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Abstract
Purpose of Review Most strokes occur in low- and middle-
income countries where resources to manage patients are lim-
ited. We explore the resources required to providing optimal
acute stroke care and review barriers to implementing
evidence-based stroke care in settings with limited resources
using the World Stroke Organization’s Global Stroke Services
Action Plan framework.
Recent Findings Major advances have been made during the
past few decades in stroke prevention, treatment, and rehabil-
itation. These advances have been translated into practice in
many high-income countries, but their uptake remains subop-
timal in low- and middle-income countries.
Summary The review highlights the resources required to pro-
viding optimal acute stroke care in settings with limited re-
sources. These resource levels were divided into minimal,
essential, and advanced resources depending on the availabil-
ity of stroke expertise, diagnostics, and facilities. Resources

were described for the three stages of acute care: early diag-
nosis and management, acute management and prevention of
complications, and early discharge and rehabilitation. Barriers
to providing acute care at each of these stages in low- and
middle-income countries are reviewed, explaining that some
barriers persist in essential or advanced settings where some
aspects of organized stroke units are available.

Keywords Acute strokemanagement . Low- and
middle-income countries . Barriers . Evidence-based practice

Introduction

An estimated 17.9 million people died from cardiovascular
diseases (CVDs) in 2015; of these deaths, an estimated 6.3
million were due to stroke [1]. Age-standardized rates of
stroke mortality have decreased worldwide by 30% in the past
two decades [2••]. However, the absolute numbers of people
who have an incident or recurrent stroke every year or live
with the consequences of stroke are increasing, not only large-
ly because of population growth and aging but also because of
reductions in stroke case fatality rates [3].

Major advances have been made during the past few de-
cades in stroke prevention, treatment, and rehabilitation [4].
As a result, recommendations in clinical practice guidelines
have shifted from passively monitoring acute stroke patients
to earlier interventions that increase functional survival. These
interventions include thrombolysis therapy [5], early neuro-
surgery [6], admission to stroke units with an interdisciplinary
team of healthcare providers [7], planned discharge [8], and
early rehabilitation [9].

Research on the prevention and treatment of stroke has
focused primarily on the needs of high-income countries
(HICs), with implementation strategies applicable to those
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settings, rather than low- and middle-income countries
(LMICs), which are defined by theWorld Bank as those coun-
tries with an annual per capita gross national income of
US$3955 or less (worldbank.org). This discrepancy in acute
stroke care is demonstrated in higher case fatality rates seen
for acute stroke among LMIC in the Prospective Urban Rural
Epidemiology Study, which included 156,424 participants
from 17 countries [10]. This discrepancy is further reflected
in trends in age-adjusted stroke mortality and disability-
adjusted life year (DALY) rates. Figure 1 presents estimates
from the 2015 Global Burden of Disease study comparing
HIC to LMIC. In 2013, age-standardized mortality rates and
DALYs were twofold higher in LMIC compared to HIC.
Further, stroke mortality rates have almost halved since 1990
in HIC. On the other hand, LMIC have experienced only a
15% decrease in stroke mortality rates. Similar trends were
observed in DALYs [3].

In this paper, we review the stages of stroke care as de-
scribed the by the Global Stroke Services Action Plan, devel-
oped by the World Stroke Organization [11••]. For each stage
of care, we explore the resources required to providing opti-
mal acute stroke care and describe barriers to implementing
evidence-based practices in LMIC.

The Global Stroke Action Plan defines the dimensions of
stroke management, including (1) recognition and early diag-
nosis, (2) acute care and prevention of complications, (3) re-
habilitation, (4) prevention of recurrent stroke, (5) community
reintegration, and (6) long-term recovery. Here, we condense
these into three broad stages of acute stroke management: (1)
recognition and early diagnosis, (2) acute management and
prevention of complications, and (3) early discharge planning,
which covers rehabilitation, prevention of recurrent strokes,
community reintegration, and recovery.

What Is the Evidence and What Resources Are
Required for Stroke Care?

