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Summary
Surveillance of stroke is critical to track its burden and assess progress in prevention and treatment. We reviewed the
literature to evaluate stroke surveillance efforts in the South-East Asia Region (SEAR) countries, identify progress and
assess gaps. Epidemiological data on all the major parameters such as the incidence, prevalence and mortality of stroke
were available for India and Thailand but for none of the other SEAR countries. Most of the epidemiological data came
from investigator-initiated studies. National stroke surveillance was present only in India in the form of a National Stroke
Registry Programme and Thailand has a national database that was used to obtain epidemiological data for stroke. Research
on novel methods for stroke registration, such as using information technology, was absent. This review identified serious
gaps in the monitoring and surveillance of stroke in SEAR countries. Systematic efforts are needed to fill those gaps.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Stroke has emerged as a major global public health
problem. Worldwide, it is the second leading cause of
death and the third leading cause of death and disability
combined.1 Currently, nearly three-quarters of the global
stroke burden falls in low- and middle-income countries
(LMICs), where health services for stroke prevention
and treatment are often inadequate. These inadequacies
lead to excess morbidity and mortality.2–4

As defined by the World Health Organization (WHO),
the South-East Asia Region (SEAR) consists of Bangladesh,
Bhutan, India, Indonesia, Maldives, Myanmar, Nepal, the
Democratic People’s Republic (DPR) of Korea (North Ko-
rea), Sri Lanka, Thailand, and Timor-Leste.5 These are low-
or middle-income countries and harbour one-fourth of the
world’s population.6 Premature mortality due to stroke
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weighs heavily on these societies,4 where accessing and
affording preventative and medical services for stroke are
major challenges.3 Because many of the SEAR countries
do not have effective Universal Health Coverage, stroke
care can lead to excessive health expenses and impover-
ishment.7 It is therefore important that stroke surveillance
be conducted in these countries to understand the burden
of stroke, implement interventions systematically to reduce
that burden and assess the impact of those interventions.

The WHO has developed a STEPwise approach to
the surveillance of stroke and its risk factors.8,9 This
approach has standardized methods and tools for such
surveillance, enabling within and between-country
comparisons. However, the STEPwise approach has
not been adopted by most SEAR countries. This is partly
because of the low capacity of their health systems for
such monitoring and because of an emphasis on the
unfinished agenda of maternal and child health.

We conducted a systematic review of published
literature over the last 25 years to understand stroke and
risk-factor surveillance in SEAR countries. In the pro-
cess, we identified both surveillance gaps and surveil-
lance good practices.
1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.lansea.2023.100289
https://doi.org/10.1016/j.lansea.2023.100290
https://doi.org/10.1016/j.lansea.2023.100292
https://doi.org/10.1016/j.lansea.2023.100292
https://doi.org/10.1016/j.lansea.2023.100298
mailto:yvkalkonde@gmail.com
mailto:jeyaraj.pandian@cmcludhiana.in
mailto:jeyaraj.pandian@cmcludhiana.in
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lansea.2023.100286&domain=pdf
https://doi.org/10.1016/j.lansea.2023.100286
https://doi.org/10.1016/j.lansea.2023.100286
https://doi.org/10.1016/j.lansea.2023.100286
www.thelancet.com/digital-health


Series

2

Stroke surveillance system framework
Surveillance involves ongoing, systematic collection,
analysis, and interpretation of health-related data
essential to planning, implementation, and evaluation of
public health practice.10 Compared to other chronic dis-
eases like ischemic heart disease or cancer, stroke lends
itself especially well to surveillance because it is easily
defined clinically. The WHO definition of stroke (“a focal
(or at times global) neurological impairment of sudden
onset, and lasting more than 24 h (or leading to death)
and of presumed vascular origin”) is commonly used in
stroke surveillance studies in SEAR countries.11

