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Relationship between the ischemic stroke subtypes and risk

factors included clinical outcome from Prasat Neurological

Institute stroke registry

Krida Na Songkhla, MD.,
Tasanee Tantirittisak, MD.,
Suchat Hanchaiphiboolkul, MD.,
Yodkhwan Wattanasen, MD.

Prasat Neurological Institute

Corresponding author:
Krida Na Songkhla, MD.
Email: krida009 @ yahoo.com

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 (SAQO), 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.)

Key words: Stroke, Stroke subtypes, risk factors
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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. “"? 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

J Thai Stroke Soc: Volume 13 (1-2), 2014

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%).




Intravenous thrombolysis was given in 5% of
the patients. CE was the most common stroke subtype
that received intravenous 1t-PA (11.1%) followed by LAA
(8.3%) and SAO (1.6%). Low molecular weight heparin

(LMWH) was most frequently administered in patients

Table 1 Baseline characteristics of patients in our study

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]

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/m?)

<229 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))

J Thai Stroke Soc: Volume 13 (1-2), 2014
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Table 2 Relationship between risk factors, severity at baseline and stroke subtypes

Etiology of ischemic stroke*

Total
Parameter LAA n =48 CE n=18 SAO n =63 OD n =6 UND n=5 P
n =140
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
R ) 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
ange
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 (%) 354 50 38.1 33.3 60 39.3 0.689
Snoring (%) 41.7 55.6 46.0 16.7 80 457 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/m?)
<229 271 44 .4) 39.7 66.7 60 37.9
23-24.9 41.7 222 28.6 16.7 40 32.1 0.419
>25 31.2 33.3 31.7 16.7 0 30
NIHSS on admission
(median; interquartiles 7 (5-10) 6.5 (5-11) 4 (2-4) 7 (2.8, 18.5) 3 (2-3) 5(3-7.8) < 0.001
range)
mRS on admission
(median; interquartiles 4 (3-4) 4 (3-4) 2.6 (2-3) 4 (2-4) 3 (1.5-3) 3(2.3-4) < 0.001
range)
Bl on admission (median; 52.5 (36.3-
. . 62.5 (45-80) 67.5 (48.8-76.3) 85 (70-90) 90 (90-90) 75(60-90) < 0.001
interquartiles range) 92.5)

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

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

J Thai Stroke Soc: Volume 13 (1-2), 2014




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 5 (4-7) 8 (5-12) 4 (3-6) 8.5 (4.7-15.5)| 5 (4.5-5) 5(4-7) 0.001
range) d
Complication within 7 d, n (%)
Brain edema, n (%) 0 222 0 0 0 29 0.001
Hemorrhagic
2.1 22.2 0 0 0 3.6 0.004
transformation, n (%)
Gl bleeding, n (%) 8.3 5.6 0 16.7 0 43 0.051
Pneumonia, n (%) 6.2 1.1 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
31,661 42,831 25,210 34,927 27,192 29,338
Cost, baht
(25,666- (31,714- (21,623- (26,963- (26,285- (23,486- | < 0.001
(interquartiles Range)
40,046) 60,715) 30,165) 48,163) 29,834) 37,938)
Follow up 90 d
0-2, n (%) 66.7 471 95.2 33.3 100 77
mRS | 3, n (%) 16.7 235 4.8 16.7 0 11.5 < 0.001
4-5, n (%) 16.7 29.4 0 50 0 11.5
<25, n (%) 21 0 0 0 0 1
BI 25-95, n (%) 68.8 941 47.6 66.7 20 60.4 0.001
>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))

J Thai Stroke Soc: Volume 13 (1-2), 2014 7
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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
LMWH, % 0 83.3 1.6 50 0 13.6 <0.001
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 0 121

(*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)“, this prospective study found
that 45% of ischemic stroke was SAO subtype which is
the dominant subtype of ischemic stroke in Thailand® ©
whereas in Western countries, large thromboembolic
stroke is more prevalent."*”"¥ 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.* ™ 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% ©. 3 / 5 of UND patients

J Thai Stroke Soc: Volume 13 (1-2), 2014

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"® should benefit to detect
paroxysmal atrial fibrillation (PAF) in cryptogenic stroke.
Hypertension is a major risk factor for all stroke

(2, 7, 12, 15, 17)

subtype, some previous studies reported that

patients with SAO subtype tend to higher prevalence of

("2 However, the present study found that

hypertension.
the prevalence of hypertension is not different among
stroke subtypes which similar to some previous

18 A systematic review™ concluded that the

studies ¢
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

20,21

neuroprotection.®® Dyslipidemia is one of the most




@) more

important risk factors for vascular disease,
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

9 However, our study was not

hemorrhagic stroke.’
found any difference of the prevalence of diabetes and
dyslipidemia among stroke subtypes. Smoking is a strong
independent risk factor for ischemic stroke.®*” Our study
showed, smoking was less prevalent in patients with CE,
similar to previous study.® ™ The relationship between

alcohol consumption and ischemic stroke is uncertain.

