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ABSTRACT 

Introduction: In Malaysia, stroke has remained the third leading cause of death after ischaemic 

heart disease and pneumonia from 2007 to 2017. We aimed to explore the efficacy, safety, and 

predictive factors of the functional outcome of early intravenous administration of recombinant 

tissue plasminogen activator (rt-PA), alteplase for patients who were presented to the hospital 

within 4.5 hours of the onset of stroke. 

 

Methods: A longitudinal study was conducted for 36 months from January 2018 to December 

2020 at Bintulu Hospital in Sarawak, Malaysia. The primary outcome was defined as the National 

Institute of Health Stroke Scale (NIHSS) scoring of 0 or 1, or more than an 8-point improvement 

in the score. The secondary endpoint was disability at 3 months post-discharge assessed using the 

modified Rankin scale (mRS), whereas safety endpoints were mortality, intracranial haemorrhage, 

and other serious adverse events. Baseline characteristics included demographics, disease-related 

characteristics, medication history, time of arrival to the hospital, and onset-to-needle time. Safety 

and efficacy data were analysed using descriptive analysis. Independent t-tests and the Chi-Square 

tests were used to determine predictive factors of outcomes after intravenous thrombolysis. 

 

Results: A total of 20 participants participated in the study. We found out that 9 (45.0%) 

participants treated with alteplase achieved an NIHSS scoring of 0 or 1, or more than an 8-point 
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improvement in the score at Day 1 post thrombolysis. At 3-month follow-up, a favourable outcome 

of mRS ≤ 2 was observed in 8 participants (40.0%). Intracranial haemorrhage (ICH) and 

symptomatic ICH occurred in 3 (15.0%) and 1 (5.0%) participants on alteplase, respectively. 

Positive smoking history (P=0.01) and age group of more than 65 years old (P=0.02) were 

associated with poorer functional outcomes after thrombolysis. 

 

Conclusion: Our preliminary findings showed that not all patients with acute ischemic stroke 

benefit from intravenous rt-PA. There is a need to identify subgroups of patients who will benefit 

from rt-PA, especially in resource-limited settings. 

 

Keywords: Thrombolytic therapy, tissue-type plasminogen activator, stroke 
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INTRODUCTION 

Stroke is a major cause of mortality and disability in many countries, including Malaysia. Global 

stroke estimates study reported that, in 2013, there were approximately 25.7 million stroke 

survivors, 6.5 million deaths, 113 million disability-adjusted life-years lost, and 10.3 million new 

cases of stroke (1). Department of Statistics Malaysia reported that stroke emerged as one of the 

top five leading causes of mortality since 2000 (1). Data in 2017 showed that cerebrovascular 

diseases contributed to 7.1% of all mortalities recorded in the Malaysian population (2). 

Intravenous alteplase (0.9 mg/kg; maximum dose of 90mg) is recommended for the definite onset 

stroke for up to 4.5 hours from the onset (3). 

 

In 1995, the National Institute of Neurological Disorders and Stroke (NINDS) study group 

reported that patients with acute ischaemic stroke who received alteplase (0.9 mg/kg of body 

weight) within 3 hours after the onset of symptoms were at least 30.0% more likely to have 

minimal or no disability at 3 months than those who received placebo (3). Two European trials, 

the European Cooperative Acute Stroke Study (ECASS) and ECASS II, investigated a time 

window of up to 6 hours but failed to show the efficacy of thrombolytic treatment, as defined by 

each trial (4, 5).  

 

A subsequent analysis of the NINDS study and the combined analysis of data from six randomised 

trials on thrombolytic treatment for ischaemic stroke in 2775 patients, showed a clear association 

between treatment efficacy and the interval between the onset of symptoms and administration of 

the thrombolytic agent (3, 5-9). A favourable outcome was observed even if treatment was given 

between 3 and 4.5 hours, with an odds ratio of 1.4 for a favourable outcome with alteplase 

treatment as compared with placebo. This analysis also suggested that the longer time window, as 

compared with the shorter window, was not associated with higher rates of symptomatic 

intracranial haemorrhage (ICH) or death (7). 