The WHO advocates using the STEPwise approach to
stroke surveillance. That approach tailor’s surveillance to
the resources available in each country and has sustain-
able surveillance as the goal. The first step of the STEPs
surveillance involves capturing information on those who
are hospitalised or admitted to other health facilities for
stroke. The second step involves capturing information
on those who have died outside hospitals, and the third
step involves capturing information on the survivors who
are managed outside hospitals.12 The first group of pa-
tients is identified through hospital-based stroke regis-
tries, the second through population-based mortality
surveillance, and the third through population-based
stroke registries or surveys. The STEPwise approach
has identified a core and an expanded set of data that
needs to be collected for each of the above steps (Fig. 1).
The core data can be collected easily while collecting the
expanded data needs additional resources.
Hospital-based stroke registries
Hospital-based stroke registries (HBSRs) are relatively
easy to establish for stroke surveillance. In their
simplest form, these registries collect information about
the age and sex of patients with stroke, whether it is a
first time-ever or recurrent event, and the vital status
during the hospital stay. The expanded data set includes
Fig. 1: Steps and data requirements in the World Health O
brain imaging to determine whether the stroke was
ischaemic or haemorrhagic. These registries are often
investigator-initiated, relatively easy to implement, and
often the first tools of stroke surveillance in the LMICs.

Among the SEAR countries, hospital-based stroke
registries have reported data from India,13–15

Indonesia,16,17 Sri Lanka18,19 and Thailand.20 We did not
come across such data from the other SEAR countries in
the last 25 years. These registries have provided valuable
information on the average age of the patients, female-
male distribution, presence of risk factors, types of
strokes and the aetiological subtypes of ischemic stroke
among the admitted patients. For example, the Hyder-
abad stroke registry in India14 and data from Thailand21

showed that ischemic stroke was the commonest stroke
type, accounting for close to 80% of total stroke cases.
Haemorrhagic strokes accounted for the remaining
20%. In the Hyderabad stroke registry, large-artery
atherosclerosis was the commonest aetiology for
ischemic stroke, and in this group of patients, intra-
cranial atherosclerosis was the commonest mecha-
nism.14 In the largest prospective ischemic stroke
registry from India, large-artery atherosclerosis and
cardioembolic strokes constituted 29.9 and 24.9% of all
ischaemic strokes, respectively.15 Hospital-based data
from Thailand showed a different finding, as lacunar
strokes were the most common subtype of ischemic
stroke in this country.22 In the SEAR countries currently,
the tenth or the eleventh versions of the International
Classification of Diseases (ICD-10 or 11) system are not
routinely used to log stroke diagnoses for discharge or
billing, and that limits the ability in these countries to
use such hospital-based data for stroke surveillance.

Another limitation of these registries is that they are
primarily located at tertiary care centres in cities. While
many patients from rural areas may travel to cities to
seek care, data from these registries might miss out on
patients from rural areas who are unable to travel due to
social or financial reasons. This might impact the stroke
rganization’s STEPwise approach to stroke surveillance.
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subtypes and the risk-factor distribution reported by
these registries. This potential limitation is illustrated by
the data from the Ludhiana population-based stroke
registry in northern India. In this registry, ischemic
strokes were more common in urban areas, while risk
factors such as high blood pressure and alcohol use
were more common in rural areas.23 Furthermore, in-
vestigations to determine the ischemic-stroke subtype
may be incomplete in the registries due to resource
limitations such as lack of Magnetic Resonance Imaging
or echocardiography. This and other missing data in the
hospital-based registries in resource-poor settings can
limit the usefulness of the registries. Another limitation
of the HBSRs is that they provide information on stroke
subtypes and risk factors among patients admitted with
stroke but do not provide information on the burden of
stroke in the community.

Systems to monitor mortality due to stroke
After HBSRs, the next level of stroke surveillance is
monitoring stroke mortality. It is estimated by counting
total deaths due to stroke, those occurring in hospitals as
well as at home, in a defined population. For deaths
occurring in a hospital, medical certificates of cause of
death can be used to ascertain deaths due to stroke.
However, in many SEAR countries, a majority of sick
patients die at home. For example, in a study from rural
India, close to 90% of deaths from stroke occurred at
home and thus were not medically certified.24

Civil Registration and Vital Statistics (CRVS) systems
that compulsorily record all births and deaths, issue birth
and death certificates, and provide information on the
cause of death form the bedrock of population-wide
mortality surveillance. However, CRVS systems often
function sub-optimally in LMICs, including many SEAR
countries, and that limits stroke-mortality surveillance in
those countries. In settings where CVRS is not available
and medical certification of cause of death is inadequate,
a “verbal autopsy” surveillance system can be used to
estimate causes of death.4,24 A “verbal autopsy” is a
narrative description of circumstances that led to death,
plus answers to a series of questions seeking additional,
specific information. While verbal autopsies perform well
in identifying stroke deaths, some stroke deaths may get
erroneously labelled as cardiac-arrest deaths, leading to
an underestimation of stroke mortality.25 Such a system
of mortality surveillance using verbal autopsies reports
on crude stroke mortality rates as well as age-
standardized rates. This system also provides informa-
tion on age- and sex-specific stroke mortality that can be
compared to that of other countries in the region.

