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Background and Purpose - The etiologies of ischemic stroke affect 

prognosis, outcomes and treatments of patients. The objective of this 

study is to look for the differences in risk factors, stroke severities,  

complications, treatments and prognosis in each stroke subtype.

Methods - We prospectively studied 140 consecutive patients with acute 

ischemic stroke [37.9% women, median age of 61.5 (53-72) years] from 

June, 2013 to August, 2013. All patients were categorized by TOAST 

(Trial of Org 10172 in Acute Stroke Treatment) stroke subtypes, based on 

the MRI Imaging; Small vessel Atherosclerosis (SAO), Large vessel 

Atherosclerosis (LAA), Cardiac Embolism (CE), Other Determined  

etiology (OD) and other Undetermined etiology (UND).

Results - This study found that the age, severity, complications, treatment 

strategies, costs and outcomes were significantly different in each subtype 

of stroke (p< 0.001). SAO (45%) was most often found in our study. 

Patients with CE were older (68.5 years old) than those with other  

subtypes and patients with OD were the youngest (mean age of 39). 

Prevalence of obesity (33.3%), complications and also higher cost were 

found more common in patients with CE than those of SAO and LAA. 

The treatments with intravenous thrombolytic (11.1%) and anticoagulant 

(83.3%) were prescribed more common in patients with CE. The good 

clinical outcome (mRS 0-2) was more often found in SAO subtype than 

in LAA and CE subtype. 

Conclusions - Risk factor profiles, treatment, clinical outcome and  

prognosis of each stroke subtype are different. Treatments and prevention 

should be optimized for each subtype.

(J Thai Stroke Soc 2014; 13: 3-12.)
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Introduction
	 Stroke registry is a valuable tool for obtaining 

information on epidemiology, clinical course, and  

diagnostic evaluation of stroke patients and can help to 

assess the efficacy of their treatments and functional 

outcomes. Prasat Neurological Institute has created stroke 

registry since June 2013 to collect the database of all 

patients with acute/ subacute ischemic stroke and transient 

ischemic attack (TIA) who were treated at Prasat  

Neurological Institute (PNI).

	 The important etiologies of ischemic stroke  

are large-artery atherosclerosis (macroangiopathy),  

cardioembolism, and cerebral small-vessel disease  

(microangiopathy). Other causes of ischemic stroke  

are cervical artery dissection, cerebral vasculitis,  

coagulopathies, hematologic disorders, and others. The 

differences in causes may affect the differences in  

severity, treatments and outcomes of the patients.  

However, the relationships of stroke risk factors, clinical 

course and stroke subtypes are varies in many Asian 

studies. (1-3) This study aims to determine the relationships 

of risk factors, severity, acute treatment strategies,  

complications and clinical outcomes in each stroke  

subtype.

Subjects and Methods
	 One hundred and forty patients with acute  

stroke who had stroke symptoms within 7 days were 

prospectively studied from 1st June, 2013 to 31th August. 

2013. All of the patients received MRI brain examination 

within 72 hours after admission. Carotid duplex  

sonography, an ECG and/or ECG monitoring, basic blood 

tests, and additional laboratory investigations were done 

as required. Each patient was classified into one of five  

major ischemic stroke subtypes by using  TOAST (Trial  

of Org 10172 in Acute Stroke Treatment) criteria based 

on the MRI imaging into Small vessel Atherosclerosis 

(SAO), Large vessel Atherosclerosis (LAA), Cardiac 

Embolism (CE), Other Determined etiology (OD), other 

Undetermined etiology (UND) by the agreement of a 

radiologist and a neurologist. Severity of stroke was 

evaluated by the National Institutes of Health Stroke 

Scale (NIHSS). The clinical outcome was evaluated by 

the modified Rankin Scale (mRS) and Barthel Index Scale 

(BI) at three months follow up.

Data Evaluation and Statistics
	 Continuous variables are presented as median 

and interquartile. Categorical variables are presented as 

percentages. Comparisons of categorical variables  

between all subtypes were analyzed with Fisher’s Exact 

Test. Kruskal-Wallis Test was used to determine the 

association of these factors with the ischemic stroke 

subtypes.

