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Abstract

Acute neurologic illnesses (ANI) contribute significantly to the global burden of disease and cause disproportion-

ate death and disability in low-income and middle-income countries (LMICs) where neurocritical care resources and
expertise are limited. Shifting epidemiologic trends in recent decades have increased the worldwide burden of non-
communicable diseases, including cerebrovascular disease and traumatic brain injury, which coexist in many LMICs
with a persistently high burden of central nervous system infections such as tuberculosis, neurocysticercosis, and HIV-
related opportunistic infections and complications. In the face of this heavy disease burden, many resource-limited
countries lack the infrastructure to provide adequate care for patients with ANI. Major gaps exist between wealthy
and poor countries in access to essential resources such as intensive care unit beds, neuroimaging, clinical labora-
tories, neurosurgical capacity, and medications for managing complex neurologic emergencies. Moreover, many
resource-limited countries face critical shortages in health care workers trained to manage neurologic emergencies,
with subspecialized neurocritical care expertise largely absent outside of high-income countries. Numerous opportu-
nities exist to overcome these challenges through capacity-building efforts that improve outcomes for patients with
ANl in resource-limited countries. These include research on needs and best practices for ANI management in LMICs,
developing systems for effective triage, education and training to expand the neurology workforce, and supporting
increased collaboration and data sharing among LMIC health care workers and systems. The success of these efforts
in curbing the disproportionate and rising impact of ANI'in LMICs will depend on the coordinated engagement of the
global neurocritical care community.
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Introduction

Acute neurologic illnesses (ANI) are key drivers of global

disability and death and disproportionately affect popu-

lations in low-income and middle-income countries
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(TBI), epilepsy, and neurological infections. Stroke is the

second leading cause of death worldwide and carries a
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countries (HICs) [2]. More than 80% of the global burden
of TBI occurs in LMICs [3]. Control of epilepsy is lim-
ited by access to antiseizure medications [4, 5], whereas
HIV-related and non-HIV-related central nervous system
(CNS) infections such as tuberculosis, malaria, and neu-
rocysticercosis remain highly prevalent [6-8].

Resource limitations in many LMIC health care settings
create significant challenges in providing adequate criti-
cal care to patients with ANIL. Critical care is a resource-
intensive enterprise requiring significant investment
in material and human resources. Critically ill patients
are often underserved in resource-limited countries,
which may lack the infrastructure to meet the needs of
patients requiring critical care [9]. More than 70 coun-
tries have fewer than five intensive care unit (ICU) beds
per 100,000 population [10], with shortages occurring
disproportionately in LMICs [11] (Fig. 1). Major gaps
also exist between wealthy and poor countries in effective
triage systems, specialized training, material resources,
and protocolized care required to provide life-saving
care to the sickest patients [12]. Diagnostic studies are
essential for the appropriate management of people with
ANTI; however, even if electroencephalography (EEG) and
computerized axial tomography (CT) are available, they
are usually inequitably concentrated in the private sector
and only in major cities, and therefore may be unafford-
able and/or inaccessible to the majority of the population
[13, 14]. There is a critical shortage of health care work-
ers trained to manage neurologic emergencies in LMICs,

where there is a median of 0.13 neurologists per 100,000
population compared with 4.75 in HICs [15]. Subspecial-
ized neurocritical care expertise is largely absent outside
of HICs [16-18], and differences in patient populations
and constrained health care delivery systems in LMICs
may limit the applicability of best practices established
for the care of ANI in high-resource settings to resource-
challenged environments.

Despite these challenges, promising opportunities
exist for improving outcomes of neurologic emergen-
cies in resource-limited countries. Broadly, these include
expanding research on needs and best practices for ANI
management in LMICs, developing systems for effective
triage, and broadening the neurology workforce through
training pathways that foster and retain local expertise
in LMICs. Indeed, the most promising capacity-building
interventions are likely to be driven by leading health care
workers from LMICs with sustained longitudinal com-
mitments to the communities they serve. To consolidate
gains made on these fronts, networks that foster collabo-
ration and dissemination of promising care innovations
will be essential for maximizing the benefits of this work.