Important evidence-based improvements have been made in
the delivery of acute stroke services. For example, stroke units

and their components are key to effective in-hospital stroke
management and optimal outcomes. Stroke units include di-
agnostic and treatment facilities that have the ability to pro-
vide acute management, monitoring of physiological abnor-
malities, prevention and treatment of complications, and early
discharge planning [12]. Stroke units are typically geograph-
ically defined locations within the hospital and have a multi-
disciplinary team that provides stroke care to patients admitted
to the unit [13].

A 2013 Cochrane review of 21 trials, involving 3994 partic-
ipants, compared stroke unit care with care provided in general
wards. Stroke unit care showed a lower odds of 1-year mortality
(18% in stroke units versus 23% in general wards; odds ratio
(OR) 0.81, 95% confidence Interval (CI) 0.69 to 0.94) at a me-
dian of 1 year of follow-up. Reductions in the odds of death or
institutionalized care (35% in stroke units versus 40% in general
wards; OR 0.78, 95% CI 0.68 to 0.89) and death or dependency
(56% in stroke units versus 62% in general wards; OR 0.79, 95%
CI 0.68 to 0.90) were also observed. These improvements were
not accompanied by longer hospital stay [7]. Translation of these
trials into clinical practice shows that implementation of stroke
units is feasible with sustained benefits [14] and with evidence of
cost effectiveness [15, 16].

However, organized stroke units require resources for
implementation and maintenance. Therefore, implemen-
tation of these evidence-based practices and the
resulting improvements in patient survival and indepen-
dence have been largely restricted to HIC with limited
data assessing effectiveness and describing implementa-
tion strategies in LMIC. More recently, investigators
have explored the effectiveness of organized stroke units
in LMIC. A 2012 systematic review identified eight
studies that compared case-fatality rates of patients with
stroke admitted to a stroke unit with rates in general
wards in LMIC. These results indicate that even outside
of HIC settings, stroke units can improve survival after
stroke [12]. For example, in South Africa (one facility;
n = 195 participants), inpatient mortality rates were re-
duced from 33 to 16% after implementing a stroke unit
(OR = 0.35 (95% CI 0.18–0.69) [17].
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Global Stroke Services Action Plan

The World Stroke Organization produced the Global Stroke
Services Action Plan to create and promote a strategy for
global uptake of evidence-based stroke care [18]. The action
plan provides a roadmap to guide local, regional, and national
healthcare officials in establishing stroke systems of care and
in implementing evidence-based guidelines that are applied
across the continuum of stroke care. The action plan recog-
nizes that there are large resource variations across LMIC,
including human resources, healthcare facilities, diagnostic
and laboratory services, medications, and access to transpor-
tation. The limited availability of these resources influences
the extent to which evidence-based stroke care can be
provided.

The action plan includes a list of services and resources that
are required for optimal stroke care for each of the stages of
care. These services and resources are divided into three levels
depending on resource availability [18]. At the minimal level
of resource availability, stroke care delivery is based at a local
clinic staffed predominantly by non-physicians. Care in these
settings is focused on bedside clinical skills and prevention of
complications with limited access to laboratory tests and di-
agnostic studies. At the essential level of resource availability,
care is provided by physicians, although stroke expertise may
be difficult to access. Access to a computed tomography im-
aging and the potential for acute thrombolytic therapy exist in
these settings. At the advanced level, multidisciplinary stroke
expertise, multimodal imaging, and comprehensive therapies
are available.

Stages of Stroke Care, Resource Requirements,
and Barriers to Implementation

Stroke care is complex and requires the availability of re-
sources including diagnostic services and trained healthcare
providers with stroke expertise. Understanding barriers and
enablers to the implementation of these services is an impor-
tant step to implementing evidence-based practices [19]. A
2017 systematic review examined provider-reported barriers
and enablers to adopting evidence-based practice guidelines
for acute stroke care. Three qualitative and seven quantitative
studies were included, none of which was conducted in
LMIC. Table 1 presents the domains of barriers and enablers
that were identified as well as the frequency of each. The table
also provides examples and explanations of each domain as
discussed by the authors of the review [20•].

