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Abstract

Original Article

Introduction

Ischemic stroke is quite heterogeneous in its pathophysiological 
mechanisms, and this forms the basis of stroke subtyping. The 
importance of subtyping is highlighted by the fact that current 
guidelines for stroke prevention and treatment are subtype 
specific.[1,2] Recently, genetic mechanisms underlying stroke 
have also been found to be subtype specific.[3] Interestingly, data 
from stroke registries have demonstrated regional variability in 
the pattern of stroke subtypes and their risk factor profiles.[4‑10] 
However, majority of these studies have been conducted in 
North America, Europe, the UK, and Australia. Stroke studies 
from Asia report patterns mainly from East Asia, and limited 
data exist regarding stroke subtypes from countries in South 
Asia.[11] Knowledge about the regional pattern of stroke subtype 
will help to develop population‑specific screening tools for 

instituting appropriate preventive and therapeutic measures. The 
present study has been conducted in a university hospital in the 
South Indian city of Hyderabad, over a period of 10 years and 
is aimed to investigate the pattern of ischemic stroke subtypes 
and their associated risk factors.

Aim of the study
The study aimed to investigate the pattern of ischemic stroke 
subtypes and their associated risk factors in a stroke registry 
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based in the South Indian city of Hyderabad, over a period 
of 10 years.

Materials and Methods

Consecutive stroke patients evaluated in the stroke Registry 
of Nizam’s Institute of Medical Sciences, a university hospital 
in Hyderabad, India, during the period 2001–2011 were 
prospectively included in this study. The Hyderabad stroke 
registry was designed to comprehensively evaluate and record 
clinical, radiological, and laboratory data of consecutive acute 
stroke patients with a structured protocol.[12] Patients were 
uniformly investigated to determine the underlying mechanism 
of stroke with computed tomography scan or magnetic resonance 
imaging (MRI) with angiogram, carotid duplex examination, 
electrocardiography, two‑dimensional  (2D)‑transthoracic 
echocardiography, and basic laboratory investigations. Of the 
2072 ischemic stroke patients, 85.8% (n = 1779) underwent 
MRI, 73%  (n  =  1512) were evaluated with a neck vessel 
Doppler, and 79.8% (n = 1654) underwent a 2D echocardiogram. 
Among patients in whom the underlying mechanism was not 
identified, one or more of additional investigations including 
24 h electrocardiography (Holter) monitoring, transesophageal 
echocardiography, digital subtraction cerebral angiography, 
and hematological investigations for systemic disorders were 
done.

All patients with ischemic stroke were subtyped 
according to the Trial of ORG 10172 in acute stroke 
treatment (TOAST) classification system.[13] Large artery 
atherosclerosis  (LAA)  (intracranial or extracranial LAA), 
cardioembolism (CE), small vessel occlusion (SVO) or lacunar 
stroke, stroke of other determined etiologies, and stroke of 
undetermined etiology. Strokes of undetermined etiology 
were diagnosed in participants with more than one underlying 
mechanism, in patients without identifiable cause despite 
extensive evaluation, and in those with incomplete evaluation. 
Patients were classified into stroke subtypes based on the 
review of clinical records and investigations by neurologists 
trained to apply the TOAST classification system. At least two 
neurologists reviewed data of an individual patient to arrive 
at the mechanism of stroke subtype. The study was approved 
by the Institutional Ethical Committee of Nizam’s Institute of 
Medical Sciences.

Statistical analysis
Descriptive statistics for categorical variables were performed 
by computing the frequencies in each category. For quantitative 
variables, approximate normality of the distribution was 
assessed. Variables following normal distribution were 
summarized by mean and standard deviation. The association 
between stroke subtypes and the risk factors was determined 
by analysis of variance test. Multinomial logistic regression 
was performed to identify demographic and clinical risk factors 
associated with LAA  (Extracranial LAA and Intracranial 
LAA), SVO, and CE. All tests were two tailed; P < 0.05 was 
considered statistically significant. Statistical analysis was 

carried out using IBM SPSS, Version 20 (IBM SPSS Statistics, 
Somers NY, USA).