Although much of the critical care delivered in HICs
serves older patients with complications of chronic dis-
ease, the majority of individuals with ANI in resource-
limited settings are young adults, many with excellent
potential for recovery [12]. Neurologic disorders are the
leading cause of disability-adjusted life-years among all
disease categories worldwide [1], and incur tremendous

[l Countries with <5 ICU beds
per 100,000 population
Countries with unavailable

data

Fig. 1 Global availability of ICU beds. Countries with fewer than five ICU beds per 100,000 population are shaded in red. Figure created using Map-
chart.net with data published in Ma & Vervoort, Journal of Critical Care, 2020 [10]. ICU, intensive care unit




social and economic costs within communities served by
vulnerable health systems. Expanding worldwide capac-
ity to provide effective and context-appropriate care for
patients with ANI in resource-limited settings is likely
to deliver benefits to individual patients and their com-
munities in terms of total life-years saved, reintegration
to society, and return to productive work. The burden of
ANT and its disproportionate morbidity and mortality in
LMICs highlight the unmet global need for neurocritical
care capacity building in resource-limited settings.

The Unmet Burden of Acute Neurologic lliness

in LMICs

The worldwide epidemiology of ANI has evolved in
recent decades, reflecting a global rise in noncommuni-
cable diseases attributable to aging populations, rising
living standards promoting greater exposure to cardio-
vascular risk factors, and advances in the treatment of
infectious diseases [19]. These shifts have given rise to a
“double burden” of disease in many LMICs [20] where a
rising burden of noncommunicable diseases coexist with
a persistently high burden of communicable diseases.
The precise global incidence of ANI is difficult to quan-
tify due to underdeveloped systems for epidemiologic
surveillance in LMICs for in-hospital and out-of-hospi-
tal deaths, which leads to widespread underreporting of
disease prevalence in resource-limited settings. Under-
diagnosis and misdiagnosis of ANI are also prevalent in
regions with limited access to diagnostic testing and few
specialist physicians, where care for ANI may be pro-
vided primarily by nonphysician health care workers.

The Global Burden of Disease study has provided the
most comprehensive review of available data to date on
worldwide neurologic disease epidemiology. Neurologic
diseases are the greatest driver of worldwide disability-
adjusted life-years, with stroke accounting for nearly half
of this disease burden [1]. Stroke is the leading cause of
disability and the second leading cause of death world-
wide [2]. More than half (58%) of strokes, and 67% of
stroke-related deaths occur in LMICs annually, with the
risk of death per incident stroke being 50% higher in
LMICs compared with HICs [2]. These differences in out-
comes likely reflect gaps in prehospital care, acute stroke
interventions such as thrombolysis and endovascular
thrombectomy, and neurosurgical interventions such as
decompressive hemicraniectomy [21]. Survivors of stroke
experience a significantly greater burden of long-term
disability in LMICs, where access to longitudinal stroke
rehabilitation may be absent or significantly constrained
[22].

In recent decades, there has also been a steep rise in
the burden of TBI in LMICs. Increasing access to motor
vehicles in many LMICs has outpaced the development

of driving and vehicle regulations, with numerous coun-
tries worldwide lacking laws for speeding, seatbelts, child
restraints, drunk driving, and vehicle safety standards
[23]. Road traffic collisions are the leading cause of death
worldwide among individuals 15-29 years of age and
account for 1.3 million deaths per year [23]. Fall-related
trauma remains a key driver of TBI worldwide, with the
overwhelming majority of incident cases occurring in
patients above age 70 [3]. As the global population ages,
the incidence of fall-related TBI will continue to increase,
especially in LMICs where gains in life expectancy have
been substantial in recent decades. Beyond road traf-
fic-related and fall-related trauma, a complex array of
sociocultural factors contribute to the epidemiology and
natural history of TBI in LMICs, including concentration
of limited health care resources in urban centers, under-
developed infrastructure for prehospital care including
emergency response, transport, and communications,
and racial and wealth inequities in access to care [24, 25].
In addition to considerable heterogeneity in outcomes
by location, genetic factors may also explain some of the
worldwide variance in TBI outcomes, but this remains a
subject of active investigation [26].

