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intracranial hemorrhage (sICH) is the most serious adverse 
event in acute stroke patients who received i.v. rt-PA and is 
usually associated with poor outcomes.[12] First introduced by 
European Cooperative Acute Stroke Study (ECASS) II trial, 
definition of sICH is “clinical deterioration causing an increase 
in the National Institutes of Health Stroke Scale (NIHSS) score 
of ≥4 points and whether the hemorrhage was likely to be the 
cause of the clinical deterioration”.[13] According to sICH per 
ECASS II criteria, sICH in Thai population is around 2-6%.[8,9,14]

The SEDAN score is built up to predict sICH per ECASS II 
consisting of 5 parameters: Baseline blood glucose 8.1 to 12.0 
mmol/L = 1 point and >12.0 mmol/L = 2 points, early infarct 
signs on baseline computed tomography (CT) = 1 point, 
hyperdense cerebral artery sign = 1point, age >75 years = 1 
point, and baseline NIHSS score ≥10 = 1 point.[15] External 
validation of SEDAN score by retrospective data from Safe 
Implementation of Treatments in Stroke (SITS)–International 
Stroke Thrombolysis Register (ISTR) showed moderately 
predictive value for sICH per ECASS II.[16] We aim to externally 
validate the SEDAN score in Thai patients from single center 
in the real world practice.

Introduction

Stroke is the leading cause of adult disability particularly in 
elderly and remains the third most common cause of death in 
developing world[1] as well as in Thailand.[2,3] Unfortunately, a 
few interventions have been approved for improving outcomes 
of acute ischemic stroke.[4,5] Among those interventions, 
intravenous recombinant tissue plasminogen activator (i.v. 
rt-PA) given within 4.5 hours after the onset of ischemic 
stroke is the biggest milestone.[6,7] The benefit of i.v. rt-PA in 
acute ischemic stroke has also been reported in Thailand[8,9] 
as well as in other developing countries.[10,11] Symptomatic 
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Materials and Methods

Patients
Thammasat University Hospital is a 460-beds hospital with a 
Stroke Unit. The acute stroke service with integrated referral 
network was established in October 2007. There were two major 
pathways for the acute stroke patients to achieve the acute 
stroke system: Referred from outside hospitals of acute stroke 
network or walk-in. There were 1,583 patients admitted with 
acute ischemic stroke in Stroke Unit of Thammasat University 
Hospital from January 2010 to June 2012. One thousand two 
hundred and seventy patients were sorted out because of 
untreated with i.v. rt-PA. Six patients refused for treatment. 
Twelve patients were treated by endovascular therapy. 
Remained 295 patients were treated with i.v. rt-PA during 
4.5 hours time window (as shown below) Figure 1.

Definition
Symptomatic intracranial hemorrhage (sICH) was defined 
by patient who had clinical deterioration causing an increase 
in the NIHSS score of more than or equal to 4 points and 
if the hemorrhage was likely to be the cause of the clinical 
deterioration (per the ECASS, II).

Early infarct signs included hypoattenuation comprising <1/3 
of middle cerebral artery or other area which was the cause 
of ischemic stroke or obscuration of the lentiform nucleus or 
loss of insular ribbon or obscuration of the Sylvian fissure or 
cortical sulcal effacement.

Statistical analysis
Data were recorded in computer with Microsoft excel, analyzed 
with software Statistical Package for the Social Sciences (SPSS) 
version 16.0, data of the participating patients were kept 
confidentially in accordance with the rule of human research 
ethic. The variables of this study had the form of continuous 
variables and discrete variables. Compiling demographic data, 
risk factors, and co-morbidity, CT scan of patients prior to 
treatment with rt-PA and assessing NIHSS score for the purpose 
to calculate SEDAN score were collected with descriptive 
statistic. Patients were divided into three groups including 
sICH, asymptomatic intracranial hemorrhage (AsICH), and 
no intracerebral hemorrhage (NoICH). Univariate associations 
of parameters in SEDAN score among groups were evaluated 
by Pearson chi-square test. Multivariate logistic regression 
model were performed for calculating the value of absolute 
risk, odds ratio, and 95% confidence interval of each parameter. 

Data were analyzed by SPSS version 16.0 for studying the 
relation of variables by using linear regression for correlation 
at the significant level P-value < 0.05. Area under the receiver 
operating characteristic curve (AUC-ROC) was done to describe 
how well our values matched the original SEDAN score.