Results

During the study period, 2642 consecutive patients with 
stroke were enrolled in the stroke registry, and among 
them, 2072  (78.4%) were ischemic and 570  (21.6%) were 
hemorrhagic strokes. The ischemic cohort consisted of 1622 
men  (78.3%) and the mean age was 54.1  years. The most 
common ischemic stroke subtype was LAA (37.6% [n = 779]), 
followed by SVO (19.9% [n = 413]) and CE (11% [n = 228]). 
Stroke of other determined etiologies constituted 4.2% (n = 86) 
of ischemic strokes, and stroke of undetermined etiology 
was observed in 27.3% (n = 566). Among the 779 patients 
in whom stroke was attributable to LAA, 610  (78.3%) 
had intracranial LAA and 169  (21.7%) had extracranial 
LAA. The most commonly detected causes of stroke in the 
group of patients with other determined etiologies were 
moyamoya disease  (7%), vasculitis  (7%), protein C, S and 
antithrombin‑III deficiency (7.2%), antiphospholipid antibody 
syndrome (5.8%), HIV infection (2.3%), and others (5.6%).

Table  1 shows patient characteristics and prevalence of 
risk factors across subtypes of ischemic stroke. Significant 
differences noted on post hoc analysis were older age of 
patients with SVO, stronger association of hypertension (HTN) 
with SVO compared to other subtypes, higher prevalence of 
diabetes mellitus (DM) with SVO and LAA, higher prevalence 
of hyperlipidemia with LAA, and more frequent association 
of ischemic heart disease (IHD) with cardioembolic stroke, 
compared to other subtypes. Male gender, smoking, and 
chronic alcoholism were more common with extracranial LAA. 
Prior stroke was more frequently encountered with CE and 
LAA compared to SVO. Strokes of other determined etiologies 
were less commonly associated with all of these risk factors.

In multivariate model analysis of risk factor differences 
between LAA, SVO, and CE, significant findings were 
demonstrated  [Table  2]. Hyperlipidemia was strongly 
associated with intracranial and extracranial LAA compared 
to SVO and CE, and IHD was most frequently associated with 
CE compared to LAA and SVO. Prior stroke was associated 
more often with LAA and CE compared to SVO.

Discussion

Subtyping ischemic stroke is crucial for planning proper 
treatment and prevention strategies. Stroke recurrence and 
mortality differ among subtypes, and importantly, treatment 
strategies are specific to underlying mechanisms.[1,2] 
Furthermore, epidemiological and genetic studies in stroke 
require accurate phenotyping and indicate genetic associations 
specific to subtype.[3] There are, however, significant 
racial and ethnic differences in patterns of ischemic stroke 
subtypes. While patterns of stroke mechanisms are fairly well 
established in Western and East Asian countries, evidence from 
developing South Asian countries like India is still limited. 
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Table 1: Demographic and risk factors profile of various ischemic stroke subtypes

Stroke 
subtypes

ECLAA 
(n=169)

ICLAA 
(n=610)

CE 
(n=228)

SVO/lacunar stroke 
(n=413)

Stroke of other 
determined 

etiology (n=86)

Stroke of 
undetermined 

etiology (n=566)

P

Age* 52.1 (14.2) 54.6 (14.7) 49.5 (15.5) 56.9 (12.2) 39.6 (19.5) 53.7 (14.8) <0.0001
Men† 148 (87.6) 446 (73.1) 146 (64.0) 326 (78.9) 51 (59.3) 439 (77.6) <0.0001
HTN† 102 (60.4) 413 (68.2) 113 (50.0) 298 (72.7) 31 (36.5) 349 (62.0) <0.0001
DM† 61 (36.3) 217 (35.7) 58 (25.8) 162 (39.6) 12 (14.0) 204 (36.2) <0.0001
Smoking† 69 (40.8) 192 (31.5) 64 (28.1) 121 (29.3) 13 (15.1) 179 (31.6) 0.002
Hyperlipidemia† 30 (17.7) 103 (16.8) 23 (10.8) 39 (9.4) 6 (7.0) 64 (19.6) 0.0001
IHD† 10 (6.0) 31 (5.1) 55 (24.8) 21 (5.2) 2 (2.4) 26 (4.7) <0.0001
Alcoholism† 56 (33.1) 141 (23.2) 56 (24.8) 106 (25.9) 13 (15.1) 167 (29.6 ) 0.007
Prior stroke† 44 (28.8) 158 (27.3) 60 (28.6) 82 (20.8) 19 (23.8) 128 (24.9) 0.165
Data is presented as *mean (SD) and †n (%). Missing data: Hypertension 13, Diabetes 13, hyperlipidemia 908, IHD 32, alcoholism 11, previous stroke 
20°ECLAA=Extracranial large artery atherosclerosis, ICLAA=Intracranial large artery atherosclerosis, CE=Cardioembolism, SVO=Small vessel occlusion, 
HTN=Hypertension, DM=Diabetes mellitus, IHD=Ischemic heart disease, SD=Standard deviation

The present 10‑year long study from India is the largest 
single‑center prospective study so far of comprehensively 
evaluated acute ischemic stroke patients from South Asia. The 
characteristic feature was that the most common stroke subtype 
was intracranial LAA, accounting for 29.4% of ischemic 
strokes. Risk factor profile demonstrated different patterns 
of associations with subtypes: hyperlipidemia was strongly 
associated with LAA and IHD with cardioembolic strokes.