 

International guidelines recommend alteplase as a first-line treatment for eligible patients when 

administered within 3 hours after the onset of stroke (10-12). In fact, thrombolysis with alteplase 

has been approved for use in most countries. The European Medicines Agency (EMEA) granted 

approval for alteplase in 2002 on two conditions. One such condition was for an observational 
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safety study to be initiated. The Safe Implementation of Thrombolysis in Stroke–Monitoring Study 

(SITS–MOST) was conducted for this reason and has subsequently proven that alteplase is safe 

and effective in routine clinical practice (13). The guidelines and the encouraging findings from 

the safety study warrant the use of alteplase, a recombinant tissue plasminogen activator (rt-PA) 

in eligible patients. 

 

However, alteplase is underused despite the recommendations and findings. The underuse is more 

apparent in resource-limited settings, whereby fewer than 2.0% patients receive this treatment in 

most countries, primarily because of delayed admission to a stroke centre (14). The 

underutilisation of alteplase was of concern as its use in eligible patients in both safe and effective. 

Therefore, steps to promote its use has to be increased in all settings and limited resources should 

not discourage its use. 

 

King et al analysed ischaemic stroke cases treated in Sarawak, in which modified Rankin Scales 

of 0-2 were observed in 57.0% patients while 6.7% died during hospitalisation (15). The study has 

also identified hypertension as the most prevalent risk factor for ischaemic stroke (15). The 

functional outcome at discharge was better and the in-hospital mortality rate was slightly lower in 

Sarawak when compared to the national data (15). The study by King et al opens the door to further 

studies analysing the ischaemic stroke treatment in different localities of Sarawak to identify the 

gaps in the region. 

 

One such locality is Bintulu, a coastal town on the island of Borneo in the central region 

of Sarawak, Malaysia. The Bintulu Hospital provides specialist medical care with 302 beds but is 

without a resident neurologist. Bintulu Hospital has embarked on the use of intravenous 

recombinant tissue plasminogen activator (rt-PA), alteplase in the treatment of acute ischaemic 

stroke since 2018. All patients suitable for thrombolysis are referred to the resident neurologist in 

Sarawak General Hospital. Patients were then monitored by physicians after thrombolysis. This 

study aimed to explore the efficacy, safety and predictive factors of the functional outcome of 

stroke after the administration of intravenous rt-PA, alteplase in Bintulu Hospital, a hospital 

without a resident neurologist. 
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METHODS 

Study Design and Participants 

This was a longitudinal study conducted over 36 months from January 2018 to December 2020 at 

Bintulu Hospital. Patients were eligible for inclusion if they were over 18 years old, diagnosed 

with acute ischaemic stroke, and were suitable for thrombolysis with alteplase within 4.5 hours of 

symptoms onset. Cerebral computed tomographic (CT) scans were performed prior to 

thrombolysis to exclude patients who had ICH or major ischaemic infarction. The inclusion and 

exclusion criteria, additional exclusion criteria, and relative contraindication are as shown in Table 

1. All study data (demographic data, NIHSS scoring, CT brain findings, and mRS score) were 

extracted from the electronic medical record system (ProfDoc CIS). All relevant data were entered 

into data collection forms for further analysis.  

 

Table 1: Inclusion, exclusion criteria, additional exclusion criteria, and relative contraindications 

for thrombolysis (2) 

Inclusion Criteria Exclusion Criteria 

 Clinical diagnosis of ischaemic stroke 

causing measurable neurologic 

deficit. 

 The onset of symptoms < 4.5 hours 

before beginning treatment; if the 

exact time of stroke onset is not 

known, it is defined as the last time 

the patient was known to be normal. 

 For patients presenting between 3 - 

4.5 hours of onset, see additional 

exclusion criteria 

 Age >18 years old 

 CT scan (plain) consistent with acute 

ischaemic stroke 

 

 Age < 18 years  

 Onset > 4.5 hours 

 Bleeding in computed tomography 

(CT) brain  

 Big infarct (> 1/3 of middle cerebral 

artery territory) 

 Rapidly improving or minor symptoms 

 Premorbid mRS ≥ 4 

 Stroke or serious trauma within 3 

months 

 Seizure at the onset of stroke (Not 

contraindicated if evidence suggests 

that residual impairments are 

secondary to acute ischaemic stroke 

and not to postictal phenomenon) 
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Table 1: Continued 

Inclusion Criteria Exclusion Criteria 

 Additional Exclusion Criteria: 

 Age > 80 years of age 

 History of prior stroke AND diabetes 

 Any anticoagulation use before admission 

 NIHSS > 25 

 CT findings involving more than 1/3 of 

middle cerebral artery (MCA) territory 

stroke 

 Relative Contraindications: 