Large population-based studies have estimated an
annual global incidence of TBI ranging from 27 to 69
million [3, 27], with disproportionately greater incidence
and related mortality in LMICs [24, 28, 29]. Importantly,
however, existing data likely provide an underestimate
of the true global burden of TBI due to underdeveloped
epidemiologic monitoring systems throughout much
of the world, resulting in the under-allocation of health
care resources. A notable study that recruited all health
workers from an urban center in New Zealand to report
all incident TBI cases found a significantly greater disease
burden than previous reports from other HICs [30]. The
methodological rigor of the New Zealand study suggests
that prevailing population estimates of TBI incidence suf-
fer from underreporting, even in high-resource settings.

The global burden of epilepsy is concentrated dispro-
portionately in LMICs, where exposure to underlying
risk factors such as endemic pediatric and adult CNS
infections, TBI, and birth injury is high and where access
to antiseizure medications and longitudinal epilepsy care
is limited [31]. The vast majority of prevalent epilepsy
cases and related deaths and disability occur in LMICs
compared with HICs [32]. Limited access to neuroimag-
ing and EEG in most LMICs precludes early diagnosis of
the cause of seizure disorders, and the range of available
medications to treat these disorders is highly limited,
often to phenytoin, phenobarbital, and sodium valproate.
Continuous EEG monitoring is largely unavailable in
resource-limited settings, limiting the capacity to detect
and manage nonconvulsive status epilepticus. A recent



study of inpatients with altered mental status undergo-
ing routine EEG in a tertiary hospital in Zambia found
that nearly 9% of patients who underwent EEG monitor-
ing met electrographic criteria for nonconvulsive status
epilepticus, with nearly 20% of patients demonstrating
interictal epileptiform discharges [33]. Reductions in case
fatality rates associated with epilepsy in recent decades
have predominantly benefited wealthy nations, whereas
significant gaps in access to preventive care and treat-
ment persist in LMICs worldwide [32].

CNS infectious diseases have long been a global driver
of ANI and neurologic mortality. Although advances in
antimicrobial and vaccine availability have helped to curb
the burden of meningitis and encephalitis in recent dec-
ades, these conditions continue to cause significant death
and disability in sub-Saharan Africa [34]. Diagnostic
resource limitations commonly result in failure to diag-
nose life-threatening CNS pathogens, leading to delays
in initiation of appropriate antimicrobial therapy. Gaps
in access to antiviral medications result in high rates of
untreated encephalitis. Limited capacity for comprehen-
sive supportive care, such as advanced airway manage-
ment, control of intracranial hypertension, and detection
and treatment of nonconvulsive status epilepticus, fur-
ther contributes to the excess morbidity and mortality
due to neurologic infections in LMICs. And although
tremendous progress has been made in the global fight
against HIV/AIDS, many nations continue to struggle
with high rates of HIV infection, which, when poorly
controlled, predisposes to an array of CNS opportun-
istic infections, immune reconstitution inflammatory
syndromes, cerebrovascular disease, and neuromuscular
syndromes, all of which can be acutely life threatening.

Beyond primary neurologic causes of ANI, life-threat-
ening systemic complications including sepsis, shock,
respiratory failure, and systemic thromboembolism com-
monly arise in the management of inpatient neurologic
illness due to impaired airway protection and prolonged
immobility. Patients with severe neurologic injury fre-
quently require prolonged intubation for airway pro-
tection, which may be particularly challenging in many
LMIC settings where resources for tracheostomy place-
ment and prolonged ventilatory support outside of an
ICU setting are limited. Moreover, prolonged intubation
for airway protection may present resource utilization
challenges in settings with limited ICU beds, leading to
low rates of intubation for comatose patients with severe
brain injury [35].