Estimates of the stroke mortality rate were reported in
peer-reviewed studies from Bangladesh,26 India4,24,27 and
Indonesia.28,29 These were mostly based on investigator-
initiated population-based studies. Additionally, the
Global Health Observatory of the WHO reported stroke-
mortality rates for all the SEAR countries based on a
www.thelancet.com Vol 17 October, 2023
combination of sources, such as national vital-
registration data, United Nations partners and inter-
agency groups, technical programmes of the WHO, the
Global Burden of Disease (GBD) and other scientific
studies.30 For some countries, deaths due to stroke were
reported as the fraction of total deaths in the country and
not as mortality rates. For example, in DPR Korea stroke
accounted for 7% all of deaths,31 while in Thailand stroke
accounted for 12.2% of all deaths among women and
9.6% among men.32 In India, the “Sample Registration
System” under the Registrar General of India is a na-
tional system that monitors the cause of death using
verbal autopsies,4 and Thailand has a National Mortality
Register.33 We did not come across national systems to
monitor deaths in the other SEAR countries. In a sig-
nificant contribution to global stroke surveillance, the
GBD study used mathematical models to provide esti-
mates of stroke mortality. The estimates of mortality due
to stroke in the SEAR countries are shown in Fig. 2. It
shows a higher (100 or more per 100,000 population)
stroke mortality rate in Bangladesh, Indonesia, Myanmar
and DPR Korea compared to the other SEAR countries.
However, we did not come across much primary data on
stroke mortality in some SEAR countries, and it is likely
that some of these estimates may be generated using
mathematical models and could be skewed. Therefore,
efforts are needed to capture and report more primary
data on stroke mortality in these countries.

Early mortality due to stroke in the form of 28- or 30-
day case-fatality rates have been reported in population-
based studies from India and Thailand. One study from
an urban city centre in eastern India has reported a high
30-day case-fatality rate of 41.1%.34 A study from
northern India has found a 28-day case-fatality rate of
22%,35 and one from southern India found a rate of
24.5% in urban and 37.1% in rural populations.36 Based
on the National Health Security Office (NHSO) data-
base, the 30-day case-fatality rate was 16.9% in
Thailand.37 It is important to note that the disparities in
30-day case-fatality rates depend upon various factors,
including the severity of stroke, access to care and the
quality of stroke care available.
Monitoring of stroke events in the community
Monitoring of all stroke events, fatal or non-fatal, in a
defined community forms the third level of stroke sur-
veillance. Such a system captures all strokes, including
those not leading to hospitalization. Population-based
stroke registries (PBSRs), and population-based cross-
sectional or longitudinal studies in a well-defined popu-
lation capture such data over a continuous time period and
are the most important tools of stroke surveillance. They
provide data on the prevalence of stroke (current status)
and its incidence (risk of stroke) in the given population.

Population-based surveys or registries from
Bangladesh,38–40 India,23,34,35,41–48 Indonesia,49,50 Myanmar,51
3
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Fig. 2: Estimates of incidence (a), prevalence (b) and mortality (c) due to stroke in 2019 from
the Global Burden of Disease study for the SEAR countries.
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Nepal,52 Sri Lanka,53 DPR Korea,31 and Thailand54–56 have
reported data on stroke prevalence (Table 1). Data on
stroke incidence were extremely rare, as they need
population-based longitudinal studies. Only India and
Thailand had such studies.34–37,57–61 As the majority of the
population in the SEAR countries reside in rural areas, it
is important that rural populations be represented in the
PBSRs. Unfortunately, many SEARs countries do not
have data on the epidemiological parameters of stroke in
their rural areas (Table 2). The Trivandrum registry36 in
the state of Kerala in the southern part of India and the
Ludhiana registry in northern India41 are examples of
PBSRs that have covered both the urban and the rural
populations and have provided valuable information.