 Systolic blood pressure > 185 mm Hg or 

diastolic blood pressure> 110mm Hg at 

the time of treatment 

 Coagulopathy: International normalised 

ration (INR) > 1.7, activated partial 

thromboplastin time (aPTT)>1.5x normal 

or platelet count < 100,000 

 Current use of anticoagulants: 

-Warfarin [unless (INR) < 1.7] 

-Heparin within the past 48 hours (unless 

aPTT < 1.5x normal) 

 Glucose < 2.8 mmol/L or >22 mmol/L 

 Pregnant (up to 10 days postpartum) or 

nursing mother 

 Symptoms of post-myocardial infarction 

pericarditis or known ventricular 

aneurysm 

 Peritoneal dialysis or hemodialysis 

 



Sarawak Journal of Pharmacy (2023), volume 9, issue 1, page 1-19 
 

7 
 

Study Treatment 

In this study, alteplase was reconstituted from a lyophilised powder in sterile water for injection. 

10.0% of the total dose was administered as a bolus while the remainder dose was given by 

continuous infusion over 60 minutes (1). 

 

Clinical Assessment 

National Institutes of Health Stroke Scale (NIHSS), a 15-item scale that measures the level of 

neurological impairment was used for the quantification of neurological deficit. Total scores on 

the NIHSS range from 0 to 42. Higher values reflect more severe cerebral infarcts. Patients were 

assessed with the NIHSS on day 0 and day 1. The modified Rankin Scale (mRS) was used to 

measure the level of disability three months after discharge. Scores on mRS range from 0 (no 

symptoms at all) to 6 (death). All patients suitable for thrombolysis had CT brains performed 

before treatment and 24 hours after treatment. Additional CT brains were performed in cases of 

neurological deterioration. 

 

Outcome Measures 

The primary efficacy endpoint was defined as NIHSS scoring of 0 or 1, or more than an 8-point 

improvement in the score from baseline at day 1 post-thrombolysis. The secondary endpoint was 

defined as an mRS ≤ 2 at 3 months after discharge. Safety endpoints included overall mortality, 

any ICH, and other serious adverse events. ECASS II definition of symptomatic ICH was any 

haemorrhage with neurological deterioration, as indicated by an NIHSS score that was higher by 

4 points or more than the value at baseline or the lowest value in the first seven days, or any 

haemorrhage leading to death. In addition, the haemorrhage must be identified as the predominant 

cause of the neurologic deterioration (5). 

 

Statistical Analysis 

Categorical variables were summarised as frequencies and percentages, while mean and standard 

deviation with range was calculated for continuous variables. The predictors of outcome were 

determined by using Independent-t and Chi-Square tests. The factors included were demographic 

(gender, age), risk factors such as hypertension, diabetes mellitus, dyslipidemia, ischemic heart 

disease, atrial fibrillation, congestive heart failure, nicotine use, systolic and diastolic blood 
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pressure, NIHSS score at admission and onset to needle time. Statistical analyses were performed 

using SPSS 26 software, IBM. inc, Texas, USA. 

 

Sample Size Calculation 

The potential patient population admitted for stroke to Bintulu hospital in 1 year was estimated to 

be 80. The expected proportion for sample size estimation was set at 0.4, as in 2018-2019, 122 

patients were admitted to Bintulu hospital due to ischaemic stroke and only five patients were 

selected for thrombolysis. A sample size of 35 was calculated to achieve a precision of ±0.8 with 

95.0% confidence level. Hence, all eligible patients as per inclusion criteria were enrolled in the 

study. 

 

Ethical Approval 

This study was registered with the National Medical Research Register (NMRR-19-2164-49718) 

and the ethical approval was obtained from the Medical Research and Ethics Committee (MREC), 

Ministry of Health Malaysia. 

 

RESULTS 

A total of 387 patients with ischaemic stroke were admitted to Bintulu Hospital from January 2018 

to December 2020. However, only 20 (5.2%) of the participants were suitable for thrombolysis. 

All of the suitable participants (n=20) were subsequently thrombolysed with alteplase.  

