Slusher TM, Kiragu AW, Day LT, et al. Pediatric critical care in resource-limited settings—Overview and
lessons learned. Frontiers in Pediatrics. 2018; 6: 49. DOI: https://doi.org/10.3389/fped.2018.00049
21. Tripathi S, Kaur H, Kashyap R, Dong Y, Gajic O, Murthy S. A survey on the resources and practices in
pediatric critical care of resource-rich and resource-limited countries. Journal of Intensive Care Medicine.
2015; 3(October): 40. DOI: https://doi.org/10.1186/s40560-015-0106-3

Losonczy et al.
Annals of Global Health
DOI: 10.5334/aogh.3377

14

22. Baker T. Critical care in low-income countries. Tropical Medicine & International Health: TM & IH. 2009;
14(2): 143–48. DOI: https://doi.org/10.1111/j.1365-3156.2008.02202.x
23. Murthy S, Adhikari NK. Global health care of the critically ill in low-resource settings. Annals of the
American Thoracic Society. 2013; 10(5): 509–13. DOI: https://doi.org/10.1513/AnnalsATS.201307-246OT
24. Schell CO, Wärnberg MG, Hvarfner A, et al. The global need for essential emergency and critical care.
Critical Care/the Society of Critical Care Medicine. 2018; 22(1): 284. DOI: https://doi.org/10.1186/s13054018-2219-2
25. Joshipura MK, Shah HS, Patel PR, Divatia PA, Desai PM. Trauma care systems in India. Injury; 2003;
34(9): 686–92. DOI: https://doi.org/10.1016/S0020-1383(03)00163-3
26. Lee S, Onye A, Latif A. Emergency anesthesia in resource-limited areas. Anesthesiology Clinics. 2020;
38(1): 213–30. DOI: https://doi.org/10.1016/j.anclin.2019.10.011
27. Niyogi A, Villona B, Rubenstein BL, Hubbard SJ, Baiden F, Moresky RT. In-service training of physician
assistants in acute care in Ghana: Challenges, successes, and lessons learned. African Journal of
Emergency Medicine. 2015; 5(3): 114–19. DOI: https://doi.org/10.1016/j.afjem.2015.01.006
28. Obermeyer Z, Abujaber S, Makar M, et al. Emergency care in 59 low- and middle-income countries:
A systematic review. Bulletin of the World Health Organization. 2015; 93(8): 577–86G. DOI: https://doi.
org/10.2471/BLT.14.148338
29. Nowacki AK, Landes M, Azazh A, Puchalski Ritchie LM. A review of published literature on emergency
medicine training programs in low- and middle-income countries. International Journal of Emergency
Medicine. 2013; 6(1): 26. DOI: https://doi.org/10.1186/1865-1380-6-26
30. Aluisio AR, Barry MA, Martin KD, Mbanjumucyo G, et al. Impact of emergency medicine training
implementation on mortality outcomes in Kigali, Rwanda: An interrupted time-series study. African
Journal of Emergency Medicine: Revue Africaine de La Medecine D’urgence. 2019; 9(1): 14–20. DOI:
https://doi.org/10.1016/j.afjem.2018.10.002
31. Rouhani SA, Israel K, Leandre F, Pierre S, Bollman B, Marsh RH. Addressing the immediate need for
emergency providers in resource-limited settings: The model of a six-month emergency medicine