We compared patterns of ischemic stroke subtypes in India 
with the West and East Asia [Table 3].[4,6,7,11,12,14‑18] A recent 
study from India reported ischemic stroke subtypes in a 
hospital population across different centers, and while the 
proportion of LAA was the highest similar to our study, 
the proportion of extracranial and intracranial large artery 
disease was not reported.[11] Extracranial LAA dominated 
composition of LAA in Western countries,[19‑21] but intracranial 
LAA accounted for nearly 80% of LAA in the Hyderabad 
registry, consistent with reports from other East and South 
Asian countries,[7,22,23] thereby confirming that intracranial 
LAA is the prominent subtype of LAA across Asia. In 
contrast, SVO or lacunar stroke contributed to 19.9% of all 
ischemic strokes, and this proportion is less than reported 
from China (42.2%),[15] Taiwan (32.7%),[16] Korea (25.4%),[7] 
and Japan (34.2%)[17] while more comparable to data from the 
West (range: 15%–23%).[4,6,9,10,24,25]

Cardioembolic strokes accounted for 11% of ischemic strokes 
in our registry. While this is similar to majority of hospital‑based 
studies from Asia,[8,14,16] registries from North America, the UK, 
and Europe report a much higher frequency, and in fact, CE 
is considered to be one of the most common causes of stroke 
in the West.[6,18,9,24] It is, however, possible that some cases of 
CE may have remained undetected in our cohort, explaining 
the larger proportion of cardioembolic strokes reported in a 
recent study from India.[11] Stroke of undetermined etiology 
was observed in 27.3%, consistent with earlier studies.[4,6‑8] It 
is now recognized that a significant proportion of strokes of 
undetermined etiology are cardioembolic in origin and the 
source may be detected by more extensive investigations 

including long‑term electrocardiogram monitoring and 
transesophageal echocardiography.[26]

We observed that HTN, DM, and hyperlipidemia were the 
common risk factors across all ischemic stroke subtypes. On 
univariate analysis, the strongest association of HTN was with 
SVO, and DM correlated with both SVO and LAA consistent 
with prevailing reports.[4‑6,8,9] Similarly, smoking and chronic 
alcoholism were more often associated with extracranial 
LAA.[5,6] On multivariate analysis, significant findings that 
emerged were the association of hyperlipidemia with LAA and 
IHD with CE.[27] Patients with LAA and CE also had a higher 
frequency of a prior stroke compared to SVO. This finding is 
supported by previous studies[28] and emphasizes the need to 
accurately identify these two‑stroke mechanisms, to prevent 
recurrence in high‑risk patients.

The strengths of the study are that, to the best of our 
knowledge, this is the largest single‑center prospective study 
of comprehensively evaluated patients with acute ischemic 
stroke from South Asia. Data were derived over a period of 
10 years and the remarkable similarity in results first reported in 
a smaller cohort more than a decade earlier,[12] provides strong 
supportive evidence for the ischemic stroke subtype pattern 
described. Stroke diagnosis was made systematically by trained 
stroke neurologists, based on relevant investigations required 
for TOAST classification of subtypes. An important limitation 
is that it was a hospital‑based study and therefore likely to 
underestimate very mild and fatal strokes. However, extensive 
investigations to determine stroke subtypes are difficult to 
perform in community studies, and most stroke registries 
that have contributed to understanding pathophysiological 
mechanisms in stroke have been conducted worldwide in large 
hospital cohorts.

Conclusions

This study from a hospital‑based registry in India reveals a 
distinct pattern of ischemic stroke subtypes, characterized 
by the significant overlap between Western and East Asian 
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Table 3: Comparison in ischemic stroke subtypes between registries from different countries

South Asia East Asia Europe America

Present 
study

India[11] Pakistan[14] China[15] Taiwan[16] Japan[17] Korea[7] Germany[6] Brazil[4] USA[18]