Key drivers of mortality for patients with acute brain
injury likely differ between well-resourced and resource-
limited settings. Limitations in prehospital care in LMICs
result in delayed presentation to care and more severe
neurologic injury at the time of presentation [24, 27].

In the inpatient setting, limited access to basic critical
care resources and neurologic expertise mean that most
neurologic emergencies are managed on low-acuity
wards by staff who have received limited focused train-
ing in care for ANI [17, 36, 37]. A recent survey of phy-
sicians from sub-Saharan Africa revealed that, although
nearly all reported caring for patients with ANI, only
58% had cared for those patients in an ICU [38]. Only
20% of countries worldwide have specialized inpatient
neurology wards [15]. CT scanners are severely limited
in LMICs, with only 1.3 scanners per 1 million popula-
tion compared with 21.2 in HICs [14, 39]. For patients
who survive to hospital discharge, access to inpatient and
outpatient rehabilitation services is severely limited in
LMICs compared with HICs [22], and optimal strategies
for providing effective rehabilitative services in resource-
limited settings remain uncertain [40, 41]. A summary
of key challenges for global neurocritical care delivery
and opportunities for health system strengthening in
resource-limited settings is provided in Table 1.

Expanding Research for ANI in LMICs

Limited Applicability of Literature from HICs in LMICs
Recognizing that material resource limitations in most
LMICs preclude the wholesale adoption of standard
neurocritical care practices as currently implemented in
HICs, data gathering is essential for generating “the right
solutions for the right setting” [42]. The particular chal-
lenges in caring for patients with ANI may vary consider-
ably among countries and health care settings as a result
of local epidemiology, affordability of care, health system
financing, and resource availability. Furthermore, because
practice in resource-limited settings is rarely informed
by local clinical trials, it is often necessary to extrapolate
from HIC-derived literature whose applicability may be
severely limited in LMICs. Comprehensive acute stroke
guidelines from North America and Europe, for example,
have limited use in settings without ready access to a CT
scanner [21]. Even when feasible to implement, inter-
ventions with proven benefits in HIC settings may be
unhelpful or even harmful in resource-limited settings,
in which context-specific drivers of mortality, including
routine clinical monitoring, underlying pathology, genet-
ics, and stage of illness at the time of presentation to care,
may differ from those encountered in high-income set-
tings. For example, fluid resuscitation for septic shock, an
established cornerstone of sepsis care in HICs, has been
shown to increase mortality in a randomized sample of
adults with sepsis in Zambia [43].

For patients with acute brain injury, invasive intracra-
nial pressure (ICP) monitoring has become a core tool in
neurocritical care management. ICP monitoring is rec-
ommended as the standard of care by the Brain Trauma



Table 1 Summary of the challenges to providing neurocritical care in resource-limited settings and opportunities

for advancing global neurocritical care capacity

Challenges Opportunities

+"Double burden" of noncommunicable and infectious diseases in many
LMICs

-Limited availability of health care workers with neurocritical care exper-
tise

-Limited availability of essential material resources (ICU beds, ventilators,
CT scanners, MRI scanners, EEG, laboratory medicine, neurosurgical
capacity, essential medicines)

-Scarcity of data on epidemiology of ANI and clinical outcomes

-Limited applicability of treatment protocols from HICs to resource-limited
settings

-Lack of triaging protocols for patients with ANl in resource-limited set-
tings

-Limited opportunities for education and training in neurocritical care in
LMICs

«Increasing data collection on ANI epidemiology and clinical outcomes in

LMICs to guide context-appropriate innovations in care

-Developing systems for triage that optimize use of available resources and

align with local ethical and legal priorities

Expanding educational partnerships between HICs and LMICs that foster

self-sustaining training pathways for growing local neurocritical care
expertise

-Strengthening national, regional, and international networks for data shar-

ing and care innovation in resource-limited settings

ANI Acute neurologic illnesses, CT Computerized tomography, EEG Electroencephalography, HIC, High-income country, ICU Intensive care unit, LMICs Low-income and