curriculum in Haiti. International Journal of Emergency Medicine. 2018; 11(1): 22. DOI: https://doi.
org/10.1186/s12245-018-0182-y
32. Haniffa R, Lubell Y, Cooper BS, et al. Impact of a structured ICU training programme in resource-limited
settings in Asia. PloS One. 2017; 12(3): e0173483. DOI: https://doi.org/10.1371/journal.pone.0173483
33. Sherman CB, Carter EJ, Braendli O, Getaneh A, Schluger NW. The East African training initiative. A
model training program in pulmonary and critical care medicine for low-income countries. Annals of
the American Thoracic Society. 2016; 13(4): 451–55. DOI: https://doi.org/10.1513/AnnalsATS.201510673OC
34. Losonczy LI, Barnes SL, Liu S, et al. Critical care capacity in Haiti: A nationwide cross-sectional survey.
PloS One. 2019; 14(6): e0218141. DOI: https://doi.org/10.1371/journal.pone.0218141
35. Brotherton BJ, Halestrap P, Mbugua E, et al. ECCCOing the call for emergency and critical care training
in low middle-income countries. Critical Care/the Society of Critical Care Medicine; 2019. DOI: https://doi.
org/10.1186/s13054-019-2532-4
36. Vukoja M, Riviello E, Gavrilovic S, et al. A survey on critical care resources and practices in low- and
middle-income countries. Global Heart. 2014; 9(3): 337–42.e1–5. DOI: https://doi.org/10.1016/j.
gheart.2014.08.002
37. Mullan F. The metrics of the physician brain drain. The New England Journal of Medicine. 2005; 353(17):
1810–18. DOI: https://doi.org/10.1056/NEJMsa050004
38. Turner EL, Nielsen KR, Jamal SM, von Saint André-von Arnim A, Musa NL. A review of pediatric critical
care in resource-limited settings: A look at past, present, and future directions. Frontiers in Pediatrics.
2016; 4(February): 5. DOI: https://doi.org/10.3389/fped.2016.00005
39. Firth P, Ttendo S. Intensive care in low-income countries—A critical need. The New England Journal of
Medicine. 2012; 367(21): 1974–76. DOI: https://doi.org/10.1056/NEJMp1204957
40. World Health Organization. WHO, pediatric emergency triage, assessment and treatment: Care of
critically ill children. World Health Organization; 2016. https://www.who.int/maternal_child_adolescent/
documents/paediatric-emergency-triage-update/en/. Accessed Aug 15, 2020.
41. World Health Organization, and International Committee of the Red Cross (ICRC). WHO, basic
emergency care: Approach to the acutely ill and injured: Participant workbook. World Health
Organization. Accessed Aug 15, 2020.
42. AAFP. Advanced life support in obstetrics (ALSO®); 2000. https://www.aafp.org/cme/programs/also.html.
43. Kumar JA, Maiya AG, Pereira D. Role of physiotherapists in intensive care units of India: A multicenter
survey; 2007. https://pdfs.semanticscholar.org/a46f/9c10ad2c8ad520b54eed2de43b666116c1ec.pdf.