®® Risk of stroke may increase in the hour after alcohol

(29 (19)

ingestion.*” Similar to a study,” we found that alcohol
consumption was not associated to stroke subtypes.
Although snoring is a risk factor for stroke through
hemodynamic and hematologic changes,® 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/m® is used to define normal,
overweight and obesity, respectively. Some studies
reported the association between increased BMI and risk

332 However, BMI was not associated to stroke

of 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®*. 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.® * Severity of stroke was a risk factor for

(38, 39) Similarly, the present study

medical complications.
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 access primary outcome at 90

to previous study.
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. *

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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lsanaanifanauadduudazsiaianuuanednsni msﬁﬂmﬁﬁq@ﬂizm@TLﬁ‘ammwuﬁuﬁuf
yaslsannanidansuosudazaiia fuiledoidns AUTULY MmN luszes B UUNAY AIZUNINTan
wazHam e Agnsdnsn unsdnsafialdienin annadougielianaeaioasuas
gasaantulszaninsnlasuunilszinnany TOAST stroke subtypes: small vessel atherosclerosis
(SAO), large vessel atherosclerosis (LAA), cardiac embolism (CE), other determined etiology (OD),
other undetermined etiology (UND) ﬁ]’mﬁ?uﬁ’l"iagammm’mﬁuﬁufﬂ’maﬁ@l@ﬂ‘ﬁ’ Fisher's Exact
Test W38 Kruskal-Wallis Test Han1s@nun fihsvionaa 140 aw (ioiauss 45, 34.3, 12.9, 4.3,
uaz 3.6 lasumsiuundszinnidu SAO, LAA, CE, OD, UND audndu WASWUIN81E) AT
289130 MITNB ANZUNTNTIU UaTHAN I NENFURUSIUTAavaslsAnaaalfianauaIfiuatn sl
fAIaha (p< 0.001) lsanaaaidaaanaisiia CE ﬁ@hmﬁwaamq median mﬂﬁq@ (68.5 1)
waziinzunindeuananadudy Aunsiiadaasenlundnaiisvaseansldiaes (Fouss 22)
ajd Dadudueny anuuusiveslsa 3EmSne wazkamIinnuadin Sanuuand1aniu
auriaveslsavaanidansuasdy doiunsSnmuaznsilasiuaisiasanauudazsiavas
lsanaanlRaaauadfiy
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Multimodal computed tomography of the brain
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Abstract

Multimodal computed tomography comprised of non-
contrast-enhanced computed tomography (NECT), perfusion computed
tomography (CTP) and computed tomography angiography (CTA) has
been increasingly used in research and clinical practice. CTP provides
information about cerebral blood flow status. CTP parameters consist of
cerebral blood volume (CBYV), cerebral blood flow (CBF) and mean
transit time (MTT). By gathering data from CTP parameters, penumbra
and core infarct might be predicted. CTA provides information about
vessel status, which may help in making decision about choices of
treatment, such as intravenous thrombolysis or endovascular treatment,

in patients with acute ischemic stroke. (J Thai Stroke Soc 2014; 13: 13-19.)

Keywords: Multimodal computed tomography, perfusion computed
tomography, computed tomography angiography, penumbra, acute

ischemic stroke

ﬁﬁlﬁgﬂuﬁmiﬁ’] multimodal computed tomography brain {1
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a [ § [ g; 6 a A 1
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Multimodal CT brain
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Non-contrast-enhanced computed
tomography (NECT)
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Wae underlying white matter ﬁ insula
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CT Angiography (CTA)
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Perfusion CT
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Brain perfusion imaging a:lﬁia%lmﬁmﬁu
regional cerebral hemodynamics 371N parameters
@199 lu perfusion CT ﬁ]ﬂ%"ﬁa;&aﬁvlﬁmn cerebral
blood flow (CBF), cerebral blood volume (CBV) Lag
mean transit time (MTT) wdszanauazlidayain
FNBILSI AL 1ALEaa (penumbra) w38 USLIM
TrusihazanalUuda (infarct)