Results
	 A total of 140 ischemic stroke patients who were 

admitted during June,2013 to August, 2013 were included 

in this study. Of these patients, 53 were women and 87 

were men, and had median age of 61.5 years (interquartile 

range 53-72). [Table 1] Small vessel atherosclerosis 

(SAO) was the most common cause of stroke (n=63, 

45%), followed by LAA (n=48, 34.3%), CE (n=18, 12.9%), 

OD 6 (4.3%), and UND 5 (3.6%) respectively. Age  

distribution differed significantly between etiologic  

subtypes (p<0.001). CE, LAA, SAO had higher median 

age (68.5, 62, 60 years respectively) however UND and 

OD had lower median age (49, 39 years). [Table 2]

	 Baseline characteristics of the patients classified 

by stroke subtypes were presented in Table 2. Patients 

with LAA and OD had more severe neurological deficit 

(median NIHSS of 7) than those with SAO (median 

NIHSS of 4) and UND (median NIHSS of 3). Within the 

first week, brain edema and secondary parenchymal 

hemorrhage was more commonly found in CE (22.2%). 

Pneumonia and upper gastro-intestinal bleeding were 

more prevalent in OD (16.7%).[Table 3] The median cost 

of treatment was highest in CE (42,830 baht) and lowest 

in SAO (25,210 baht). The good outcome at 90 days 

follow up (mRS 0 to 2) was most frequently found in 

patients with UND (100%) and SAO (95.2%), whereas a 

poor outcome (mRS 4 to 5) was prevalent in patients 

with OD (50%), followed by those with CE (29.4%) and 

LAA (16.7%).
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	 Intravenous thrombolysis was given in 5% of 

the patients. CE was the most common stroke subtype 

that received intravenous rt-PA (11.1%) followed by LAA 

(8.3%) and SAO (1.6%). Low molecular weight heparin 

(LMWH) was most frequently administered in patients 

with CE (83.3%) and OD (50%) but rarely prescribed in 

SAO (1.6%). Oral anticoagulant for long-term secondary 

prevention was administered in patients with CE (94.4%). 

Antiplatelet was subscribed in all patients with LAA, 

SAO, OD, and UND for secondary prevention. [Table 4]

Table 1 Baseline characteristics of patients in our study

Male (n=87) Female (n=53) Total

Age, years, median (interquatile range) 60 (53-72) 63 (51-72) 140

Previous stroke, (%) 27.6 22.6 36

Previous TIA, (%) 8 0 7

Hypertension, (%) 64.4 67.9 92

Diabetes, (%) 34.5 30.2 46

Dyslipidemia, (%) 57.5 77.4 91

Current smoking, (%) 64.4 26.4 70

Daily alcohol consumed, (%) 52.9 17 55

Snoring, (%) 56.3 28.3 64

Coronary heart disease, (%) 6.9 5.7 9

Cardiac arrhythmia, (%) 12.6 11.3 17

Internal carotid stenosis, (%) 6.9 3.8 8

BMI, (kg/m2)

  ≤ 22.9 40.2 34 53

  23-24.9 22.9 35.8 45

  ≥25 29.9 30.2 42

TOAST classification*

  LAA (%) 70.8 29.2 48

  CE (%) 66.7 33.3 18

  SAO (%) 55.6 44.4 63

  OD (%) 50 50 6

  UND (%) 60 40 5

(*Small vessel Atherosclerosis (SAO), Large vessel Atherosclerosis (LAA), Cardiac Embolism (CE), Other Determined 

etiology (OD) and other Undetermined etiology (UND))
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Table 2 Relationship between risk factors, severity at baseline and stroke subtypes

Etiology of ischemic stroke*

Parameter LAA n =48 CE n=18 SAO n =63 OD n =6 UND n=5
Total 

n =140
P

Total group (%) 34.3 12.9 45 4.3 3.6 100 ---

Female (%) 29.2 33.3 44.4 50 40 37.9
0.498

Male (%) 70.8 66.7 55.6 50 60 62.1

Age, y (interquartiles 
Range)

62 (54.25-74.0) 68.5(51.25-71.5) 60 (55-72) 49 (48-66) 39 (31-66) 61.5(53-72) <0.001