Losonczy et al.
Annals of Global Health
DOI: 10.5334/aogh.3377

15

44. De Silva AP, Stephens T, Welch J, Sigera C. Nursing intensive care skills training: A
nurse led, short, structured, and practical training program, developed and tested in
a resource-limited setting. Journal of Critical Care; 2015. https://www.sciencedirect.
com/science/article/pii/S0883944114004316?casa_token=vI1pzzuwbyUAAAAA:
qEwwtMFwuigttyIAtWaGoYHVgL5EgsIsd9BusOYCMmKYnpbvq7clNEnI5r2Hd3yyvILdbnU4ftM.
45. Azad A, Min J-G, Syed S, Anderson S. Continued nursing education in low-income and middle-income
countries: A narrative synthesis. BMJ Global Health. 2020; 5(2): e001981. DOI: https://doi.org/10.1136/
bmjgh-2019-001981
46. Vincent J-L. The continuum of critical care. Critical Care/the Society of Critical Care Medicine; 2019;
23(Suppl 1): 122. DOI: https://doi.org/10.1186/s13054-019-2393-x
47. Tunpattu S, Newey V, Sigera C, De Silva P, et al. A short, structured skills training course for critical care
physiotherapists in a lower-middle income country. Physiotherapy Theory and Practice. 2018; 34(9):
714–22. DOI: https://doi.org/10.1080/09593985.2018.1423593
48. Bailey H. Critical connections – Continuum of care. Society of Critical Care Medicine; 2019. https://www.
sccm.org/Communications/Critical-Connections/Archives/2019/President-s-Message-Continuum-of-Care.
49. Safar P. Critical Care Medicine—Quo Vadis? Critical Care Medicine. 1974; 2(1): 1–5. DOI: https://doi.
org/10.1097/00003246-197401000-00001
50. Kruk ME, Gage AD, Arsenault C, et al. High-quality health systems in the sustainable development
goals era: Time for a revolution. The Lancet. Global Health. 2018; 6(11): e1196–1252. DOI: https://doi.
org/10.1016/S2214-109X(18)30386-3
51. Murthy S, Leligdowicz A, Adhikari NKJ. Intensive care unit capacity in low-income countries: A
systematic review. PloS One. 2015; 10(1): e0116949. DOI: https://doi.org/10.1371/journal.pone.0116949
52. Baelani I, Jochberger S, Laimer T, et al. Availability of critical care resources to treat patients with
severe sepsis or septic shock in Africa: A self-reported, continent-wide survey of anaesthesia providers.
Critical Care/the Society of Critical Care Medicine. 2011; 15(1): R10. DOI: https://doi.org/10.1186/cc9410
53. Losonczy LI, Scalea T, Stein D, et al. The critical care resuscitation unit: A new paradigm for optimizing
inter-hospital transfer of patients with non-trauma time sensitive critical conditions. 2018; 18(1). https://
healthmanagement.org/c/icu/issuearticle/the-critical-care-resuscitation-unit.