Results

The i.v. rt-PA rate was 18.6% of patients admitted with acute 
ischemic stroke. Of 295 patients treated with i.v. rt-PA, there 
were 252 (85.4%) infarct location in anterior circulation and 
43 (14.5%) in posterior circulation. There were 44 ICH (14.8%) 
with 13 sICH (4.4%) and 31 AsICH (10.4%).

The average age of NoICH, sICH, and AsICH were 69, 72, 
and 71 years old, respectively. Patients in sICH group were 
statistically significant older than those in NoICH group. 
Diabetes, atrial fibrillation, and ischemic heart disease were 
more found in patients with ICH. Baseline characteristics of 
our population were shown in Table 1. Characteristics of all 
sICH patients were shown in Table 2.

Univariate evaluation of each parameter in SEDAN score 
showed that:

1. Three tiers of baseline blood sugar (continuous variables) 
consist of ≤8, 8.1-12, and >12 mmol/l. From13 patients with 
sICH, eight patients had baseline blood sugar ≤8 mmol/l 
and one patient had baseline blood sugar between 8.1 and 
12 mmol/l. From 282 patients without sICH, 231patients 
had baseline blood sugar ≤8 mmol/l and 38 patients had 
baseline blood sugar between 8.1 and 12 mmol/l. There was 
no significantly difference between sICH and without sICH 
for the sugar level at ≤8 and 8.1–12 mmol/l. Considering the 
sugar level >12 mmol/l, there were four out of 13 patients 
with sICH while there were 13 out of 282 patients without 
sICH. There was significantly difference between sICH 
and without sICH for the sugar level at >12 mmol/l with 
P-value of 0.018.

2. From 13 patients with sICH, 12 of them had early infarction 
(discrete variables) in the initial CT brain. While, from 282 
patients without sICH, 99 of them had early infarction. 
There was significantly difference between sICH and 
without sICH for early infarction in initial CT brain with 
P-value <0.001.

3. From 13 patients with sICH, 12 of them had hyperdense 
cerebral artery sign (discrete variables) in initial CT brain. 
While, from 282 patients without sICH, 35 of them had 
this sign. There was significantly difference for hyperdense 
cerebral artery sign (discrete variables) in initial CT brain 
with P-value <0.001.

4. From 13 patients with sICH, three of them were more 
than 75 years old (continuous variables). While, from 282 
patients without sICH, 40 of them were more than 75 years 
old. There was significantly difference for age more than 
75 year old with P-value of 0.002.

5. From 13 patients with sICH, six of them had initial NIHSS 
as 10 or more (continuous variables). While, from 282 
patients without sICH, 130 of them had initial NIHSS as 
10 or more. There was significantly difference for initial 
NIHSS as 10 or more with P-value of 0.027.Figure 1: Study design
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The univariate evaluation was shown in Table 3.

The rate of sICH occurrence was increased in accordance with 
the increasing of the SEDAN score in our study. The SEDAN 
score was ranking from 0 to 6 point. All 87 patients with 0-point 
showed no either sICH or AsICH at all. While the only one 
patient with 6-point had sICH. The rate of sICH was correlated 

with increasing total score: 0% at total score 0, 3.6% at total score 
1, 5.4% at total score 2, 8.6% at total score 3, 9.2% at total score 4, 
33.3% at total score 5, and 100% at total score 6. Moreover, the 
rate of AsICH was also correlated with increasing total score: 
0% at total score 0, 3.6% at total score 1, 17.6% at total score 2, 
22.8% at total score 3, 45.4% at total score 4, and 66.7% at total 
score 5. The correlation of the SEDAN score with sICH and 
AsICH was showed in Table 4 and Figure 2.

Table 2: Characteristics of all patients with sICH

No. GGGender Age Underlying 
diseases

Smoking NIHSS prior 
to IV rt-PA

NIHSS 
after IV 
rt-PA

Total 
SEDAN 
score

Location of cerebral hemorrhage

1 Male 78 HT No 15 22 4 Large hemorrhage at left basal ganglion with IVH
2 Male 40 HT, DM, DLP Yes 4 16 2 Large hematoma at left frontal lobe

3 Male 66
HT, DM, DLP, 

Ischemic heart Yes 6 19 3
Right parietal lobe hemorrhage with right subdural 
hematoma

4 Male 68 HT, DM, DLP Yes 7 18 3 Right frontoparietal lobe hemorrhage with IVH
5 Male 74 HT, DLP, BPH No 12 22 2 Right basal ganglion and thalamus hemorrhage