Ya@vad perfusion CT Hafouiu perfusion
MRI &8 fiadas CT 19 uwswansunnin el
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wddaldeAafinnudusann ionizing radiation Was
contrast-induced nephropathy MsANENVa4 Hopyan
JJ uazame’Ligafiunisiie contrast-induced
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EounwauilaTunsvin CTA uas perfusion CT 198
aw wudufia CIN lugihodouas 2 LL@i"L&iﬁQ”ﬂwﬁ

famuudiiulialadasimiaduiiugasri dialysis
JaiNadneaengvas perfusion CT A8 limited brain
coverage (ﬁaﬂa regional cerebral hemodynamics ‘ﬁl
ledanunssnueIaued 11 ¥NBIRIW supratentorial
W 4 (4-8 cuts of CT) loudituas ) laglaniziaias
CT jwm LL@izTﬂ%m‘%aog'ulmi 256-slice CT %38
320-slice CT mmsn@"l,ﬁﬁy'muaa (whole-brain

coverage)

Perfusion CT Parameters »an < ﬁﬂﬁi§ letun

1. Cerebral blood flow (CBF) aziadIunmiaaa
fasrinuauasluafidinue nieo Usunm
Ben (%) Wlaswas 100 n¥w/ wift las CBF
=CBV/MTT

2. Cerebral blood volume (CBV) 21auIunm
Aoafiiuanes vie Ay USunmiden
(&%) 1 \ileauas 100 N3y

3. Mean transit time (MTT) Sawduszaziaanileln
msfidearuiioauasBanminmua [;;1/77 3

Perfusion

31/77'3 glfﬂvzfﬁwa’ié/ 75 T formsuanvrdiuwanesauussvasiaunawy 2 52 lusnauuilseneruia, CTP shows increased
MTT at right frontal, parietal and temporal area, corresponding to right MCA territory. CBV map shows decreased CBV at
right temporal lobe, some part of right frontal lobe. Area of MTT/CBV mismatch could represent penumbra as shown as green
in the perfusion map. CTA reveals right M1 segment of MCA occlusion.
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Abstract

It remains unclear why some patients with cardiovascular risk
factors develop stroke, whereas others with similar risk factor profiles
remain unaffected. Ischemic stroke can be a manifestation of a number
of single-gene disorders, and it is usually part of a multisystem disorder.
Previous studies strongly support a genetic predisposition to stroke, and
genetic association studies have shown that genetic risk factors appear
to predispose to specific stroke subtypes. However, identification of
individual causative mutations remains handicapped due to limited

number of currently available approaches. (J Thai Stroke Soc 2014; 13: 20-24.)
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A mini-review on genetics and ischemic stroke

Introduction

Ischemic stroke may manifest in the form of
thrombotic stroke; embolic stroke; watershed or
border zone stroke (systemic hypoperfusion); or venous
thrombosis. Whatever the cause is, compromised blood
supply to the brain is the primary event in 85-90% of
acute strokes. Large series have failed to identify a
definite cause in 25—-40% of patients with ischemic stroke,
depending on the quality and completeness of the
clinical workup'.

Stroke risk factors include hypertension,
smoking, diabetes mellitus, hyperlipidemia, and
coexistent heart disease such as atrial fibrillation.
It remains unclear why some patients with risk factors
develop stroke, whereas others with similar risk factors
remain unaffected. In addition, an underlying pathology

cannot be found in as many as 25-40% of patients with

Table 1 Mechanism of stroke in single-gene disorders

ischemic stroke®. The pathophysiology of ischemic
stroke is complex, involving excitotoxicity mechanisms,
inflammatory pathways, oxidative damage, ionic
imbalances, and apoptosis. The objective of this mini-
review is to summarize current status of genetics in

ischemic stroke.

Genetics and ischemic stroke

Ischemic stroke can be a manifestation of a
number of single-gene or monogenic disorders, and
it is usually part of a multisystem disorder. Although
classical forms of inheritance cannot be demonstrated,
epidemiological and animal studies strongly support a
genetic predisposition to stroke, and genetic association
studies have shown that genetic risk factors appear to
predispose to specific stroke subtypes.