middle-income countries, MRI Magnetic resonance imaging

Foundation for all patients with TBI presenting with
abnormal head CT and a Glasgow Coma Scale score of
3-8 [44]. However, results from resource-limited settings
have failed to reveal a benefit for ICP monitoring. The
Benchmark Evidence from South America: Treatment
of Intracranial Pressure study, a notable multicenter ran-
domized trial of 324 patients with severe TBI in Bolivia
and Ecuador, revealed no benefit of invasive ICP moni-
toring over a protocol of serial clinical examinations
and CT scans on survival or functional outcomes [45].
A recent prospective cohort study of 2395 patients with
acute brain injury in 42 countries revealed an association
between ICP monitoring and survival only in HICs, with
no benefit in LMICs [46].

The reasons for this discrepancy are likely multifacto-
rial. First, much of the benefit derived from neurocriti-
cal care is conferred through the prevention of secondary
brain injury after an acute neurologic insult. Substantial
improvements in patient outcomes can be achieved with
basic quality assurance measures, such as regular vital
sign monitoring, prompt treatment of fevers and hypox-
emia, and prevention of complications such as aspira-
tion pneumonia and acute symptomatic seizures. It is
likely that, for advanced modalities such as invasive neu-
romonitoring to be beneficial in LMIC settings, an array
of more fundamental resource needs must first be met,
such as ready access to acute neuroimaging, mechanical
ventilation, EEG monitoring, nursing staft with specific
neurocritical care training, and anticonvulsants, to name
a few. Recently published protocols informed by evidence
from LMICs and expert opinion provide promising guid-
ance for the management of TBI in resource-limited set-
tings without invasive monitoring [24, 29]. The CREVICE
protocol, derived from the methods of the Benchmark
Evidence from South America: Treatment of Intracranial

Pressure study, provides an evidence-based system for
low-cost noninvasive neuromonitoring for LMIC settings
with ready access to a CT scanner and capacity for close
bedside monitoring of the neurologic examination [47].

In resource-limited settings, attempts to replicate best
practices for prehospital, inpatient, and postdischarge
care as developed in HICs are likely to encounter pro-
hibitive challenges in the near term and may not result
in improved outcomes even if successfully implemented.
For example, after the implementation of a standard-
ized protocol for critical care management of tetanus
in Tanzania, reduced mortality from airway obstruc-
tion and respiratory failure was negated by an increase
in deaths from sepsis, at the cost of significantly higher
clinical resource utilization [48]. Thus, capacity-building
efforts must recognize the challenges introduced by so-
called best practices in resource-limited settings, where
the complexity of local epidemiology and resource avail-
ability may often render standard practice patterns from
HICs inapplicable and counterproductive. The great-
est progress, therefore, is likely to arise from longitu-
dinal efforts led by health care workers from LMICs to
develop systems of care informed by local knowledge and
expertise.

The Need for Context-Specific Research and Global Data
Sharing

Abundant opportunities exist to expand the study of ANI
in LMICs. These include needs assessments that define
the local epidemiology of ANI and gaps in care and out-
comes research that assesses the feasibility and impact
of clinical interventions. There are currently 137 coun-
tries designated by the World Bank as a LMIC [49], and
considerable heterogeneity in ANI burden and resource
availability exists among these nations. Access to acute



neurological care varies widely by region of the world
[50], and within individual LMICs, health care resources
are typically concentrated major urban centers, further
complicating care delivery for patients with acutely life-
threatening neurologic emergencies in rural areas [51,
52]. To facilitate progress in a particular LMIC setting, a
critical initial step is the establishment of hospital-based,
national, and regional registries that capture key clini-
cal data from patients with acute brain injury. Registry
data serve to define the burden of ANI within a particu-
lar health system and can highlight drivers of mortality
and common hospital-acquired complications in order
to guide effective interventions [53]. It can further aid
in prospectively monitoring the implementation of care
protocols for patients with ANI and assessing their clini-
cal impact. Such data-driven assessments can strengthen
efforts to reorganize care around locally established best
practices and may be applicable across an array of anal-
ogous LMIC contexts beyond the local institution. At
the administrative level, inpatient registries can support
clinicians in leadership positions as they engage stake-
holders in hospital administration and national health
ministries to advocate for resources that serve proven
interventions for management of ANI in resource-lim-
ited settings. Hospital-based registries of inpatient neu-
rologic disease have previously been shown to be feasible
in resource-limited settings [54]. A critical component in
these efforts is a local champion with interest in neuro-
logic care who can initiate and oversee a hospital registry
that compiles bedside clinical data for patients with ANIL.