54. Mitarai T. THE UNIT, Stanford Emergency Critical Care Program (ECCP). ACEP Critical Care Medicine
Section; 2018. https://www.acep.org/how-we-serve/sections/critical-care-medicine/news/july-2018/
stanford-emergency-critical-care-program-eccp/.
55. Gunnerson KJ, Bassin BS, Havey RA, et al. Association of an emergency department-based intensive
care unit with survival and inpatient intensive care unit admissions. JAMA Network Open. 2019; 2(7):
e197584. DOI: https://doi.org/10.1001/jamanetworkopen.2019.7584
56. Wallis L, Blessing P, Dalwai M, Shin SD. Integrating mHealth at point of care in low- and middle-income
settings: The system perspective. Global Health Action. 2017; 10 (sup3): 1327686. DOI: https://doi.org/10.
1080/16549716.2017.1327686
57. Pandian JD, William AG, Kate MP, et al. Strategies to improve stroke care services in low- and middleincome countries: A systematic review. Neuroepidemiology. 2017; 49(1–2): 45–61. DOI: https://doi.
org/10.1159/000479518
58. Horwitz LI, Moin T, Krumholz HM, Wang L, Bradley EH. Consequences of inadequate sign-out for
patient care. Archives of Internal Medicine; 2008. DOI: https://doi.org/10.1001/archinte.168.16.1755
59. Lee JC, Horst M, Rogers A, et al. Checklist-styled daily sign-out rounds improve hospital throughput in a
major trauma center. The American Surgeon; 2014. DOI: https://doi.org/10.1177/000313481408000513
60. Pariha S, Saeed S, Qureshi S, Altaf S. Implementation of a low-cost standardized handoff system
(IPASS) in a pediatric hematology/oncology unit: Lessons from a low-middle income country. Journal of
Clinical Oncology; 2018. DOI: https://doi.org/10.1200/JCO.2018.36.30_suppl.278
61. The Joint Commission. The Joint Commission. Hot Topics, Issue #1, Transitions of Care;
2012. Accessed August 15, 2020. https://www.jointcommission.org/-/media/deprecatedunorganized/imported-assets/tjc/system-folders/topics-library/hot_topics_transitions_of_carepdf.
pdf?db=web&hash=CEFB254D5EC36E4FFE30ABB20A5550E0.
62. The Joint Commission. The Joint Commission, Hot Topics, Issue #2, Transitions of Care: The Need
for Collaboration across Entire Care Continuum; 2/2013. https://www.jointcommission.org/-/media/
deprecated-unorganized/imported-assets/tjc/system-folders/assetmanager/toc_hot_topicspdf.
pdf?db=web&hash=771E68DC706144E8A23553D961F9D12E. Accessed August 15, 2020.
63. Schultz MJ, Dünser MW, Dondorp AM, et al. Current challenges in the management of sepsis in ICUs
in resource-poor settings and suggestions for the future. In: Dondorp AM, Dünser MW, Schultz MJ, eds.
Sepsis Management in Resource-Limited Settings. Cham, CH: Springer; 2019.