In the next section, we start by reviewing the resource
requirements for each of the three stages of acute stroke care
modified from the action plan [18]. The resources are
discussed for settings with minimal healthcare service avail-
ability, essential, and advanced services. We then follow with

a review of barriers to implementing these services in LMIC.
The barriers reported herein are largely based on observational
studies that report on practices of acute stroke care in LMIC
and one qualitative study from Ghana [21•] based on our
review of the literature (Fig. 2). Studies that focus on barriers
often refer to enablers as the opposite of barriers, and we have
adopted a similar framework in this review [20•].

Global Stroke Services Action Plan’s Stages of Stroke
Care

Early Diagnosis and Management

Resource Requirements Early stroke diagnosis and manage-
ment occur within the first hours following a stroke with the
goal of diagnosing the type of stroke (ischemic or hemorrhag-
ic) and initiating time-sensitive treatments to minimize the
impact of stroke and prevent further tissue injury.

In settings with minimal healthcare services, early diagno-
sis and management could take place in a community clinic.
These clinics have limited access to physicians, and non-
physician healthcare workers provide the most care. These
providers are usually able to conduct standard clinical history
and examination. Diagnostic imaging services are not avail-
able; however, providers are also able to conduct basic neuro-
logical assessments, if trained. Providers at these settings
could also be trained for basic screening of swallow function
to evaluate for dysphagia prior to offering any oral medica-
tions, food, or drink, thereby reducing the risk of aspiration
pneumonia.

Essential stroke services are able to provide early diagnosis
and management at a hospital setting, equipped with at least
some emergency medical services, including a trained ambu-
lance crew to identify stroke and transport patients to a hospi-
tal setting. Electrocardiography (ECG), computed tomogra-
phy (CT) scanning, carotid Doppler ultrasound, and echocar-
diography are available in hospitals with essential stroke ser-
vices. Intracerebral hemorrhage can be promptly recognized
and treated by providers with experience in stoke manage-
ment. Acute thrombolysis with intravenous tissue plasmino-
gen activator (tPA) should also be available for ischemic
stroke patients in these settings. At a minimum, antiplatelet
therapy should be available and provided immediately after
imaging has excluded intracerebral hemorrhage. Physicians
and nurses with some stroke expertise are available in these
settings, although trained stroke specialists may not be
available.

Advanced stroke services are equipped with advanced di-
agnostic services, including magnetic resonance imaging
(MRI), capability to do magnetic resonance angiography
(MRA), CT perfusion imaging, and prolonged ECG monitor-
ing devices, in addition to those listed under essential stroke
services. An interdisciplinary team of physicians, nurses, and
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rehabilitation specialists with stroke expertise is also available.
Early interventions, in addition to acute thrombolysis with
intravenous tPA, include endovascular thrombectomy, cere-
bral aneurysm treatment, hemicraniectomy, and products to
reverse coagulopathy in the setting of hemorrhagic stroke.

Barriers to Implementation Early access to the appropriate
healthcare facility is crucial to receiving optimal early stroke
diagnosis and management. However, delays in arrival repre-
sent a common barrier in LMIC. Among other reasons, delays

in arrival occur due to lack of awareness of symptoms by
patients, family members, and bystanders. For example, in
Pakistan, only 29% of patients arrived to a hospital facility
within 3 hours of symptom onset, and 18% arrived after
24 h. Due to lack of understanding of stroke management,
63% of patients chose to first contact a general practitioner
rather than immediately attending a hospital [22]. In Turkey,
32% of stroke patients who presented late to the hospital did
not realize the urgency of seeking early medical care [23].
Delays in presentation also occur due to the lack of availability

Level 1. Early diagnosis and monitoring 2. Acute management 3. Discharge planning 

Minimal  • Standard clinical history and examination • Basic risk factor assessment and 
management (e.g. pulse for atrial 
fibrillation) 

• Ongoing neurological assessments 
• Swallow screening and management of 

dysphagia 

• Early assessment of discharge needs 
• Early rehabilitation planning 
• Secondary prevention 