Previous stroke (%) 22.9 27.8 27 33.3 20 25.7 0.948

Previous TIA (%) 6.2 0 3.2 33.3 0 5 0.086

Hypertension (%) 79.2 66.7 57.1 66.7 40 65.7 0.089

Diabetes (%) 39.6 33.3 30.2 33.3 0 32.9 0.510

Dyslipidemia (%) 62.5 61.1 68.3 50.0 80 65 0.808

Current smoking (%) 60.4 33.3 44.4 66.7 60 50 0.220

Daily alcohol consumed (%) 35.4 50 38.1 33.3 60 39.3 0.689

Snoring (%) 41.7 55.6 46.0 16.7 80 45.7 0.272

Coronary heart disease (%) 8.2 11.1 4.8 0 0 6.4 0.748

Cardiac arrhythmia (%) 0 88.9 1.6 0 0 12.1 < 0.001

Internal carotid stenosis (%) 14.6 0 1.6 0 0 5.7 0.059

BMI(kg/m2)

  ≤ 22.9 27.1 44.4) 39.7 66.7 60 37.9

0.419  23-24.9 41.7 22.2 28.6 16.7 40 32.1

  ≥25 31.2 33.3 31.7 16.7 0 30

NIHSS on admission 
(median; interquartiles 
range)

7 (5-10) 6.5 (5-11) 4 (2-4) 7 (2.8, 18.5) 3 (2-3) 5(3-7.8) < 0.001

mRS on admission 
(median; interquartiles 
range)

4 (3-4) 4 (3-4) 2.6 (2-3) 4 (2-4) 3 (1.5-3) 3(2.3-4) < 0.001

BI on admission (median; 
interquartiles range)

62.5 (45-80) 67.5 (48.8-76.3) 85 (70-90)
52.5 (36.3-

92.5)
90 (90-90) 75(60-90) < 0.001

(*Small vessel Atherosclerosis (SAO), Large vessel Atherosclerosis (LAA), Cardiac Embolism (CE), Other Determined 

etiology (OD) and other Undetermined etiology (UND))
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Table 3 Length of hospital stay, complications, cost and outcomes

Parameter LAA n=48 CE n=18 SAO n=63 OD n=6 UND n=5 Total n=140 P

Length of stay 

(median; interquartiles 

range) d

5 (4-7) 8 ( 5-12) 4 (3-6) 8.5 (4.7-15.5) 5 (4.5-5) 5(4-7) 0.001

Complication within 7 d, n (%)

Brain edema, n (%) 0 22.2 0 0 0 2.9 0.001

Hemorrhagic  

transformation, n (%)
2.1 22.2 0 0 0 3.6 0.004

GI bleeding, n (%) 8.3 5.6 0 16.7 0 4.3 0.051

Pneumonia, n (%) 6.2 11.1 0 16.7 0 4.3 0.038

UTI, n (%) 6.2 0 3.2 0 20 4.3 0.303

MI, n (%) 0 5.6 0 0 0 0.7 0.207

Cost, baht  

(interquartiles Range)

31,661 

(25,666-

40,046)

42,831 

(31,714-

60,715)

25,210 

(21,623-

30,165)

34,927 

(26,963-

48,163)

27,192 

(26,285-

29,834)

29,338 

(23,486-

37,938)

< 0.001

Follow up 90 d

mRS

 0-2, n (%) 66.7 47.1 95.2 33.3 100 77

< 0.0013, n (%) 16.7 23.5 4.8 16.7 0 11.5

4-5, n (%) 16.7 29.4 0 50 0 11.5

BI

<25, n (%) 2.1 0 0 0 0 1

0.001 25-95, n (%) 68.8 94.1 47.6 66.7 20 60.4

 >95, n (%) 29.2 5.9 52.4 33.3 80 38.8

(*Small vessel Atherosclerosis (SAO), Large vessel Atherosclerosis (LAA), Cardiac Embolism (CE), Other Determined 

etiology (OD) and other Undetermined etiology (UND))
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Table 4 Association between treatments and ischemic stroke subtypes

Etiology of ischemic stroke

LAA n =48 CE n =18 SAO n =63 OD n =6 UND n =5 Total n =140 P value

Previous treatments

antiplatelet, % 100 60 95 100 100 92.1
0.14

warfarin, % 0 11.1 1.6 0 0 2.1

Acute treatments

tPA, % 8.3 11.1 1.6 0 0 5

<0.001LMWH, % 0 83.3 1.6 50 0 13.6

antiplatelet, % 91.7 5.6 96.8 50 100 81.4

Secondary prevention

antiplatelet, % 100 0 100 100 100 87.3
<0.001

warfarin, % 0 94.4 0 0 0 12.1

(*Small vessel Atherosclerosis (SAO), Large vessel Atherosclerosis (LAA), Cardiac Embolism (CE), Other Determined 

etiology (OD) and other Undetermined etiology (UND))