Losonczy et al.
Annals of Global Health
DOI: 10.5334/aogh.3377

16

64. Dünser MW, Baelani I, Ganbold L. A review and analysis of intensive care medicine in the least
developed countries. Critical Care Medicine. 2006; 34(4): 1234–42. DOI: https://doi.org/10.1097/01.
CCM.0000208360.70835.87
65. Ray B, Samaddar DP, Todi SK, Ramakrishnan N, John G, Ramasubban S. Quality indicators for ICU:
ISCCM guidelines for ICUs in India. Indian Journal of Critical Care Medicine: Peer-Reviewed, Official
Publication of Indian Society of Critical Care Medicine. 2009; 13(4): 173–206. DOI: https://doi.org/10.5005/
ijccm-13-4-173
66. Najjar-Pellet J, Jonquet O, Jambou P, Fabry J. Quality assessment in intensive care units: Proposal for
a scoring system in terms of structure and process. Intensive Care Medicine. 2008; 34(2): 278–85. DOI:
https://doi.org/10.1007/s00134-007-0883-9
67. Nates JL, Nunnally M, Kleinpell R, et al. ICU admission, discharge, and triage guidelines: A framework
to enhance clinical operations, development of institutional policies, and further research. Critical Care
Medicine. 2016; 44(8): 1553–1602. DOI: https://doi.org/10.1097/CCM.0000000000001856
68. Weled BJ, Adzhigirey LA, Hodgman TM, et al. Critical care delivery: The importance of process of care
and ICU structure to improved outcomes: An update from the American College of Critical Care Medicine
Task Force on Models of Critical Care. Critical Care Medicine. 2015; 43(7): 1520–25. DOI: https://doi.
org/10.1097/CCM.0000000000000978
69. Blanch L, Abillama FF, Amin P, et al. Triage decisions for ICU admission: Report from the task force of
the World Federation of Societies of Intensive and Critical Care Medicine. Journal of Critical Care. 2016;
36(December): 301–5. DOI: https://doi.org/10.1016/j.jcrc.2016.06.014
70. Kwizera A, Adhikari NKJ, Angus DC, et al. Recognition of sepsis in resource-limited settings. In: Dondorp
AM, Dünser MW, Schultz MJ, eds. Sepsis Management in Resource-Limited Settings. Cham, CH: Springer;
2019. DOI: https://doi.org/10.1007/978-3-030-03143-5_4
71. Andrews B, Semler MW, Muchemwa L, et al. Effect of an early resuscitation protocol on in-hospital
mortality among adults with sepsis and hypotension: A randomized clinical trial. JAMA: The
Journal of the American Medical Association. 2017; 318(13): 1233–40. DOI: https://doi.org/10.1001/
jama.2017.10913
72. Valentin A, Ferdinande P, ESICM Working Group on Quality Improvement. Recommendations on basic
requirements for intensive care units: Structural and organizational aspects. Intensive Care Medicine.
2011; 37(10): 1575–87. DOI: https://doi.org/10.1007/s00134-011-2300-7
73. Rhodes A, Moreno RP, Azoulay E, et al. Task Force on Safety and Quality of European Society of
Intensive Care Medicine (ESICM). Prospectively defined indicators to improve the safety and quality of
care for critically ill patients: A report from the Task Force on Safety and Quality of the European Society
of Intensive Care Medicine (ESICM). Intensive Care Medicine. 2012; 38(4): 598–605. DOI: https://doi.
org/10.1007/s00134-011-2462-3
74. Guidet B, Valentin A, Flaatten H. Quality management in intensive care: A practical guide. Cambridge
University Press; 2016. DOI: https://doi.org/10.1017/CBO9781316218563
75. ANZICS. ANZICS, research and quality. Australian and New Zealand Intensive Care Society and The
College of Intensive Care Medicine; 2016. https://www.anzics.com.au/safety-quality-resources/.
76. DIVI. DIVI, Qualitätssicherung Intensivmedizin. Deutsche Interdisziplinaere Vereinigung Fuer
Intensiv-Und Notfallmedizin. October 6, 2017. https://www.divi.de/empfehlungen/qualitaetssicherungintensivmedizin/peer-review/qualitaetsindikatoren.
77. SCCM. SCCM | ICU REPORT. Society of Critical Care Medicine (SCCM). https://www.sccm.org/EducationCenter/ICU-Management/ICU-REPORT. [Accessed April 9, 2019].
78. Institute of Medicine (US) Committee on Quality of Health Care in America. Crossing the quality
chasm: A new health system for the 21st century. Washington, DC: National Academies Press (US);
2014.
79. SICS. Minimum standards and quality indicators for critical care in Scotland. Scottish Intensive
Care Society Quality Improvement Group; 2015. https://www.scottishintensivecare.org.uk/qualityimprovement/quality-indicators-SICSAG/.
80. National Academies of Sciences, Engineering, and Medicine, Health and Medicine Division, Board
on Health Care Services, Board on Global Health, and Committee on Improving the Quality of
Health Care Globally. Crossing the Global Quality Chasm: Improving Health Care Worldwide. National
Academies Press (US); 2018.
81. Jacob ST, Banura P, Baeten JM, et al. The impact of early monitored management on survival in
hospitalized adult Ugandan patients with severe sepsis: A prospective intervention study. Critical Care
Medicine. 2012; 40(7): 2050–58. DOI: https://doi.org/10.1097/CCM.0b013e31824e65d7
82. Noritomi DT, Ranzani OT, Monteiro MB, et al. Implementation of a multifaceted sepsis education
program in an emerging country setting: Clinical outcomes and cost-effectiveness in a long-term followup study. Intensive Care Medicine. 2014; 40(2): 182–91. DOI: https://doi.org/10.1007/s00134-013-3131-5