Essential  •Neurological assessments 
•Electrocardiography, computed tomography 
scanning, carotid Doppler ultrasound, 
echocardiography 

•Acute thrombolysis  

•Admission to an organized stroke unit 
•Depression assessment and management 

•Referral to rehabilitation and lifestyle 
medication specialists 

Advanced  •Magnetic resonance imaging, computed tomography 
perfusion scans, prolonged electrocardiographic 
monitoring devices 

•Endovascular thrombectomy, neurosurgery, 
hemicraniectomy, products to reverse coagulopathy 

•Multidisciplinary team of stroke experts 
•Coordinated stroke care provided across 
geographically discrete regions 

• Referral to rehabilitation and lifestyle 
medication specialists 

sreirraB

• Delays in patient arrival  
• Lack or malfunction of diagnostics  
• Unavailability of standardized stroke 

protocols 
• Cost, especially for advanced care 

• Staff shortages and lack of stroke 
experts 

• Lack of medications 
• Shortages in bed capacity 
• Cost, especially for advanced care 

• Lack of research on effectiveness and 
applicability 

• Insufficient training in rehabilitation 
and primary care for secondary 
prevention 

• Cost, especially for advanced care 

Fig. 2 Services required for optimal acute stroke care at each stage of care and different levels of resource availability [18]

Table 1 Provider-reported
barriers and enablers from a
review of 10 studies conducted in
high-income countries

Domain of barriers and enablers Frequency, n
(%)

Examples

Capacity for organizational
change

57 (37%) Inadequate funding opportunities for staff
professional
development

Individual health professionals 39 (25%) Lack of skills, self-efficacy, and motivation to
implement evidence-based therapies

Incentives and resources 17 (11%) Limited physical space to establish stroke units,
CT scan financial resources, and limited time
and stroke beds

Guideline factors 16 (10%) One third (33%) of neurologists disapproved
of thrombolytic therapy use.

Patient factors 15 (10%) Nearly all (91%) indicated patients’ late arrival
for acute care led to worse outcomes.

Professional interactions 10 (6%) One out every seven (14%) respondents cited
poor communication between emergency
department staff and the neurology team,
which affected the use of thrombolytic therapy.

Source: [20•]
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or affordability of ambulatory services in remote areas [21•].
Lack of availability of essential diagnostic equipment can

also delay or prevent interventions at the early stages of stroke.
For example, healthcare providers in Ghana reported the lack
of availability of blood pressure-monitoring devices, teleme-
try monitors, suction devices (e.g., Yankauer), and adjustable
hospital beds [21•]. However, hospitals that have these types
of equipment may also report delays in receiving services due
to bottlenecks in care. In Burkina Faso, for example, patients
wait an average of 21 h (ranging from 30 min to 9 days) to
receive a CT scan despite availability at the hospital [24].
Healthcare providers in Ghana report that diagnostic services,
including CT scanners, are not always functional when need-
ed. When a CT scanner is available and functional, some pa-
tients experience difficulty paying for acquisition and inter-
pretation costs, as well as costs of other more basic diagnostic
tests, such as laboratory tests that are not covered by insur-
ance, which is uncommon for many [21•].

Lack of standardized protocols to manage acute stroke was
commonly reported by nurses as a barrier that delayed emer-
gency care in Ghana. This was especially problematic when
an acute stroke patient arrives to the hospitals in the absence of
a specialist [21•].

Acute thrombolysis with intravenous tPA is rarely per-
formed in many LMIC due to infrastructure-, socio-cultural-,
and economic-related barriers [25]. Administration of acute
thrombolysis requires a well-organized stroke system that
can promptly diagnose stroke and closely monitor patients
for complications and neurological complications. Very few
countries are able to provide these services, especially at pub-
lic hospitals. For example, in Brazil, only 1% of patients ad-
mitted with an ischemic stroke received thrombolysis [26].
This is compared to 3–5% who received thrombolytic therapy
in the USA in 2009 [27]. Data on barriers to receiving intra-
venous tPA in LMIC are limited. In an analysis of 100 con-
secutive acute ischemic stroke patients in India, only four
(4%) received intravenous tPA. Reasons for not receiving
treatment primarily included delays in hospital arrival (73%)
and lack of affordability of the treatment (56%). Very few
patients (2%) were aware of thrombolysis treatment, which
may have been another reason for not delayed arrival [28].