Year of publication 2002 2003 2010 2010 2013 2012 2001 2013 2014
Cohort size (n) 2072 392 393 3905 22642 31664 36191 5017 688 473
LAA (%) 37.6 41 26.9 14.0 27.7 29.1 36.1 20.9 32.4 22.4
SVO (%) 19.9 18 42.7 42.2 37.7 34.2 25.4 20.5 18.5 20.7
CE (%) 11.0 10 6.1 16.2 10.9 29 17.1 25.6 28.3 33.4
Stroke of other 
determined etiology (%)

4.2 4 3.8 ‑ 1.5 ‑ 1.8 3.5 4.4 10.6

Stroke of undetermined 
etiology (%)

27.3 27 20.3 27.6 22.2 7.7 19.6 22.7 16.4 12.9

LAA=Large artery atherosclerosis, SVO=Small vessel occlusion, CE=Cardioembolism, USA=United States of America

Table 2: Risk factors associated with ischemic stroke subtypes: Multinomial logistic regression

ECLAA versus 
ICLAA

CE versus 
ICLAA

SVO versus 
ICLAA

SVO versus 
ECLAA

CE versus 
ECLAA

CE versus 
SVO

Age
OR 1.001 0.987 1.011 1.009 0.986 0.997
95% CI 0.982‑1.021 0.972‑1.003 0.996‑1.025 0.989‑1.030 0.965‑1.008 0.960‑0.994
P 0.900 0.115 0.151 0.382 0.211 0.010

Gender
OR 2.128 0.568 1.327 0.624 0.267 0.428
95% CI 1.031‑4.393 0.332‑0.973 0.833‑2.116 0.289‑1.346 0.118‑602 0.236‑0.775
P 0.041 0.040 0.234 0.229 0.001 0.005

HTN
OR 0.787 0.535 1.438 1.827 0.680 0.372
95% CI 0.441‑1.404 0.321‑0.892 0.901‑2.295 0.968‑3.451 0.349‑1.326 0.210‑0.660
P 0.417 0.016 0.128 0.063 0.258 0.001

DM
OR 1.109 0.727 1.179 1.063 0.655 0.616
95% CI 0.648‑1.896 0.433‑1.218 0.792‑1.755 0.602‑1.878 0.340‑1.263 0.356‑1.067
P 0.706 0.225 0.417 0.832 0.207 0.084

Hyperlipidemia
OR 1.126 0.398 0.478 0.425 0.353 0.832
95% CI 0.669‑1.895 0.227‑0.699 0.310‑0.739 0.237‑0.763 0.178‑0.702 0.445‑1.557
P 0.654 0.001 0.001 0.004 0.003 0.565

IHD
OR 1.143 4.268 1.055 0.923 3.736 4.048
95% CI 0.459‑2.845 2.185‑8.338 0.514‑2.164 0.349‑2.444 1.461‑9.552 1.916‑8.549
P 0.775 <0.0001 0.885 0.872 0.006 <0.0001

Smoking
OR 1.338 1.209 0.830 0.620 0.903 1.457
95% CI 0.714‑2.508 0.650‑2.247 0.504‑1.366 0.316‑1.217 0.419‑1.946 0.749‑2.834
P 0.364 0.549 0.463 0.165 0.795 0.268

Chronic alcoholism
OR 1.413 1.251 1.055 1.099 1.215 1.105
95% CI 0.459‑2.845 0.661‑2.365 0.514‑2.164 0.547‑2.209 0.552‑2.674 0.559‑2.187
P 0.775 0.492 0.885 0.791 0.629 0.774

Prior stroke
OR 1.131 1.250 0.508 0.449 1.105 2.462
95% CI 0.652‑1.961 0.758‑2.063 0.322‑0.801 0.243‑0.829 0.578‑2.112 1.395‑4.348
P 0.661 0.382 0.004 0.010 0.762 0.002

ECLAA=Extracranial large artery atherosclerosis, ICLAA=Intracranial large artery atherosclerosis, CE=Cardioembolism, SVO=Small vessel occlusion, 
HTN=Hypertension, DM=Diabetes mellitus, IHD=Ischemic heart disease, OR=Odds ratio, CI=Confidence interval
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stroke patterns. High frequency of intracranial LAA while 
consistent with patterns in East Asian countries is lower than 
in the West. The lower frequency of SVO is unlike seen in 
East Asia while consistent with the West. Lower frequency of 
CE was observed in relation to the West but was comparable 
to other Asian countries. The reasons underlying this pattern 
of stroke subtypes in a South Asian registry are not clearly 
understood at present and may be potentially related to genetic, 
environmental, and vascular risk factors, requiring the need for 
further research in this direction. Awareness of stroke subtypes 
and their risk factors will be crucial in developing prevention 
strategies, proper management, and organization of health‑care 
services in India.
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