1. Single-gene disorders
A large number of rare single-gene disorders

can cause stroke (Table 1)*7. Some of these result in

Stroke subtype/disorder

Key mechanism

Associated diseases

Remarks

Cardioembolic

Embolic phenomenon

Cardiomyopathies
Familial atrial myxomas

Familial dysrhythmias

Large-artery disease

Prothrombotic state

Metabolic

Homocysteinuria

Deficiency of several enzymes
- Cystathione b synthase (recessive)
- MTHFR (recessive)

Dyslipidemia Familial hypoalphalipoproteinaemia
Familial hypercholesterolemia
Small vessel disease Structural changes of CADASIL Familial vascular dementia
small penetrating - Non-arteriosclerotic, non-amyloid
arterioles supplying angiopathy of tunica media
deep white matter - Underlying gene: NOTCH3 (dominant)
and basal ganglia - Biopsy: concentric thickening of
arterial wall with extensive granular
eosinophilic material in media; and
reduplication of internal elastic lamina
CARASIL Underlying gene: HTRA1 (recessive)

COL4A1-related disorder
Autosomal dominant

retinal vasculopathy

Underlying gene: COL4A1 (dominant)
Underlying gene: TREX1
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Stroke subtype/disorder

Key mechanism

Associated diseases

Remarks

Hematological disorder

Prothrombotic state

Sickle cell disease
Protein S deficiency;
Protein C deficiency
Antithrombin Il deficiency
Activated protein C

resistance

Venous > arterial thrombosis

Venous > arterial thrombosis
A to G substitution at position 1691 of

the selective coagulation factor V

gene
- Commonest inherited cause for
venous thrombosis

- Risk for cerebral venous thrombosis

Mitochondrial disease Mitochondrial dysfunc-

tion

MELAS

Mutations in mitochondrial DNA
(maternal)

- Most commonly A to G transition at
position 3243 and T to C transition at
3271 of tRNA-leu gene

- Affects parieto-occipital region

Connective tissue Arterial dissection

disorder

Marfan syndrome

Ehlers-Danlos syndrome

Affects common carotid artery and

internal carotid artery

lon channel disorder Channelopathy

Familial hemiplegic

migraine

CADASIL: cerebral autosomal dominant arteriopathy with subcortical infarcts and leucoencephalopathy; MELAS:

mitochondrial encephalopathy, lactic acidosis and stroke-like episodes

stroke as part of a systemic disorder, whereas others only
cause clinical manifestations within the brain. These
disorders have been implicated in cases of stroke in young,
or in young or middle-aged adults lacking the usual risk
factors, especially in a setting of family history
of young-onset stroke. These can be grouped as
cardioembolic disorders, large artery disease; small
vessel disease; hematological disorders; mitochondrial
disorders; connective tissue disorders; and ion channel
disorders. Although rare, their diagnosis is important for
the individual and they may have important treatment
implications.

Recently, interesting progress has been on
small-vessel disease. The most common form of cerebral
small-vessel disease is CADASIL, resulting from
mutations in the NOTCHS3 gene®. Clinical manifestations

only occur within the brain where it causes recurrent

lacunar strokes, migraine with aura, depression and
early onset dementia. The mutations lead to abnormal
accumulation of cysteine residues in the extracellular
domain of NOTCHS in the vessels of patients, leading
to progressive white matter damage and reduced cerebral
blood flow. Confluent white matter hyperintensities on
magnetic resonance imaging are a key feature in
CADASIL. A recent study in 200 CADASIL patients
showed that cardiovascular risk factors, particularly
smoking and hypertension, were associated with an
earlier onset of stroke suggesting the importance of
gene—environmental interactions’.
2. Genetic factors of multifactorial ischemic stroke
Acute ischemic stroke may be the end result of
multiple pathological processes. As in other polygenic
traits, the genetic basis of ischemic stroke is likely to be

polygenic, with each gene conferring a small relative
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risk. Presence of several genes may have a synergistic
effect and increase the risk of disease in an additive
manner (a gene dose effect); or may help to interact and
modulate effects of other risk factors, like diet, smoking
or another gene.

Candidate genes in stroke are either: ones which
influence stroke risk; or ones which determine infarct size
after vessel occlusion. These are not mutually exclusive
and usually act by controlling vascular reactivity,
collateral supply, and neuronal response to ischemia.
They can be grouped as affecting hemostasis, renin—
angiotensin system, nitric oxide production, homocysteine
metabolism, and lipid metabolism (Table 2)**

Disappointing results from candidate gene

studies in stroke is common to many other complex

disorders. Important factors include small sample sizes,
and the failure to replicate associations which is
exacerbated by publication bias resulting in preferential
publication of positive associations®. In addition, many
studies have failed to subtype cases, or only do this
in a proportion of subjects, and therefore, have been
underpowered to examine associations with specific

stroke subtypes".

Conclusion

Though previous studies have implicated
genetic influences in the pathogenesis of multifactorial
ischemic stroke, identification of individual causative
mutations remains elusive due to limited number of

currently available approaches.