6 Female 72 HT, DLP No 23 32 2
Large hemorrhage at left frontoparietal lobe with 
IVH and uncal herniation

7 Female 79 HT, DM, DLP, AF No 14 22 6 Right frontoparietotemporal lobe hemorrhage

8 Female 45 HT, DM No 14 20 5
Right frontoparietal lobe hemorrhage with IVH and 
SAH

9 Female 68 HT, DLP No 5 14 1 Right parietotemporal lobe hemorrhage

10 Male 80 HT, DLP, AF No 7 16 2
Large hemorrhage at left parietooccipital lobe with 
SAH and IVH

11 Female 75 HT, DLP, AF No 15 22 3 Left basal ganglion hemorrhage with IVH and SAH
12 Male 72 None Yes 17 26 1 Right frontal lobe hemorrhage
13 Female 74 HT, DLP No 7 11 1 Right paramedian pontine hemorrhage

Table 1: Demographic data

Characteristics No ICH, n = 251 sICH, n = 13 AsICH, n = 31 p-value
Age,mean yr(Range) 69 72 71  0.03
Man,% 148,58.9 7,53.8 20,64.5 0.25
OTT,mean min(Range) 173.6(40-270) 173.3(105-253) 170.4(40-270) 0.13
OTT>3 Hr,% 39.8 38.4 41.9 0.28
BP mean,mmHg(Range)    

sBP prior to rt-PA 166.2(107-208) 171.7(143-187) 172.9(153-189) 0.11
dBP prior to rt-PA 82.3(56-129) 80.5(65-98) 81(67-98) 0.13

Labouratory parameters    
Leucocytes,mean cells/dL(Range) 8874.5(3600-23200) 8869.2(3600-18000) 9254.8(5000-20100) 0.21
Platelets,mean cells/dL(Range) 237946.2(127000-521000) 237615(138000-329000) 230322(158000-318000) 0.23
INR, mean(Range) 1.01(0.80-2.61) 1.11(0.9-1.53) 0.99(0.86-1.38) 0.12

Comorbidity,%    
Hypertension 80.8 92.3 90.3 0.07
Diabetes mellitus 25.4 38.4 35.4 0.01
Dyslipidemia 74.1 76.9 77.4 0.08
Atrial fibrillation 20.7 23.1 32.2 0.02
Ischemic heart disease 8.7 15.3 19.3 0.01
Valvular heart disease 2.7 0 0 0.38
Old cerebrovascular accident 10.3 7.7 19.3 0.08
Gout 2.3 0 0 0.21
Smoking cigarettes 59.7 30.7 61.3 0.14
Drinking alcohol beaverage 62.9 30.7 61.3 0.24
Family history of stroke 12.3 7.7 6.4 0.11
Family history of Ischemic heart 
disease

3.1 0 0 0.09
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To analyze the variable factors between sICH and without 
sICH group, the multivariate analysis was performed. The age 
over 75 years old, early infarction, hyperdense cerebral artery, 
baseline blood sugar more than 12 mmol/l, and NIHSS as 10 or 
more were the risk factors to develop sICH after treated with 
rt-PA at 1.532, 2.503, 1.107, 1.248, and 1.263 times, respectively. 
All parameters of SEDAN score, except hyperdense cerebral 
artery, showed significant prediction of sICH (shown in Table 
5). The performance of the SEDAN score by AUC-ROC for our 
data was 0.76 (95% CI, 0.66-0.86).

Discussion

The intravenous thrombolytic rate is 18.5% of patients who 
admitted with acute ischemic stroke in this study, which is 
a bit lower from 21% in our previous report 2 years earlier.[9] 
However, this rate is still considerably high as compared to 
which reported from most centers from many countries.[8,17-19] 
The proportion of patients received treatment within 3 to 4.5 
hours time-window in this study is higher than those from 
previous study. The sICH rate in this study is 4.4%, which 
is higher than the rate of 2% reported in previous study.[9] 
However, it is still comparable with the rate reported from 
most centers including the centers in Thailand.[8,14,20]

The SEDAN score is used to predict the risk of symptomatic 
intracerebral hemorrhage among patients receiving i.v. 