Beyond the local level, strengthening global networks
for research and data sharing is likely to broaden the
reach of individual investigators and accelerate the inno-
vation of care worldwide [55]. The recently published
Point Prevalence in Neurocritical Care study revealed
significant international heterogeneity in resources, epi-
demiology, practice patterns, and clinical outcomes for
patients in need of neurocritical care and serves as a
promising model for international collaborations in neu-
rocritical care research [56, 57]. The Point Prevalence
in Neurocritical Care study, however, had limited par-
ticipation from resource-limited regions, most notably
sub-Saharan Africa, highlighting the need to establish
networks that bring together practitioners from a broader
array of LMICs. Indeed, the overwhelming majority of
clinical research pertinent to the management of ANI is
generated in HICs [58], with significantly lower represen-
tation in the literature from those regions with the great-
est burden of ANI [59]. Supporting the development of
systems for data collection and publication in LMICs,
championed by LMIC investigators, is likely to have the
greatest and most sustainable impact in advancing appli-
cable and context-specific clinical practice guidelines for

patients with ANI in LMICs. Moreover, networks that
investigate and give voice to the needs of patients with
ANI in resource-limited settings may play an important
role in securing funding for high-value resources that
expand neurocritical care capacity over the longer term
and provide data to guide resource allocation and imple-
mentation of care innovations to settings where they may
have the greatest impact and where those resources have
been identified as a priority need by local health care pro-
viders. Furthermore, additional resources and capacity
building are needed to ensure rigorous postimplemen-
tation program evaluation systems are in place that can
evaluate the impact of new resources and programs and
assess the net benefits of these programs. Robust evalu-
ation and monitoring programs are essential, as prior
work has repeatedly shown that programs that work in
one setting do not always have the same beneficial impact
in other diverse settings.

For example, in 2018, the Ibero-American Stroke
Organization, the World Stroke Organization, and the
American Heart Association/American Stroke Associa-
tion organized the first Latin American Stroke Ministe-
rial meeting in Gramado, Brazil. Stroke and public health
experts from 13 Latin American countries convened
to establish priorities for improving the prevention and
management of stroke in Latin America [60]. A 2-year
follow-up survey of attendees from the Gramado con-
ference indicated significant increases in public stroke
awareness, uptake of strategies for primary stroke pre-
vention, and the number of stroke centers in Latin Amer-
ica [61]. These findings underscore the tangible benefits
that can be derived from organizing local expertise and
maximizing its potential through collaborative net-
works and data sharing to improve the care of patients
with ANIL A list of national and international organiza-
tions working toward improving care for patients with
ANI is provided in Table 2 (this list is not intended to be
comprehensive).

Developing Systems for Effective and Ethical Triage
In most LMICs, the volume of patients with ANI requir-
ing critical care vastly exceeds the supply of available
ICU resources. In addition, considerable global hetero-
geneity exists in the clinical and legal approach to death
by neurologic criteria and withdrawal of life-sustaining
care. Fewer than half of countries worldwide have estab-
lished protocols for death by neurologic criteria [62, 63]
(Fig. 2), and many have laws prohibiting the withdrawal
of mechanical ventilation before cardiac death. In these
settings, patients with irreversible neurologic injury
may require the prolonged use of limited critical care
resources with very limited prospects for a favorable
outcome.