Table 2 Association studies evaluating multifactorial ischemic stroke

Group Gene Association
Hemostasis Activated protein C APC resistance: association in younger
cases; no association in middle-aged/
elderly
R-fibrinogen Increased
Factor VII No association
Factor V (Q506 Leiden) Mostly negative
Factor XIII Weak association with ICH
Platelet glycoprotein receptor polymorphism Increased in <50 years; no association
HPA2 in young women
VNTR variants of platelet vVWF No association
Renin—angiotensin system ACE Mostly negative
Angiotensin (M235T) Negative
Nitric oxide production eNOS (E298D) Negative
Homocysteine metabolism MTHFR (C677T) Negative

Cystathionine R-reductase

Lipid metabolism

apo B

apo Al/CllI

apoE (apo €2/€3/€4)

Lipoprotein lipase

Ischemic stroke >71 years, TIA:
positive for apo €4

Silent WM disease: risk factors = apo
€2/€3

Carotid AS: risk factors = apo €2/€3

Negative

ACE: angiotensin converting enzyme; APC: activated protein C; apo: apolipoprotein; eNOS: endothelial nitric oxide

synthase; HPA2: human platelet antigen 2; MTHFR: methyl tetrahydrofolate reductase; VNTR: variable number tandem

repeats; vVWF: von Willibrand Factor.
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Abstract

A 16-year-old woman presented with sudden onset of left
hemiparesis for 2.5 hours before arrival. She had no previous medical
illness. Her brain CT shows small right basal ganglion hemorrhage. The
further CT Angiography reveals severe stenosis at bilateral distal internal
carotid artery and proximal middle cerebral artery with Moyamoya
vessels. The direct revascularization was planned for prevent recurrent
of intracerebral hemorrhage and ischemic consequence.

(J Thai Stroke Soc 2014; 13: 25-29.)

Keywords: Stroke in the young, Moyamoya disease
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Physical examination

V/S:

GA:
HEENT:
Heart:
Lung:
Abdomen:
Skin:

NS:

J Thai Stroke Soc: Volume 13 (1-2), 2014

T 37 °c, P 65/ min, regular, BP 116/65 mmHg, RR 16 /min
alert, not pale, no jaundice, no edema
no wound at face, scalp, not pale conjunctivae, anicteric sclerae, no carotid bruit
normal S1 S2, no heart murmur
normal breath sound both lungs, no adventitious sound
soft, not tender, liver and spleen not palpable
no rash seen, no petichiae or ecchymosis
alert, follow to command (ﬂﬁ’mﬂLLa:ﬁm’JLLﬂaﬂT}s}ﬂﬁ), no aphasia
orientation to time, place, person
pupil 3 mm react to light both eyes, full EOM both eyes, no nystagmus,
no visual field defect, left facial palsy (UMN), no dysarthria,
uvular in midline, palatine move symmetrically, tongue no deviation,
Motor power — left hemiparesis grade 2/5, motor tone: flaccid left arm and leg
Sensation — intact
Deep tendon reflex 3+ all
BBK - plantar flexion both sides

Cerebellar signs - no truncal ataxia, FTN, RAM and HTK normal
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Cerebral venous thrombosis in a patient with group B

streptococcus meningitis
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Abstract

A 32-year-old woman presented with fever, headache and
alteration of consciousness. Group B streptococcus meningitis was
diagnosed. Day 7 after appropriate antibiotic, she deteriorated. Magnetic
resonance imaging and magnetic resonance venography was performed
and showed cerebral venous thrombosis and brain swelling. She was
treated with antibiotics and anticoagulant, and had clinical recovery

afterwards. (J Thai Stroke Soc 2014; 13: 30-35.)

Keywords: meningitis, group B streptococcus, cerebral venous

thrombosis
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Vital signs: BT 38.4°c, RR 48 /min, PR 74 bpm, BP 119/76 mmHg

GA: An Adult female, stuporous, not cooperative, not pale, no jaundice
HEENT: no ear discharge, tympanic membrane intact

Heart: normal S1 and S2, no murmur, regular rhythm

Lungs: clear, no adventitious sound

Abdomen: soft, not tender, no hepatosplenomegaly, no palpable mass
Extremity: old surgical scar at right thigh, 20 cm. long, no edema