Losonczy et al.
Annals of Global Health
DOI: 10.5334/aogh.3377

17

83. Machado FR, Ferreira EM, Schippers P, et al. Implementation of sepsis bundles in public hospitals in
Brazil: A prospective study with heterogeneous results. Critical Care/the Society of Critical Care Medicine.
2017; 21(1): 268. DOI: https://doi.org/10.1186/s13054-017-1858-z
84. Papali A, West TE, Verceles AC, et al. Treatment outcomes after implementation of an adapted WHO
protocol for severe sepsis and septic shock in Haiti. Journal of Critical Care. 2017; 41(October): 222–28.
DOI: https://doi.org/10.1016/j.jcrc.2017.05.024
85. Riviello ED, Kiviri W, Twagirumugabe T, et al. Hospital incidence and outcomes of the acute respiratory
distress syndrome using the Kigali modification of the Berlin definition. American Journal of Respiratory
and Critical Care Medicine. 2016; 193(1): 52–59. DOI: https://doi.org/10.1164/rccm.201503-0584OC
86. Turner HC, Van Hao N, Yacoub S, et al. Achieving affordable critical care in low-income and
middle-income countries. BMJ Global Health. 2019; 4(3): e001675. DOI: https://doi.org/10.1136/bmjgh2019-001675
87. Cubro H, Somun-Kapetanovic R, Thiery G, Talmor D, Gajic O. Cost effectiveness of intensive care in a
low-resource setting: A prospective cohort of medical critically ill patients. World Journal of Critical Care
Medicine; 2016. DOI: https://doi.org/10.5492/wjccm.v5.i2.150
88. Sabin LL, Knapp AB, MacLeod WB, et al. Costs and cost-effectiveness of training traditional birth
attendants to reduce neonatal mortality in the Lufwanyama neonatal survival study (LUNESP). PloS One.
2012; 7(4): e35560. DOI: https://doi.org/10.1371/journal.pone.0035560
89. Kabene SM, Orchard C, Howard JM, Soriano MA, Leduc R. The importance of human resources
management in health care: A global context. Human Resources for Health; 2006. DOI: https://doi.
org/10.1186/1478-4491-4-20
90. Coyle RM, Harrison H-L. Emergency care capacity in Freetown, Sierra Leone: A service evaluation. BMC
Emergency Medicine; 2015. DOI: https://doi.org/10.1186/s12873-015-0027-4
91. Razzak JA, Kellermann AL. Emergency medical care in developing countries: Is it worthwhile? Bulletin of
the World Health Organization. 2002; 80(11): 900–905.
92. Amoateng-Adjepong Y. Caring for the critically ill in developing countries—Our collective challenge.
Critical Care Medicine. 2006; 34(4): 1288–89. DOI: https://doi.org/10.1097/01.CCM.0000208352.74208.75
93. Hammerstedt H, Maling S, Kasyaba R, et al. A pilot project to create access to acute care services
in Uganda. Annals of Emergency Medicine. 2014; 64(5): 461–68. DOI: https://doi.org/10.1016/j.
annemergmed.2014.01.035
94. Binagwaho A, Kyamanywa P, Farmer PE, et al. The human resources for health program in Rwanda—
New Partnership. The New England Journal of Medicine. 2013; 369(21): 2054–59. DOI: https://doi.
org/10.1056/NEJMsr1302176
95. Mosley C, Dewhurst C, Molloy S, Shaw BN. What is the impact of structured resuscitation training on
healthcare practitioners, their clients and the wider service? A BEME systematic review: BEME Guide No.
20. Medical Teacher; 2012. DOI: https://doi.org/10.3109/0142159X.2012.681222
96. Periyanayagam U, Dreifuss B, Hammerstedt H, et al. Acute care needs in a rural sub-Saharan African
emergency centre: A retrospective analysis. African Journal of Emergency Medicine; 2012. DOI: https://
doi.org/10.1016/j.afjem.2012.09.002
97. World Health Organization. WHO, piloting the WHO basic emergency care course in Uganda, United
Republic of Tanzania and Zambia. World Health Organization. April 8, 2016. https://www.who.int/
emergencycare/dispatches/pilot-bec-course/en/. Accessed Aug 15, 2020.
98. Husum H, Gilbert M, Wisborg T. Training pre-hospital trauma care in low-income countries:
The’village university’ experience. Medical Teacher. 2003; 25(2): 142–48. DOI: https://doi.
org/10.1080/0142159031000092526
99. Levine AC, Barry MA, Agrawal P, et al. Global health and emergency care: Overcoming clinical research
barriers. Academic Emergency Medicine: Official Journal of the Society for Academic Emergency Medicine.
2017; 24(4): 484–93. DOI: https://doi.org/10.1111/acem.13142
100. Makundi EA, Malebo HM, Mhame P. Role of traditional healers in the management of severe malaria
among children below five years of age: The case of Kilosa and Handeni Districts, Tanzania. Malaria;
2006. https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-5-58. DOI: https://doi.
org/10.1186/1475-2875-5-58
101. Kovacevic P, Dragic S, Kovacevic T, et al. Impact of weekly case-based tele-education on quality of care
in a limited resource medical intensive care unit. Critical Care/the Society of Critical Care Medicine. 2019;
23(1): 220. DOI: https://doi.org/10.1186/s13054-019-2494-6
102. Edgcombe H, Paton C, English M. Enhancing emergency care in low-income countries using mobile
technology-based training tools. Archives of Disease in Childhood. 2016; 101(12): 1149–52. DOI: https://
doi.org/10.1136/archdischild-2016-310875