rt-PA.[15] Easy to use is the advantage. The five variables 
including age, baseline blood glucose, NIHSS, early infarct, 
and hyperdense artery by CT, are able to acquire in every 
primary stroke center. The SEDAN score had the highest 
predictive power with moderate performance as compared 
with others including MSS (Multicenter Stroke Survey); HAT 
(Hemorrhage After Thrombolysis), glucose at presentation, 
race (Asian), age, sex (male), systolic blood pressure at 
presentation, and severity of stroke at presentation (NIH 
Stroke Scale (GRASPS); SITS; and stroke prognostication 
using age and NIH Stroke Scale (SPAN)-100. [21] The 
SEDAN score could be helpful in assessing the risk of 
symptomatic intracranial hemorrhage. There has been the 
first external validation study of the SEDAN score reported 
in the literature by Mazya and colleagues.[16] Mazya’s study 
employed the retrospective data from the International 
Stroke Thrombolysis Register for validation.[16] Our study 
should represent the validation of the SEDAN score in real 
world practice.

Comparison with original study of the SEDAN score, the 
number of patients with sICH in our study was less.[15] 
However, most of baseline characteristics of both studies were 
comparable (shown in Table 6). Score by score comparison 
with original study shows almost similar trend and rate of 
sICH (shown in Figure 3).[15] The rate of sICH in Thai stroke 
patients with i.v. rt-PA treatment was correlated with increasing 
score. Early infarction in initial CT brain was the strongest 
independent risk factor in our study. This should put emphasis 

Figure 2: Correlation of no intracerebral hemorrhage 
(NoICH), asymptomatic intracranial hemorrhage (AsICH), and 
symptomatic intracranial hemorrhage (sICH) with SEDAN 
score

Table 3: Univariate Comparison of sICH and without sICH

Parameters N(%) Without sICH sICH p-Value
Sugar(mmol/l)

≤ 8 239(81.1) 231(96.6) 8(3.4)
8.1-12 39(13.2) 38(97.4) 1(2.6) 0.576
>12 17(5.7) 13(76.5) 4(23.5) 0.018

Early Infarction
No 184(62.3) 183(99.5) 1(0.5)
Yes 111(37.6) 99(89.2) 12(10.8) <0.001

Hyperdense cerebral 
artery sign

No 253(85.7) 247(97.6) 6(2.4)
Yes 42(14.2) 35(83.3) 7(16.7) <0.001

Age
≤ 75 252(85.4) 242(96.1) 10(3.9)
> 75 43(14.5) 40(93.1) 3(6.9) 0.002

NIHSS
0-9 159(53.8) 152(95.6) 7(4.4)

≥ 10 136(46.1) 130(95.6) 6(4.4) 0.027

Table 4: Proportion of patients in each parameter of SEDAN score

TC Amount No ICH sICH AsICH No ICH(%) sICH(%) AsICH(%)
0 87 87 0 0 100 0 0
1 84 78 3 3 92.8 3.6 3.6
2 74 57 4 13 77.0 5.4 17.6
3 35 24 3 8 68.6 8.6 22.8
4 11 5 1 5 45.4 9.2 45.4
5 3 0 1 2 0 33.3 66.7
6 1 0 1 0 0 100 0

Summation 295 251 13 31   
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Figure 3: Comparison between our study and original the 
SEDAN score study

on the value of data gathering of CT brain before decision of 
thrombolytic treatment.[5]

Symptomatic intracranial hemorrhage is the most serious adverse 
event in stroke patients after treated with i.v. rt-PA.[12] Clinical 
deteriorations from symptomatic intracranial hemorrhage lead 
to poor overall outcomes.[12,22] Risk identification of symptomatic 
intracranial hemorrhage is important. High risk factors may 
not be contraindications for treatment with i.v. rt-PA.[5] But 
additional treatment should apply to these high risk patients 
to prevent occurrence of intracranial hemorrhage. In the 
future, there may be some treatments to prevent symptomatic 
intracranial hemorrhage after i.v. rt-PA. For example, the recent 
study from Korea showed that therapeutic hypothermia after 
recanalization with endovascular treatment prevent occurrence 
of intracerebral hemorrhage.[23] Therapeutic hypothermia may 
also be effective in prevention of intracranial hemorrhage 
after i.v. rt-PA. The initial study of symptomatic intracranial 
hemorrhage prevention therapy should focus on the high-risk 
group. The SEDAN score should facilitate selection of high risk 
patients for the study.

In conclusion, the SEDAN score was convenient to use in 
clinical practice. The score was predictive for sICH in Thai 

stroke patients with i.v. rt-PA treatment. Each parameter of the 
SEDAN score was an independent risk factor for sICH after 
treatment with i.v. rt-PA.
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