Table 2 Regional organizations supporting collaboration and research in neurology and critical care around the world

lOrganization

African Stroke Organization (ASO)

African Network for Perioperative and Critical Care (N4PCC)
African Academy of Neurology

Stroke Investigative Research and Education Network (SIREN)

Latin American Brain Injury Consortium (LABIC)

Latin American Intensive Care Network (LIVEN)

Middle East and North African Stroke Organization (MENA Stroke)
Asian and Oceanian Association of Neurology (AOAN)

Association of Southeast Asian Nations Neurological Association
(ASNA)

Region

Sub-Saharan Africa
Sub-Saharan Africa
Sub-Saharan Africa
Sub-Saharan Africa

Latin America

Latin America

Middle East and North Africa
Asia and Oceania

Southeast Asia

Web site

http://twittercom/africanstroke
http://n4pcc.com/
http://www.afaneurology.org/

http://h3africa.org/index.php/consortium/stroke-
investigative-research-educational-netwo
rk-siren/

http://labic.org/
http://www.redliven.org/web/
http://menastroke.org
http://www.aocaneurology.org/
http://www.neurology-asia.org/asna.php

This list is not comprehensive

[l Countries lacking national
protocols for determination
of brain death

Countries with unavailable
data

Fig. 2 Global availability of national protocols for determination of brain death (also known as death by neurologic criteria). Countries lacking a
national protocol are shaded in red. Figure created using Mapchart.net with data published in Lewis et al., Neurology, 2020 [63]

Many hospitals lack formal triage systems responsive
to the acuity and potential reversibility of patients’ ill-
nesses [9]. Triaging systems developed in LMICs have
shown promise in improving outcomes in emergency
departments [64], obstetrical emergencies [65], and pedi-
atric emergencies [66], but no validated tools for triaging
neurologic emergencies in resource-limited settings have
been developed. Developing triage protocols for patients
with ANI in LMIC health care settings may serve to max-
imize the clinical benefit of available resources and to
support ethical and transparent resource allocation that

is governed by established protocols and context-specific
cultural values.

Evidence-based systems for identifying patients with
ANI with (1) A high risk of deterioration and (2) Good
potential for clinical reversibility with available resources
would help clinicians allocate limited resources more
efficiently to those with greatest likelihood of benefit.
Development of effective triaging systems for patients
with ANI will require context-specific assessments that
characterize the local epidemiology of ANI and avail-
able critical care and neurosurgical modalities and their


http://twitter.com/africanstroke
http://n4pcc.com/
http://www.afaneurology.org/
http://h3africa.org/index.php/consortium/stroke-investigative-research-educational-network-siren/
http://h3africa.org/index.php/consortium/stroke-investigative-research-educational-network-siren/
http://h3africa.org/index.php/consortium/stroke-investigative-research-educational-network-siren/
http://labic.org/
http://www.redliven.org/web/
http://menastroke.org
http://www.aoaneurology.org/
http://www.neurology-asia.org/asna.php

associated outcomes within individual health care set-
tings. Identifying patient populations likely to benefit—or
not to benefit—from locally available ICU resources can
increase the efficiency of triage and optimize the survival
benefit of the limited critical care capacity available to
patients with ANI in these settings.

The weighting of ethical priorities for ANI triage pro-
tocols is likely to vary worldwide as a function of culture,
resource availability, and clinical demand. In settings
where clinical demand far exceeds available critical care
resources, the principle of maximizing clinical benefit for
the patient population must be weighed against prevail-
ing attitudes toward individual autonomy and allocating
care on a first-come, first-served basis [67]. Institutional
protocols should be developed with input from phy-
sicians and local community leaders. They should be
implemented with transparency to best align with locally
relevant clinical, legal, and cultural factors while mini-
mizing moral distress for patients, families, and triaging
physicians.

Expanding the Neurocritical Care Workforce
Perhaps the most valuable intervention for transform-
ing management of ANI in LMICs is the establishment
of training pathways that expand and maintain the work-
force with expertise in caring for this patient population.
Many physicians in LMICs emigrate to HICs for sub-
specialty training and do not return to their home coun-
tries, causing a gap in local expertise that severely limits
the human resource capacities of underserved health
systems.