The estimates of stroke prevalence and incidence
based on the GBD study are shown in Fig. 2 and show a
higher prevalence and incidence in DPR Korea,
Indonesia, Myanmar, Sri Lanka, Thailand, and Timor-
Leste compared to the other SEAR countries.
National stroke registries
Most of the studies on stroke surveillance in the SEAR
countries are investigator-initiated. Such studies might
lack sustained funding, be conducted over a short dura-
tion, be restricted to smaller geographies, and have vary-
ing methodologies. These shortcomings underscore the
need for government-initiated, long-term mechanisms for
Country Mortality Prevalence Incidence

Range Range Range

Bangladesh 14026 196–113938,39

300 (above 40 years)40
NA

Bhutan NA NA NA

India 52–1224,24,27 53–47134,35,41–44

382–3339 (above 45
years)45–48

108–17134–36,57–61

Indonesia 56–19328,29 830–140049,50 NA

Maldives NA NA NA

Myanmar NA 6700 (above 40 years)51 NA

Nepal NA 236852 NA

DPR Korea NA 17831 NA

Sri Lanka NA 100453 NA

Thailand NAa 12254

1880 (45–80 years)55

3990 (among
hypertensive patients)56

30337

Timor-
Leste

NA NA NA

Data are crude rates per 100,000 population, where not indicated, rates are
from studies or surveys that include all population or up to or more than 25
years of age, for other studies age groups are specified in the parentheses.
aThailand has mortality data reported as percentages of total deaths due to
stroke. NA-data not available.

Table 1: Country-wise availability of surveillance data on stroke
between 1997 and 2022.
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Country Hospital-based
stroke registries

Population-based
mortality surveys or
systems to monitor
stroke mortality

Population-based stroke
surveys or registries

National
stroke
programme

Rural Urban

Bangladesh – – Yes38,39 Yes38 –

Bhutan – – – – –

India Yes13–15 Yes4,24,27 Yes36,58,61 Yes34–36,57,59,60 Yes62

Indonesia Yes16,17 – Yes49,50 Yes49,50 –

Maldives – – – – –

Myanmar – – – Yes51 –

Nepal – – Yes52 Yes52 –

DPR Korea – – – – –

Sri Lanka Yes18,19 – – – –

Thailand Yes20 Yes33 Yes37,54 Yes37,54 –

Timor-
Leste

– – – – –

Table 2: Registries, surveys and monitoring systems for stroke in the past 25 years in the SEAR
countries.

Country Population-based
studies on stroke risk
factors

National NCDs
monitoring
surveys

Rural Urban

Bangladesh Yes38 Yes38 –

Bhutan – – Yes66

India Yes36,58 Yes23,36 Yes67

Indonesia – – –

Maldives – – –

Myanmar – – Yes68

Nepal Yes52 Yes52 –

DPR Korea – – –

Sri Lanka – Yes53 –

Thailand Yes54 Yes54 Yes69

Timor-Leste – – –

Table 3: Population-based data on the risk factors for stroke and
national NCDs monitoring surveys.
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stroke surveillance. One example of such an initiative is
the National Stroke Registry Programme (NSRP) imple-
mented by the National Centre for Disease Informatics
and Research of the Indian Council of Medical Research,
which runs both hospital- and population-based regis-
tries.62 This programme aims to estimate stroke incidence
reliably and to assess stroke subtypes, treatment patterns,
complications, disability, quality of care, case-fatality and
survival rates. The stroke registries under this programme
collect data in standard formats by reviewing medical re-
cords from all health facilities and imaging centres that
cater to stroke patients in a defined geographical area. In
addition, dedicated staff follow-up on patients to ascertain
disability and survival at day 28 (PBSR and HBSR) and 3
months (HBSR) after the onset of symptoms. This system
provides estimates of incidence and mortality due to
stroke. Currently, there are five PBSRs under this pro-
gramme, each of which covers a population of 1–2.5
million.

Although Thailand doesn’t have a national stroke
registry programme, it has Universal Health Coverage,
and more than 80% of the population is covered by health
insurance. The NHSO database has information on most
stroke admissions in Thailand and the annual estimates
of stroke incidence and case-fatality rates are reported
using this database.37 We did not come across any na-
tional programme for stroke registries in the other SEAR
countries (Table 2). While such national programmes
have distinct advantages listed above, the quality of data
reported by them will depend upon the technical capacity
available in such systems, including whether there is
adequate coverage of the population and whether various
population sub-groups are adequately represented.