Acute Management and Prevention of Complications

Resource Requirements Acute management and monitoring
usually take place after an acute stroke is diagnosed and once
the patient is admitted into the hospital. Care goals shift to
monitoring for neurologic deterioration, management of phys-
iological abnormalities and risk factors, and prevention and
treatment of complications.

In settings with minimal healthcare services that do not
have access to hospitals or physicians with stroke expertise,
acute management is provided by non-specialized physicians

and non-physician healthcare workers. Diagnostic services are
minimally available in these settings; however, providers
could be trained to assess and diagnose basic stroke risk fac-
tors and complications. For example, swallow function should
be routinely assessed to prevent aspiration pneumonia. Pulse
assessment could identify atrial fibrillation. Blood pressure
and blood glucose can be measured and managed. Fever, in-
fections, and pressure ulcers could also be monitored and
managed with limited diagnostic services and without stroke
expertise. Providers should also continue to perform neuro-
logical assessments to identify changes indicative of
deterioration.

In an essential stroke service setting, basic diagnostic ser-
vices are available, and therefore, providers can continue to
use these tools to further confirm diagnoses (e.g., repeat CT
scan). Healthcare providers are more likely to be specialized
and have some experience in delivering stroke-related care.
Protocols to guide acute stroke care that are based on clinical
practice guidelines can be implemented in these settings. In
some settings, a stroke unit may be available, and an interdis-
ciplinary team may attend to stroke patients admitted into
these units. This team includes physicians and nurses special-
ized in neurology (though not sub-specialized in stroke neu-
rology), cardiology, internal medicine, geriatrics, emergency
medicine, intensive care, and general rehabilitation providers.
These providers can access diagnostic services to assess com-
plications such as acute myocardial infarction, aspiration
pneumonia, or deep-vein thrombosis and to manage patients
accordingly. Stroke treatment-related experience may be more
widely and consistently available, and members of an inter-
disciplinary team can better manage these complications. For
example, patients with reported swallowing deficits can be
referred to a rehabilitation provider or to dieticians for more
detailed assessments and management. Depression is also
assessed using validated tools and can be managed by
healthcare providers with necessary training and experience
to help these patients.

Advanced stroke services are able to provide more expert
diagnostic and tailored treatment services. The combination of
these resources and access to a multidisciplinary team of
stroke experts allow for more advanced interventions such
as revascularization and neurosurgery. Acute management
takes place in an organized stroke unit within a geographically
defined location. Care is coordinated and includes different
stroke pathways that define movement of stroke patients to
higher and lower levels of services as required in the hospital.
The multidisciplinary team comprising advanced neurological
(including stroke neurologists), medical, nursing, physiother-
apy, occupational therapy, speech therapy, and social work
staff is an essential feature of stroke unit care. They coordinate
their work through regular, pre-planned meetings. These
meetings introduce the patients to the team and provide a
forum for multidisciplinary assessment, identification of
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problems, and setting of short-term and long-term recovery
goals. Advanced stroke services usually follow standardized
protocols to care for stroke patients, as well as to assess, pre-
vent, and treat complications.

Barriers to Implementation An adequate number of pro-
viders with staff expertise are important for the acute manage-
ment of stroke patients and for the prevention of in-hospital
complications. In Ghana, shortages in nurses made it difficult
to perform basic care including regular checking of blood
pressure levels, blood glucose levels, regular turning of pa-
tients to prevent pressure sores, and management of urinary
incontinence to minimize risk of urinary tract infections [21•].

Prevention and management of comorbidities and com-
plications require basic medications such as blood pres-
sure-lowering, lipid-lowering, and diabetes medications.
These medications are included in the essential medicine
list developed by the World Health Organization and
should be available in LMIC. However, they are not op-
timally used. For example, in a study of 12 hospitals that
admitted 1754 stroke patients in Brazil, in-hospital blood
pressure-lowering medications were administered to 82%
of patients and statins to 47% of patients, suggesting that
the use of these medications is not optimal [26].