Nervous system:

stuporous, not follow verbal command, stiffness of neck

pupils 3 mm both react to light, full range of eye movement, no nystagmus

no facial palsy, motor power at least grade IV+ all, DTRs 2+ all, absent BBK

'y A oA s
Wﬂn']im5’39”7\7743\71’§]Uﬁﬂ75!ﬂ3\7@7%

CBC: Hct 44.9%, WBC 13,300 (PMN 97.5%, Lymphocytes 2%), Platelet 96,000/mm® PT 13.9 seconds,
INR 1.17, PTT 39.2 seconds, PTT ratio 1.53, Cr 1.5 mg/dl, BS 113 mg/dl, Lactate > 12 mmol/L, Anti HIV:

non-reactive, Chest x-ray : unremarkable
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dexamethasone 10 JadNTW N9nABALABAGINN
6 F1lus niuisldrinmiasadiudeldnadsi
lnoisnaniitaasanad lnuanuRadnd nans
mnﬁﬂmﬁu%ﬁawu open pressure 40 cmH20, WBC
3,956 cell/mm3, PMN 99.8%, Mono 0.2% protein
740 mg/dL, sugar 2 mg/dL, India/AFB/Gram stain :
not found microorganism
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Hemoculture: group B Streptococcus (2 specimens),
cerebrospinal fluid (CSF) culture: group B
Streptococcus, transthoracic echocardiogram and
transesophageal echocardiogram: no evidence of
infective endocarditis, ultrasound abdomen: no
evidence of occult infection, gynaecologic evaluation
: no evidence of pelvic infection LLaZ cervical swab

culture WU moderate E.coli, sinus endoscope Taiww

WhadnIe abnormal discharge
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3 mm both react to light, eye deviated to right side,
motor power gr | all 33ld5Un1sAsIaLRNLEY
computed tomography (CT) brain with contrast Wy
Diffuse brain swelling, mild bilateral uncal and
tonsillar herniation, multiple hemorrhage foci at
bilateral frontal lobes, leptomeningeal enhancement
with hypodensity lesions at bilateral frontal lobes.
Filling defect along superior sagittal sinus was
observed. Venous sinus thrombosis is suspected.

[ 1]

3‘1/77 1 Computed tomography (CT) brain with contrast Wy
Diffuse brain swelling, with leptomengeal enhancement,
hypodensity lesions at bilateral frontal area (§nf13y1y) and

filing defect at anterior superior sagittal sinus (§Nf7%1141)
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magenetic resonance imaging (MRI)/ MR angiography
(MRA) LazMR venography (MRV) Lﬁlmau MRI/MRA/
MRV brain Wl partial venous sinus thrombosis involving
anterior part of superior sagittal sinus and left transverse
sinus. [31/1"7'2] Focal hemorrhagic infarction involving
bilateral frontoparietal regions, which is probably due

to partial venous sinus thrombosis. Early uncal

herniation, right ethmoid mucosal thickening is found.
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31/1"7 2 MR venography (MRV) Wy Partial venous sinus

thrombosis involving anterior part of superior sagittal sinus

and left transverse sinus (§1¢13)
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of anterior superior sagittal sinus and cortical
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The Annual Meeting of Thai Stroke Society

“Stroke Update towards
ASEAN Economic Community (AEC)”

8-10 October 2014

Main Auditorium Hall, 10" floor, Sixth Cycle Birthday of His Majesty the King Building, Phram

Wednesday 8 October 2014

07.30-08.20

Registration

08.20-08.30

Opening remarks
Senior Colonel Assoc. Prof. Samart Nidhinandana
President of Thai Stroke Society

08.30-10.00

Stroke risks management
Chair: Dr. Suchat Hanchaiphuboolkul
Co-chair: Dr. Kanokwan Watcharasaksilp

08.30-09.00

Blood sugar and BP control in acute stroke
Senior Colonel Assoc. Prof. Samart Nidhinandana
Phramongkutklao Hospital

09.00-09.30

Metabolic syndrome and stroke prevention
Prof. Chaicharn Deerochanawong, Rajavithi Hospital

09.30-10.00

Pharmacogenetic of antithrombotic: clinical point of view

Assoc. Prof. Chuthamanee Suthisrisang
Faculty of Pharmacy, Mahidol University

10.00-10.30

Coffee break and exhibition

10.30-12.00

Management of extra-intra cranial stenosis
Chair: Dr. Tasanee Tantirittisak
Co-chair: Colonel Dr. Chesda Udommongkol

10.30-11.00

Role of surgical revascularization in stroke prevention
Dr. Wattana Mahattanakul, Ramathibodi Hospital