Numerous critical care short courses have been
deployed to resource-limited settings and have the advan-
tage of reaching a large number of health care workers
with targeted training in specific content areas [42, 68],
although resource limitations may limit their applicabil-
ity in LMIC contexts. The Emergency Neurological Life
Support (ENLS) course, developed in 2012 by the Neuro-
critical Care Society, provides an educational framework
for the acute management of neurologic emergencies,
and is typically delivered as a 1-day course centered
around disease-specific modules [69]. The feasibility and
impact of providing ENLS training in resource-limited
settings has been studied across multiple studies among
physicians from numerous LMICs [38, 70, 71]. The use
of a virtual format in sub-Saharan Africa may serve as a
useful model for expanding the accessibility of ENLS to
a wider audience and allow for training in areas with lim-
ited local expertise [38]. The consistent theme emerging
from these studies, however, is that ENLS training signifi-
cantly increases physicians’ knowledge of neurocritical
care content areas and self-reported confidence in man-
aging neurologic emergencies, but that there is a need to

adapt the course content to increase relevance for LMIC
settings where resource limitations continue to limit the
adoption of guidelines derived from data from HICs.
Whether ENLS training improves clinical outcomes in
resource-limited settings has not been evaluated.

Although short-focused training courses like ENLS
have the advantage of rapidly transmitting knowledge
to a large number of clinicians, long-term capacity-
building partnerships between institutions in HICs and
LMICs are likely to have the most transformative impact
on expanding the global neurocritical care workforce.
Training programs that foster neurocritical care exper-
tise within LMICs promise increased retention of skilled
practitioners within resource-limited health systems
and create a self-reinforcing and self-sustaining cycle of
training and education, in which locally trained physi-
cians contribute not only to the neurocritical care work-
force but also to the training of subsequent generations
of trainees. The establishment of a neurology training
program at the University Teaching Hospital in Lusaka,
Zambia in partnership with the Johns Hopkins University
School of Medicine has led to a quadrupling of the num-
ber of trained neurologists in that country in the past
4 years and has significantly expanded capacity in Zam-
bia’s national referral hospital, which sees a high volume
of stroke and other ANIs (Saylor and colleagues, personal
communication).

The partnership between the Muhimbili Orthopaedic
Institute in Dar es Salaam, Tanzania, and the Weill-Cor-
nell Global Neurotrauma Group has supported numer-
ous neurosurgical trainees from the North America
and Europe in a 1-year global neurotrauma fellowship
aimed at building capacity for clinical care, training, and
research in neurocritical care in Tanzania. This effort has
resulted in sequential increase in rates of mechanical ven-
tilation, CT scans, surgical intervention, and 20% mortal-
ity reduction over 7 years of capacity building (Mangat
and colleagues, personal communication). Bidirectional
longitudinal partnerships of this kind have the potential
to broaden the health care workforce through education
and training, to increase awareness of global health chal-
lenges and opportunities for engagement among HIC
health workers, and to allow innovations derived from
resource-limited settings to inform high-quality and cost-
effective care in HICs.

Conclusions

The global burden of ANI represents a major unmet
need for international health care. This burden falls dis-
proportionately on vulnerable health systems in LMICs,
where the availability of expertise and resources for the
management of complex neurologic emergencies is
often severely limited. Implementing systems of care,



clinical training, and research that improve outcomes
for in resource-limited environments is a vital, if chal-
lenging, public health goal. Progress in this area will
depend on sustained longitudinal efforts in LMICs to
build systems that account for local complexities in
epidemiology and resource availability, to improve care
and foster clinical research output. Acknowledging the
heterogeneity of ANI disease burden across LMIC con-
texts globally, we propose to avoid a “one-size fits all”
approach to the management of neurologic emergen-
cies in resource-limited settings, and instead call upon
the global neurocritical care community to scale up its
support of capacity-building efforts aimed at the large
and expanding worldwide burden of ANI.
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