Digital health systems and stroke surveillance
Currently, SEAR countries rely mostly on paper-based
systems for stroke surveillance. Because of the extra
time required for processing data collected on paper, the
data are often reported several years after they are
collected. Digital systems and electronic records for
stroke surveillance can reduce some of the delays in data
collection, analysis, and reporting. For example, the
NSRP in India uses information-technology tools for
data collection, management, and analysis. In Thailand,
the national reimbursement database was successfully
used to estimate the prevalence and incidence of
stroke.37,54 The use of electronic medical records in
hospitals can lead to relatively easy pooling of data to
calculate stroke admissions nationwide, as is currently
done in high-income countries. Eventually, live data can
be obtained at the country level using hospital records.

Monitoring the risk factors for stroke
Stroke is preventable. Ten major risk factors account for
90% of the risk of stroke,63 and the control of risk factors
can reduce stroke rates nationwide. Various hospital- and
www.thelancet.com Vol 17 October, 2023
population-based stroke registries as well as population-
based studies have provided information on the distri-
bution of risk factors among stroke patients from the
SEAR countries.63–65 These investigations have shown that
the risk factors for stroke in SEAR countries are largely
similar among themselves and to high-income countries.
There is an urgent need among the SEAR countries for
sustained monitoring of stroke risk factors and their
control. Available data on stroke risk factors from
population-based studies are shown in Table 3.
National non-communicable diseases (NCD)
risk monitoring surveys
In the SEAR countries, studies on stroke risk factors
are often done in the HBSRs and PBSRs and often in
smaller geographies. While these studies provide
5
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valuable information regarding the control of stroke
risk factors, they may not be representative of the
entire country. The WHO has therefore promoted na-
tional NCD risk-factor surveys for the surveillance of
cardiovascular risk factors. These surveys can provide a
comprehensive picture of risk factor control and spur
action at the national level (Table 3). Results of such
surveys are reported for Bhutan, India, Myanmar and
Thailand.66–70 For example, the survey conducted in
Bhutan in 2014 revealed significant under-diagnosis
and under-treatment of hypertension, the most
important risk factor for stroke. Sixty-five per cent of
those with hypertension were unaware of the diagnosis
and only 5.7% of the hypertensive patients who were
receiving treatment had their blood pressure
adequately controlled.66 The National NCD Monitoring
Survey (NNMS) conducted in India in 2017–18
collected information on NCD risk factors, their con-
trol and the response of the health systems. It showed
clustering of three or more cardiovascular risk factors
among 40% of adults aged 18–69 years. Also, 13% of
adults 40–69 years of age had a 10-year risk of cardio-
vascular disease that exceeded 30%.67 Furthermore,
among patients with diagnosed hypertension, only
13% had their blood pressure adequately controlled.70

In Myanmar, the National STEPs survey in 2009
found that the prevalence of hypertension was 29.3%
in women and 31% in men.68 Thailand conducts Na-
tional Health Examination Surveys (NHES) every five
years. The NHES VI survey, conducted in Thailand in
2019, showed that the prevalence of hypertension in
those aged 15 or more was 25.4%.69 These surveys
show a heavy burden of poorly controlled cardiovas-
cular risk factors in the SEAR countries. To evaluate
the progress made by the NCD control programmes
and to take appropriate actions, all the SEAR countries
should conduct such surveys every five years. Different
survey methods used by the countries could limit
comparisons amongst the countries. This problem
could be overcome if all countries used the STEPs
Level Characteristics

0 No hospital based stroke registries

I Limited number of hospital-based stroke registries

II Limited number of population-based stroke surveys or registries

III National stroke registry programme covering non-sizable
population of the country (<50%) without real time data

IV National stroke registry programme covering a sizable population
(>50%) of the country without real time data

V National stroke registry programme covering sizable population
(>50%) of the country with real time data

aDoes not have a stroke registry programme as such but has a National Health Security O
potentially be used to monitor annual stroke incidence and mortality at the national l

Table 4: Proposed levels of stroke monitoring and surveillance system.
approach promoted by the WHO for NCD risk-factor
monitoring.