11.00-11.30

Diagnosis and management of non-atherosclerotic
extra-intracranial stenosis

Professor Jong Sung Kim

Asan Medical Center, Seoul, South Korea

11.30-12.00

12.00-13.00

Moderator:
12.00-12.45

12.45-13.00

13.00-13.45
Moderator:
13.00-13.45

13.45-14.15
14.15-15.45

14.15-14.45

14.45-15.15

15.15-15.45

14.15-16.15

14.15-14.45

Latest information on intracranial atherosclerosis

Professor KS Lawrence Wong

The Chinese University of Hong Kong, Hong Kong
Luncheon symposium supported by
Thai Otsuka Pharmaceutical Co. Ltd.
Professor Disya Ratanakorn
Small vessel disease and beyond including role of
antiplatelets

Professor Jong Sung Kim

Asan Medical Center, Seoul, South Korea
Questions and answers

Educational grant supported by Bayer Thai Co. Ltd.
Professor Disya Ratanakorn

A new era in NOACs: Guidance, real-life practice and
interesting case on prevention of stroke in non-valvular
AF from neurologist’s perspective

Professor KS Lawrence Wong

The Chinese University of Hong Kong, Hong Kong
Coffee break and exhibition

“Neuroimaging symposium”
Co-organized by Neurosonology Group of Thailand
Chair: Professor Disya Ratanakorn
Co-chair: Dr. Chanpong Tangkanakul
Neurosonology in acute stroke
Dr. Jesada Keandoungchun
Ramathibodi Hospital

Rational use and interpretation of multimodal CT/MRI
in acute stroke

Assoc. Prof. Jiraporn Laothamatas, Ramathibodi Hospital
Diffusion tensor imaging in stroke and
vascular cognitive impairment

Dr. Yuttachai Likitjaroen
King Chulalongkorn Memorial Hospital

“Stroke nurse symposium”

Co-organized by Stroke Nurse Group of Thailand
Chair: Ms. Ms. Puanpaka Panyo, Phyathai 1 Hospital
Co-chair: Mrs.Supapanrat Khumhom
King Chulalongkorn Memorial Hospital

Best practice of general care in stroke unit
Dr. Kanokwan Watcharasaksilp
Maharaj Nakorn Chiang Mai Hospital

For further information, please contact

Thai Stroke Society

14.45-15.05

15.05-15.25

15.25-15.45

15.45-16.15

07.30-08.30

Emergency nursing management for patients with
hyperacute Stroke

Mrs. Supapanrat Khumhom
King Chulalongkorn Memorial Hospital

Critical nursing management for patient with stroke
Ms. Puanpaka Panyo, Phyathai 1 Hospital

Recovery management for patients with
post-acute stroke

Mrs. Duanduen Fuyemee, Prasat Neurological Institue
Acute stroke referral and networking system
Mrs. Urai Kommarg, Thammasat Hospital

Registration

08.30-10.00

Organizing stroke care
Chair: Assist. Prof. Kiatsak Rajborirug
Co-chair: Assist. Prof. Sombat Muengtaweepongsa

08.30-09.00

Certified stroke center in Thailand

Dr. Chanpong Tangkanakul
Brain Center, Bangkok General Hospital

09.00-09.30

Network and system of care in real world
Dr. Thanin Lokeskrawee, Lampang Hospital

tklao Hospital, Bangkok, Thailand

Friday 10 October 2014

07.30-08.30

Registration

08.30-10.00

Update in intracranial hemorrhage
Chair: Senior Colonel Assoc. Prof. Samart Nichinandana
Co-chair: Dr. Jesada Keandoungchan

08.30-09.00

Cerebral Microbleeds

Professor Nijasri Charnnarong Suwanwela
King Chulalongkorn Memorial Hospital

09.00-09.30

Subarachnoid hemorrhage: how to approach and manage

Assoc. Prof. Rungsak Siwanuwatn
King Chulalongkorn Memorial Hospital

09.30-10.00

Update clinical trials and medical treatment of
intracerebral hemorrhage

Assoc. Prof. Dr. Andrew Lee

Flinders Medical Centre and the Southern LHN, Australia

10.00-10.30

Coffee break/ Annual member meeting of the Thai
Stroke Society

Awards for oral and poster presentations Honorary
awards for past TSS committee

10.30-12.00

Stroke syndrome and management strategies
Chair: Professor Nijasri Charnnarong Suwanwela
Co-chair; Assist. Prof. Yongchai Nilanont

10.30-11.00

Controversies in PFO
Assoc. Prof. Dr. Andrew Lee
Flinders Medical Centre and the Southern LHN, Australia

09.30-10.00

What does it mean to provide comprehensive level
stroke center care?