In-hospital complications after stroke remain a prob-
lem in LMIC and are a major cause of death following
a stroke [29]. Few studies have reported rates of in-
hospital stroke complications in LMIC, although avail-
able estimates seem to be high. In Brazil, for example,
aspiration pneumonia was reported in 18% of admitted
stroke patients, and in Nigeria, 54% of patients devel-
oped aspiration pneumonia [30]. These data contrast
with the markedly lower 7% rate of stroke-related pneu-
monia in Canada among a cohort of 8251 patients [31].

Reasons for the higher rates of these complications in
LMIC have not been investigated. Studies comparing
stroke unit to general ward admissions show fewer com-
plications in the former group. In Oman, aspiration pneu-
monia was reported among 10% of patients admitted to
the general ward compared to 6% of patients admitted to
the stroke unit (p value = 0.02), although pulmonary em-
bolism events were similar in the two groups (0.6% in the
general ward and 0.4% in the stroke unit, p-value = 0.67).
The study authors suggest that clinical pathways and pro-
tocols and the availability of neurologists and nurses with
training in stroke management are possible reasons for the
difference in observed outcomes [32]. However, even
when a stroke unit is available, providers report shortages
in bed capacity and as a result, many patients are admitted
to general wards. For example, the only hospital in Ghana
that has a stroke unit reported having only six beds, lim-
iting admissions of patients to receive optimal care [21•].

Discharge Planning and Rehabilitation

Resource Requirements Discharge planning is the develop-
ment of an individualized discharge plan for patients prior to
leaving the hospital to their post-discharge setting, including
home, rehabilitation, or other non-hospital facilities [8].
Discharge planning improves outcomes by bridging the gap
between the hospital and the home and involves providing
patients with information about their condition and how to
care for themselves post-discharge. It also provides post-
discharge support and health care when needed. Early dis-
charge planning for stroke patients includes early assessment
of discharge needs, identification of recovery goals, and reha-
bilitation planning. Discharge planning usually involves the
patient and their family or caregivers in the rehabilitation pro-
cess [12].

Discharge planning and functional assessments should be
initiated as soon as possible after the patient is admitted to the
hospital to determine rehabilitation needs. This should be fea-
sible at all levels of resource availability. For example, patients
could be assessed for communication deficits by trained non-
physician healthcare workers or by more specialized pro-
viders. In essential and advanced healthcare settings, patients
with aphasia are referred to a speech-language pathologist for
individualized therapy to improve communication ability, in
addition to involving families in the rehabilitation process. In
settings with minimal healthcare services, rehabilitation may
rely on family-led rehabilitation only, although its effective-
ness remains unclear [33•].

Secondary prevention of stroke is also important at the
discharge phase. Medications for blood pressure lowering,
lipids lowering, antiplatelet treatment, diabetes, and atrial fi-
brillation (all when indicated) should be prescribed at dis-
charge. Patients should be counseled about the importance
of medication adherence and health behaviors such as
smoking cessation, dietary modification, reduced sodium in-
take, increased exercise, reduced stress, and moderation of
alcohol intake. Counseling can be performed by trained non-
specialized physicians, non-physician healthcare workers, or
even peers in settings with minimal healthcare services. In
settings with essential and advanced stroke services, this
should be performed by more specialized staff. In addition
to counseling, patients should be referred to facilities with
specialists to assist in the management of health behaviors
(e.g., smoking cessation clinic or dietician) when available.

Barriers to Implementation Information on discharge
planning from LMIC is lacking. In HIC, discharge plan-
ning has been shown to reduce hospital length of stay and
readmission rates. A 2016 Cochrane review evaluated the
effects of discharge planning to any control group in 30
trials (n = 11,964 participants) among patients who were
admitted for any medical or surgical reason. The mean
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difference in hospital length of stay was − 0.73 days (95%
CI − 1.33 to − 0.12, among 1105 patients in the discharge
planning group and 1088 patients in the control group),
favoring the group allocated to discharge planning.
Discharge planning also resulted in reductions in readmis-
sion rates (22% in the discharge planning group versus
25% in the control group, relative risk (RR) 0.87, 95%
CI 0.79 to 0.97) [34]. The review did not identify any
studies conducted in LMIC.