Levels of stroke surveillance among SEAR
countries
Our systematic review revealed that there are multiple
gaps in stroke surveillance in the SEAR countries. We
propose a framework to assess the level of stroke
surveillance in a country (Table 4). In the framework,
stroke surveillance levels range from zero (no HBSR
in the country) to V [the presence of a national stroke
registry programme covering a sizable population
(>50%) of the country with real-time data]. There are
several countries such as Bhutan, Maldives and
Timor-Leste that do not have any published studies on
stroke surveillance. Bangladesh, Bhutan, Maldives,
Myanmar, Nepal, DPR Korea, and the Timor-Leste do
not have published results from any stroke registry
and thus have a surveillance level of zero (Table 4).
The only data these countries have are on stroke
mortality that are reported by the Global Health Re-
pository.30 India has published data on mortality,
prevalence and incidence of stroke; and it has a na-
tional registry programme that covers less than 50% of
the population. Thus, it has a stroke surveillance level
of III. Thailand has reported annual national data on
stroke incidence, percentage of total deaths due to
stroke, and 30-day case-fatality rates for a majority of
the population of the country based on a national
database and thus has a stroke surveillance level of IV.
This national database can potentially be used to
obtain real-time stroke incidence and mortality data,
and thus Thailand might readily be able to develop
level V stroke surveillance.

Challenges and gaps in research
Stroke surveillance in SEAR countries suffers from
insufficient country-level technical capacity, prioritiza-
tion, and funds. A significant population of these
SEAR countries

Bangladesh, Bhutan, Maldives, Myanmar, Nepal, DPR Korea,
Timor-Leste

India, Indonesia, Sri Lanka, Thailand

India, Thailand

India

Thailanda

None

ffice database which has data on more than 80% of the insured population and can
evel.
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Challenges Proposed solutions

Lack of prioritization of stroke surveillance within the health system in SEAR
countries leading to paucity of primary data

Advocacy by the World Health Organization, World Stroke Organizations and
country-level champions

Lack of country-level technical capacity and trained human resource to
conduct surveillance

Technical capacity building of country-level human resource through
training by the World Health Organization, it’s collaborating centres or by
other SEAR countries with such a capacity

Lack of sustained funding support for stroke surveillance Funding support through the World Health Organizations or local
governments
Sustained and systematic stroke surveillance through national programmes

Poor representation of rural areas where a majority of the population lives in
stroke surveillance efforts

Building capacity to develop population-based stroke registries where
surveillance can be conducted over a defined time intervals and nesting
stroke surveillance within non-communicable disease surveillance to reduce
costs

Paper-based data collection methods which delays reporting Use of digital tools and open access platforms for data collection using
standardized methods

Lack of uniform stroke surveillance methodology including standardization
and validation

Use of standardized tools such as those developed under the STEPs approach
for the stroke surveillance by the World Health Organization

Need for active surveillance as hospital administrative data are not available Strengthening civil registration and vital statistics systems
Use of ICD-10 or -11 codes for discharge diagnosis and in death certificates in
hospitals to make stroke surveillance easy
Universal health coverage so that insurance claims data can be used for
stroke surveillance

Lack of research on novel methods of stroke surveillance which can be used
in resource limited settings

Research on the use of mobile phone and other digital technologies to
simplify stroke surveillance

Table 5: Current challenges and proposed solutions to improve stroke surveillance in the SEAR countries.

Series
countries lives scattered in rural areas, where people do
not have easy access to health care, including brain
imaging. They may not seek modern medical care,
making surveillance more challenging. Additionally, the
lack of uniform stroke surveillance methodology with
appropriate standardization and validation hinders
inter-country comparisons. The use of comprehensive
health insurance data could improve stroke surveillance,
but of the SEAR countries, only Thailand has compre-
hensive health insurance. Also generally lacking in the
SEAR countries is research on novel methods for stroke
surveillance, such as the use of information technology,
that can be deployed easily in resource-poor settings.
However, these obstacles are not insurmountable and
can be addressed systematically (Table 5).

The way forward
There is an urgent need to build capacity in SEAR
countries for sustained stroke surveillance. This can be
done through a WHO collaborating centre for
improving stroke surveillance, initially at the regional
level and then at the country level. We propose a step-
wise roadmap to improve stroke surveillance in the
SEAR countries (Fig. 3).

To begin with, one or two academic centres in the
country can be identified to start HBSRs and their ca-
pacity can be built through the collaborating centre.
These centres can then become the training centres to
set up more HBSRs in that country.