Discussion
	 By TOAST classification (Trial of Org 10172 in 

Acute Stroke Treatment)(4), this prospective study found 

that 45% of ischemic stroke was SAO subtype which is 

the dominant subtype of ischemic stroke in Thailand(5, 6)   

whereas in Western countries, large thromboembolic 

stroke is more prevalent.(1, 2, 7-14)  Age and atrial fibrillation 

were significant differences among stroke subtypes (p< 

0.001). The patients with CE subtype had atrial fibrillation 

and were older which was quite similar as compared to 

previous studies.(8, 15) In cases of DWI/MRI image  

who showed multiple restriction of diffusion spots at  

bilateral hemisphere, however there were no  

cardioembolic risk factors or other cause, despite the 

extensive evaluations such as routine EKG monitoring, 

transthoracic echocardiography  (TTE) with/without 

saline bubble test, transesophageal echocardiography 

(TEE), were usually classified into UND subtype. The 

prevalence of UND subtype in our study was 3.6%,  

similar to Siriraj series 4.1% (6). 3 / 5 of UND patients 

were young and no definite causes of stroke were found 

despite complete investigations. The other 2 UND patients 

had emboli at bilateral hemisphere on DWI/MRI and  

no causes had been found. However, continuous  

cardiac telemetry monitoring(16) should benefit to detect 

paroxysmal atrial fibrillation (PAF) in cryptogenic stroke.  

Hypertension is a major risk factor for all stroke  

subtype,(2, 7, 12, 15, 17) some previous studies reported that 

patients with SAO subtype tend to higher prevalence of 

hypertension.(7, 12, 15) However, the present study found that 

the prevalence of hypertension is not different among 

stroke subtypes which similar to some previous  

studies (11, 18). A systematic review(19) concluded that the 

excess of hypertension in lacunar stroke compared with 

nonlacunar stroke was mainly due to bias because many 

of the studies included hypertension in the definition of 

ischemic stroke subtypes. Diabetes is another stroke  

risk factor which can cause elevated coagulation  

factors, hyperinsulinemia and depletion of microvascular 

neuroprotection.(20,21) Dyslipidemia is one of the most 
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important risk  factors for vascular disease,(20) more  

common in cardiovascular disease (CAD) than  

cerebrovascular disease (CVD). There are strong  

associations of large vessel atherosclerosis and low HDL 

cholesterol levels. Higher HDL cholesterol levels  

decreased risk of ischemic stroke and the lowest levels 

of total cholesterol associated with increased risk of 

hemorrhagic stroke.(22-24)  However, our study was not 

found any difference of the prevalence of diabetes and 

dyslipidemia among stroke subtypes. Smoking is a strong 

independent risk factor for ischemic stroke.(25-27) Our study 

showed, smoking was less prevalent in patients with CE, 

similar to previous study.(9, 12) The relationship between 

alcohol consumption and ischemic stroke is uncertain. 
(28) Risk of stroke may increase in the hour after alcohol 

ingestion.(29) Similar to a study,(19) we found that alcohol 

consumption was not associated to stroke subtypes.  

Although snoring is a risk factor for stroke through  

hemodynamic and hematologic changes,(30)  present study 

was not found the relationship of snoring and stroke 

subtypes. Carotid stenosis (50-75% stenosis by flow 

criteria) was found 14.6% for LAA subtype. 1.6% of  

patients with SAO had asymptomatic carotid stenosis. 

The Body Mass Index (BMI) is a measure for human 

body shape based on an individual’s mass and height 

which has the international variation. For Thai people, 

BMI ≤22.9, 23-24.9,  ≥25 kg/m2 is used to define normal, 

overweight and obesity, respectively. Some studies  

reported the association between increased BMI and risk 

of stroke.(31, 32) However, BMI was not associated to stroke 

subtypes in present study.