Another review compared outcomes among stroke patients
allocated to early discharge and rehabilitation in the home or
community to usual care in 17 trials (n = 2422 participants).
The mean difference in hospital length of stay was − 5.5 days
(95% CI − 3 to − 8 days, among 1148 patients in the interven-
tion group versus 1033 in the control group). At a median
length of follow-up of 6 months, the primary outcome of death
or dependency was lower in the intervention group (37%)
compared to the control group (41%, OR 0.80, 95% CI 0.67
to 0.95) [8].

The effectiveness of early discharge planning will
likely depend on the capacity of community-level
healthcare at each setting in terms of rehabilitation fa-
cilities and primary care clinics. In the absence of these
facilities or when they are not affordable or accessible,
patients may rely on family-led rehabilitation after dis-
charge. The 2017 Family-led Rehabilitation after Stroke
in India (ATTEND) trial investigated whether family-led
stroke rehabilitation, initiated at the hospital and contin-
ued at home, results in improved outcomes compared to
usual care. At 6 months, death or dependency (defined
by a score of 3 to 6 on the modified Rankin scale), was
similar in the intervention (47%) and control groups
(47%; OR = 0.98, 95%CI 0.78 to 1.23) [33•]. These
results suggest that in the absence of community reha-
bilitation facilities, family-led rehabilitation may not be
an effective alternative. However, authors report that the
neutral results may be because of the limited daily re-
habilitation activities, which were reported to be only
~ 30 min per day compared with at least 45 min per
day recommended by professional organizations such as
the Royal College of Physicians [35]. Task shifting to
non-physician healthcare workers, rather than training
family members, may be a more effective alternative,
although more research is needed to evaluate this
hypothesis.

Conclusions

In this review, we present the resource requirements to providing
optimal acute stroke care in LMIC. The review used the frame-
work developed by the World Stroke Organization’s Global
Stroke Services Action Plan [18] to categorize LMIC settings into

minimal-, essential-, and advanced-resource levels, depending on
the availability of stroke expertise, diagnostics, and facilities. The
review shows that some aspect of optimal stroke care can be
delivered even in settings with very limited resources. We also
highlight barriers to implementing evidence-based stroke care in
LMIC across the minimal, essential, and advanced levels of care.
The review shows that even in essential or advanced settings
where some aspects of an organized stroke unit are available,
certain barriers still persist.

Barriers were mostly identified based on reports from obser-
vational studies conducted in LMIC. However, more studies are
needed to clearly identify barriers to implementing evidence-
based practices for stroke care. Implementation studies and inter-
ventions tailored to previously identified barriers have been
shown to be more effective than untailored interventions [19].
Barrier assessment research using qualitative techniques that iden-
tify barriers from healthcare providers, patients, and family mem-
bers and covering different regions of the world and settings (e.g.,
public and private sectors) is needed.

Organized stroke units provide the best outcomes for stroke
patients, through rapid and well-coordinated assessment, di-
agnosis, monitoring, and rehabilitation. Stroke units can reach
large proportions of the population and should be a public
health priority in LMIC. This has been advocated in the liter-
ature [12, 36]; however, little has been yet to be done in terms
of implementation into clinical practice. A 2017 systematic
review of 31 studies conducted in LMIC addressing studies
that highlight evidence-based implementable strategies to im-
prove stroke care found that some strategies are economic,
feasible, and reproducible, such as ambulance transportation
and training of paramedics, stroke units, thrombolysis therapy
offered free of charge, teleconsultation, and simplified but
validated neurological assessments (e.g., a modified
National Institute of Health Stroke scale). The effectiveness
of these strategies remains unclear in LMIC and requires more
data on outcomes and sustainability beyond the research set-
ting for global stroke prevention, treatment, and control [37••].
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