Strengthening CRVS systems to monitor the causes
of deaths is crucial to improving stroke surveillance in
the SEAR countries. In countries where deaths
www.thelancet.com Vol 17 October, 2023
commonly occur at home, verbal autopsy-based moni-
toring of deaths could be deployed. The unavailability of
physicians to code the cause of death hinders the
reporting of the causes of death, but recent de-
velopments in computer technology are helping to
automate the coding process.71 Such technological ad-
vances can be leveraged to improve CRVS systems.

In the countries with no PBSRs, one or two registries
could be started that cover both the rural and urban
populations. These can be spearheaded through aca-
demic institutions initially and then extended through
the national government. A National HBSR program
can link multiple HBSRs to provide dynamic and live
data. This should be followed by setting up a national
PBSR programme to ensure representative data from all
parts of the country. To reduce operational costs, these
PBSRs can also include surveillance for other NCDs,
and the surveillance can be done every 5–7 years. Na-
tional NCD stroke risk-factors surveys need to be con-
ducted to monitor the control of those risk factors.
Finally, all these national data on stroke can be collated
under a national stroke surveillance programme.

To improve stroke surveillance, technology can be
used innovatively. Digital tools could be used to collate
data, link records, remove duplicity, and facilitate pa-
tient opt-in consent for data sharing. Given that some of
the SEAR countries have limited resources, such tools
can be developed by the WHO, or the few SEAR coun-
tries with such capabilities can share their tools. For
example, the digital tools for stroke surveillance used in
the NSRP and NNMS of India can simplify analysis and
reduce reporting time. Gradually, the technical capacity
7
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We searched PubMed
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Additionally, we iden
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Preferred Reporting I
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Technical capacity building to start hospital-based stroke registries

Ensuring population-based surveillance of mortality due to stroke which can be done every 5-7 years by 
strengthening the Civil Registration and Vital Statistics (CRVS) systems

Starting population-based stroke registries in academic centres using STEP-wise approach to stroke 
surveillance

Setting up national hospital-based stroke registry programme which is live and dynamic

Setting up national population-based stroke registry programme where surveillance can be done every 5-7 
years

National non-communicable diseases risk factor monitoring surveys

Integrating the above activities under the national non-communicable diseases or stroke surveillance 
programme 

Fig. 3: The proposed steps for systematic development of stroke monitoring and surveillance capabilities in the SEAR countries.
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to handle these tools can be built in the SEAR countries
with low resources. Now a significant proportion of
households in the SEAR countries have access to mobile
phones. Mobile phones can potentially be used to notify
stroke events. An open-source digital platform can also
be developed for stroke registration in SEAR countries
that lack technical capacity.

Needless to say, developing stroke surveillance needs
to go hand in hand with developing stroke care and
preventive services. Controlling key risk factors for
selection criteria

, Web of Science and SCOPUS databases for articles describing
and its risk factors in SEAR countries published over the last 25
ber 1, 1997, and December 31, 2022. We used search terms
scular accident” OR CVA OR “stroke risk factor” OR “stroke
prevalence” OR “stroke mortality” OR “stroke disability” OR”
roke case-fatality” OR “stroke epidemiology” OR “stroke risk
scular risk factors” AND Monitoring OR surveillance OR registry
“hospital-based stroke registry” OR “population-based stroke
AND SEAR OR “south-east Asia region” OR India OR Nepal OR
anka” OR Bhutan OR Maldives OR Indonesia OR Thailand OR
orth Korea” OR Myanmar. Additional searches were also
erm “Democratic People’s Republic of Korea”. We limited the
icles, reviews or government documents and excluded articles
tment pathway models, animal models, radiology or other
or simulation or other predictive models. Also, articles from
SEAR and languages other than English were excluded.
tified other studies through search engines such as Google and
ing in these countries. This review was conducted using the
tems for Systematic reviews and Meta-Analysis (PRISMA)
fied 5010 articles, out which 4454 articles were screened, 266
ibility, and 57 articles were included in this review.
stroke will be important. The National Programme for
Prevention and Control of NCDs in India, the India
Hypertension Control Initiative and the 5-Year National
NCDs Prevention and Control Plan (2017–2021) in
Thailand are examples of the national initiatives to
control NCD risk factors.72–74 Primary health care ser-
vices can promote risk-factor control and make such
care easily accessible.

To summarize, our review found that systematic
and sustained stroke surveillance was lacking in most
SEAR countries. It also identified specific deficiencies
that can be overcome by planned capacity-building in
SEAR countries, ultimately improving stroke care and
outcomes.
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