Losonczy et al.
Annals of Global Health
DOI: 10.5334/aogh.3377

18

103. Tuyisenge L, Kyamanya P, Van Steirteghem S, Becker M, English M, Lissauer T. Knowledge and skills
retention following emergency triage, assessment and treatment plus admission course for final year
medical students in Rwanda: A longitudinal cohort study. Archives of Disease in Childhood. 2014; 99(11):
993–97. DOI: https://doi.org/10.1136/archdischild-2014-306078
104. Irimu G, Wamae A, Wasunna A, et al. Developing and introducing evidence-based clinical practice
guidelines for serious illness in Kenya. Archives of Disease in Childhood. 2008; 93(9): 799–804. DOI:
https://doi.org/10.1136/adc.2007.126508
105. Hsia R, Razzak J, Tsai AC, Hirshon JM. Placing emergency care on the global agenda. Annals of
Emergency Medicine. 2010; 56(2): 142–49. DOI: https://doi.org/10.1016/j.annemergmed.2010.01.013
106. Runyon MS, Sawe HR, Levine AC, et al. Clinical and translational research in global health and
emergency care: A research agenda. Academic Emergency Medicine: Official Journal of the Society for
Academic Emergency Medicine. 2013; 20(12): 1272–77. DOI: https://doi.org/10.1111/acem.12268
107. Reynolds TA, Bisanzo M, Dworkis D, et al. Research priorities for data collection and management
within global acute and emergency care systems. Academic Emergency Medicine: Official Journal of
the Society for Academic Emergency Medicine. 2013; 20(12): 1246–50. DOI: https://doi.org/10.1111/
acem.12261
108. Mowafi H, Dworkis D, Bisanzo M, et al. Making recording and analysis of chief complaint a priority for
global emergency care research in low-income countries. Academic Emergency Medicine: Official Journal
of the Society for Academic Emergency Medicine. 2013; 20(12): 1241–45. DOI: https://doi.org/10.1111/
acem.12262
109. Dünser MW, Festic E, Dondorp A, et al. Recommendations for sepsis management in resource-limited
settings. Intensive Care Medicine. 2012; 38(4): 557–74. DOI: https://doi.org/10.1007/s00134-012-2468-5
110. Dondorp AM, Dünser MW, Schultz MJ. 7 – Emergency and intensive care medicine in resource-poor
settings. In: Farrar J, Hotez PJ, Junghanss T, Kang G, Lalloo D, White NJ, eds. Manson’s Tropical Infectious
Diseases (Twenty-Third Edition), 49–59.e1. London: W.B. Saunders; 2014. DOI: https://doi.org/10.1016/
B978-0-7020-5101-2.00008-X
111. De La Perrelle L, Radisic G, Cations M. Costs and economic evaluations of quality improvement
collaboratives in healthcare: A systematic review. BMC Health Services Research; 2020. https://link.
springer.com/article/10.1186/s12913-020-4981-5. DOI: https://doi.org/10.1186/s12913-020-4981-5
112. World Health Assembly. WHO, health systems: Emergency-care systems; 2007. https://apps.who.int/
iris/handle/10665/22454. [Accessed Aug 18, 2020].
113. World Health Organization. World Health Organization, universal health coverage. World Health
Organization. April 6, 2018. https://www.who.int/healthsystems/universal_health_coverage/en/. Accessed
Aug 15, 2020.
114. Terry B, Bisanzo M, McNamara M, et al. Task shifting: Meeting the human resources needs for acute and
emergency care in Africa. African Journal of Emergency Medicine. 2012; 2(4): 182–87. DOI: https://doi.
org/10.1016/j.afjem.2012.06.005

Losonczy et al.
Annals of Global Health
DOI: 10.5334/aogh.3377

19

TO CITE THIS ARTICLE:
Losonczy LI, Papali A, Kivlehan
S, Hynes EJC, Calderon G, Laytin
A, Moll V, Al Hazmi A, Alsabri
M, Aryal D, Atua V, Becker
T, Benzoni N, Dippenaar E,
Duneant E, Girma B, George N,
Gupta P, Jaung M, Hollong B,
Kabongo D, Kruisselbrink RJ, Lee
D, Maldonado A, May J, OseiAmpofo M, Osman YO, Owoo C,
Rouhani SA, Sawe H, Schnorr D,
Shrestha GS, Sohoni A, Sultan M,
Tenner AG, Yusuf H, Adhikari NK,
Murthy S, Kissoon N, Marshall
J, Khoury A, Bellou A, Wallis
L, Reynolds T. White Paper on
Early Critical Care Services in
Low Resource Settings. Annals
of Global Health. 2021; 87(1):
105, 1–19. DOI: https://doi.
org/10.5334/aogh.3377
Published: 03 November 2021
COPYRIGHT:
© 2021 The Author(s). This is an
open-access article distributed
under the terms of the Creative
Commons Attribution 4.0
International License (CC-BY
4.0), which permits unrestricted
use, distribution, and
reproduction in any medium,
provided the original author
and source are credited. See
http://creativecommons.org/
licenses/by/4.0/.
Annals of Global Health is a peerreviewed open access journal
published by Ubiquity Press.