	 Severity, complications, length of stay (LOS), 

cost and outcome were significant different (p<0.05) 

among stroke subtypes in our study.  Several studies 

showed that patients with CE subtype had more severe 

stroke than others(33-35). However, present study revealed 

median NIHSS on admission of LAA, CE and OD subtype 

were similar (7, 6.5, 7 respectively) however, more than 

those of SAO and UND subtype (4, 3 respectively). The 

prevalence of OD subtype in our study was 4.3% (6 

patients; internal carotid artery dissection in 3 patients, 

vertebral artery dissection in 2 patients, Takayasu in a 

patient). All of OD stroke subtype patients in our study 

were extracranial large arteries disease which gave more 

severities. The present study found that brain edema  

and hemorrhagic transformation were significant  

different among stroke subtypes and more frequent in  

CE subtype. The pathological mechanisms are due to 

large infarction and recanalization after occlusion of large 

vessels.(36, 37) Severity of stroke was a risk factor for 

medical complications. (38, 39) Similarly, the present study 

showed that pneumonia was found more common in 

patients with CE and OD subtype (11.1, 16.7% respectively) 

which was significant difference among stroke subtypes 

(p=0.038). Cost of treatment and LOS were also significant 

difference among stroke subtypes and depended on the 

severity of stroke, least in SAO subtype which was similar 

to previous study.(40) To access primary outcome at 90 

days we used standard neurological score as BI, mRS to 

evaluate independence (mRS ≤2, BI >95), and dependence 

(mRS ≥3, BI ≤95).(15, 42) Similarly, the present result 

showed significant different outcome among stroke  

subtype, patients with SAO and UND subtype which had 

less severe stroke on admission had more proportion of 

independence.(15, 40)

	 Acute treatments and secondary prevention were 

significant difference among stroke subtypes (p<0.001). 

For acute treatment, thrombolytic treatment was frequently 

used in CE, LAA subtype (11.1, 8.3 % respectively).  

Anticoagulant was prescribed in the highest rate of in 

those with CE which represented good quality treatment 

strategies.

	 In conclusion, our result suggested that age, 

severity, treatment, clinical outcome of each ischemic 

stroke subtypes are not the same. Treatment as well as 

prevention should be optimized for each subtype.  

However, further studies with more sample size may give 

more information.
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บทคัดย่อ
	       โรคหลอดเลือดสมองตบีแต่ละชนดิมีความแตกต่างกัน การศกึษานีมี้จดุประสงค์เพือ่หาความสมัพนัธ์

ของโรคหลอดเลือดสมองแต่ละชนดิ กับปัจจยัเส่ียง ความรุนแรง การรักษาในระยะเฉยีบพลัน ภาวะแทรกซ้อน 

และผลการรักษา วิธีการศึกษา เป็นการศึกษาชนิดไปข้างหน้า จากทะเบียนผู้ป่วยโรคหลอดเลือดสมอง 

ของสถาบันประสาทวิทยาโดยแยกประเภทตาม TOAST stroke subtypes: small vessel atherosclerosis 

(SAO), large vessel atherosclerosis (LAA), cardiac embolism (CE), other determined etiology (OD), 

other undetermined etiology (UND) จากนั้นน�ำข้อมูลมาหาความสัมพันธ์ทางสถิติโดยใช้ Fisher’s Exact 

Test หรือ Kruskal-Wallis Test ผลการศึกษา ผู้ป่วยทั้งหมด 140 คน  ผู้ป่วยร้อยละ 45, 34.3, 12.9, 4.3, 

และ 3.6 ได้รับการจ�ำแนกประเภทเป็น SAO, LAA, CE, OD, UND ตามล�ำดับ และพบว่าอายุ ความรุนแรง

ของโรค การรักษา ภาวะแทรกซ้อน และผลการรักษาสัมพนัธ์กับชนดิของโรคหลอดเลือดสมองตบีอย่างมีนยั

ส�ำคัญทางสถิติ (p< 0.001) โรคหลอดเลือดสมองชนิด CE มีค่าเฉลี่ยของอายุ median มากที่สุด (68.5 ปี) 

และมีภาวะแทรกซ้อนจากสมองบวม กับการเกิดเลือดออกในบริเวณท่ีมีสมองตายได้บ่อย (ร้อยละ 22)  

สรุป ปัจจัยด้านอายุ ความรุนแรงของโรค วิธีการรักษา และผลการรักษาทางคลินิก มีความแตกต่างกัน 

ตามชนิดของโรคหลอดเลือดสมองตีบ ดังนั้นการรักษาและการป้องกันควรพิจารณาตามแต่ละชนิดของ 

โรคหลอดเลือดสมองตีบ