Professor Disya Ratanakorn, Ramathibodi Hospital

11.00-11.30

Stroke prevention in cryptogenic stroke

Professor Disya Ratanakorn
Ramathibodi Hospital

10.00-10.30

Coffee break and exhibition

10.30-12.00

Thrombolysis and beyond

Chair: Assoc. Prof. Pornpatr A. Dharmasaroja
Co-chair: Dr. Aurauma Chutinet

10.30-11.00

Hemodynamic therapies for stroke
Dr. Sureerat Suwatcharangkoon, Ramathibodi Hospital

11.00-11.30

Patient selection and current status of endovascular
treatment in acute stroke

Assoc. Prof. Thomas WH Leung

The Chinese University of Hong Kong, Hong Kong

11.30-12.00

12.00-13.00

Moderator:
12.00-12.45

12.45-13.00
13.00-13.45

Moderator:
13.00-13.45

13.45-14.15
14.15.14.45

Current and future of recanalization strategies
in acute stroke

Professor Hans-Christoph Diener
University Hospital Essen
Luncheon symposium supported by
Boehringer Ingelheim (Thai) Ltd.
Professor Disya Ratanakorn
Stroke Prevention in atrial fibrillation:
An Asian Perspective

Professor Hans-Christoph Diener
University Hospital Essen

Questions and answers

Educational grant supported by
Eisai (Thailand) Marketing Co. Ltd.
Professor Disya Ratanakorn

Current concepts of vascular cognitive impairment
and the role of acetylcholinesterase inhibitors

Assoc. Prof. Christopher Chen
National University Hospital, Singapore
Coffee break and exhibition
New antiplatelets in stroke and polyvascular disease
Assist. Prof. Yongchai Nilanont, Siriraj Hospital

14.45-16.15
Moderator:

Free paper presentation (Medical)

Dr. Suchart Hancahiphiboolkul

Prasat Neurological Institute

Assist. Prof. Yongchai Nilanont, Siriraj Hospital

Free paper presentation (Nursing)

Dr. Tanyaluk Bunlikitkul, King Chulalongkorn Memorial Hospital
Dr. Sumolchat Duangbubpha, Ramathibodi Hospital

Miss Sununtha Sawanpanyalert, Bangkok Medical Center

Khun Rachadaporn Purahong

Tel: (668) 7906 0147 or (662) 354 7075 ext 2243
thaistrokesociety@gmail.com

11.30-12.00

12.00-13.00

Moderator:
12.00-12.45

12.45-13.00
13.00-14.30

Management of vertebro-basilar steno-occlusion
Assoc. Prof. Thomas WH Leung
The Chinese University of Hong Kong, Hong Kong
Luncheon symposium supported by
Sanofi-Aventis (Thailand) Ltd.
Professor Disya Ratanakorn
Role of combined antiplatelets in acute stroke and
high risk stroke patients
Assoc. Prof. Dr. Andrew Lee
Flinders Medical Centre and the Southern LHN, Australia
Questions and answers
Post stroke checklists: vascular cognitive
impairment, depression, spasticity
Chair: Assist. Prof. Sombat Muengtaweepongsa
Co-chair: Colonel Dr. Chesda Udommongkol

13.00-13.30

How to screen for and assess cognitive impairment and
dementia after stroke

Assoc. Prof. Christopher Chen

National University Hospital, Singapore

13.30-14.00

Treatment strategies in post stroke spasticity

Prof, Areerat Suputtitada
King Chulalongkorn Memorial Hospital

14.00-14.30

Update in post-stroke pain and depression
Assoc. Prof. Pornpatr A. Dharmasaroja
Thammasat Hospital

14.30-15.30
Moderator:
Discussants:

Unusual stroke cases discussion

Dr. Chesda Udommongkol & Dr. Aurauma Chutinet
Senior Colonel Assoc. Prof. Samart Nidhinandana
Professor Disya Ratanakorn
Professor Nijasri Charnnarong Suwanwela
Assist. Prof. Yongchai Nilanont

Closing remarks
Senior Colonel Assoc. Prof. Samart Nidhinandana
President of Thai Stroke Society

Call for Abstracts (250 words)
Submit to thaistrokesociety@gmail.com
Deadline for submission : 15 September 2014
Early registration : before 30 September 2014

Printing supported by

o Ofsuka
Thai Otsuka Pharmaceutical Co, Ltd.
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Cilostazol for prevention of secondary stroke (CSPS 2):
irin-controlled, double-blind, randomized non-inferiority trial

Cilostazol is more effective
than aspirin for secondary
stroke prevention hased on
CSPS Il study
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