 

Most of the participants were male (n=15; 75.0%) and had an average age of 59.1 years old. In 

terms of clinical characteristics, most of them presented to the hospital in less than 2.5 hours (n=8; 

40.0%), had hypertension (n=12; 60.0%), had dyslipidemia (n=13; 65.0%) and were smokers 

(n=12; 60.0%). Overall, the participants had an average onset-to-needle time of 2.7 hours. The 

demographic and baseline characteristics of all the participants are illustrated in Table 2. 

 

All the participants were thrombolysed within the recommended 60 minutes or less of their arrival 

to the hospital. The dose of alteplase used were 50 mg in 11 participants, 63 mg in 3 participants, 

70 mg in 3 participants, 68 mg in 1 participant, 54 mg in 1 participant and 45 mg in 1 participant. 
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Table 2: Demographic and baseline characteristics (n=20) 

Characteristics Mean (SD) Frequency (n) Percentage (%) 

Age (years) 59.1 (11.4)   

Gender    

           Male   15 75 

           Female   5 25 

Weight (kg) 64.1 (9.7) 20 100 

Race     

        Malay  7 35 

        Chinese  3 15 

        Iban  7 35 

        Others  3 15 

Baseline NIHSS score 13.5 (6.2)   

        0-10 (mild stroke)   9 45 

        11-15 (moderate stroke)  5 25 

        >15 (severe stroke)  6 30 

Systolic pressure (mm Hg) 140.8 (19.9)   

Diastolic pressure (mm Hg) 84.7 (12.8)   

Previous use of aspirin or 

antiplatelet drugs 

 7 35 

Presence of risk factors    

        Diabetes  6 30 

        Hypertension  12 60 

        Atrial fibrillation  2 10 

        History of stroke  0 0 

 Dyslipidemia  13 65 

        Ischaemic heart disease   2 10 

        Congestive heart failure  
 

3 15 
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Table 2: Continued 

Characteristic Mean(SD) Frequency (n) Percentage (%) 

Smoking status    

        Never smoked  8 40 

        Positive smoking history   12 60 

Concurrent medications    

        Antiplatelet  5 25 

        Anticoagulant  2 10 

        ACEI  2 10 

        Calcium channel blocker  6 30 

        Beta-blocker  5 25 

        Diuretic  4 20 

        Antidiabetic  4 20 

Initial CT Brain findings    

        Partial anterior circulation    

        infarct (PACI) 

 7 35 

        Middle Cerebral Artery  

        (MCA) infarct 

 4 20 

        Total anterior circulation    

        infarct (TACI) 

 5 25 

        Lacunar infarction (LACI)  4 20 

Onset to needle time (hours) 2.7 (1.2)   

        <2.5   8 40 

        ≥2.5 to ≤3.0  5 25 

        ≥3.1 to ≤3.5  0 0 

        ≥3.6 to ≤4.0  5 25 

        ≥ 4.1 to ≤4.5  2 10 

 

Efficacy 

For the primary endpoint, 9 out of 20 participants (45.0%) treated with alteplase had favourable 

outcomes (defined as NIHSS scoring of 0 or 1, or more than an 8-point improvement in the score). 
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At 3-month follow-up post-discharge, a favourable outcome of mRS ≤ 2 was seen in 8 participants 

(40.0%) and poor outcomes including death (mRS score ≥ 3) in the remaining 12 participants 

(60.0%). The outcomes are illustrated in Table 3. 

 

Table 3: Primary and secondary endpoint of the participants at 3 months post-discharge (n=20) 

Endpoints Frequency (n) Percentage (%) 

Primary Endpoint  

(NIHSS score of 0 or 1, or > 8 points 

improvements from baseline) 

 

9 

 

45.0 

Secondary Endpoint  

(mRS ≤ 2) 

8 40.0 

 

Safety 

A total of 3 participants (15.0%) treated with alteplase experienced ICH. Symptomatic ICH 

occurred in one of the participants (5.0%). Table 4 summarises the safety outcomes. 

 

Table 4: Safety Endpoints and Other Serious Adverse Events (n=20) 

Safety Endpoints Frequency (n) Percentage (%) 

ICH 
3 15.0 

Symptomatic ICH 
1 5.0 

Fatal ICH and other serious adverse 

events 

0 0.0 

 

Predictive Factors of Outcome 

It was found that participants above the age of 65 years old (P=0.02) and with positive smoking 

history (P=0.01) were significantly correlated with poor functional outcomes (mRS<2) after 

intravenous thrombolysis. The predictive factors of functional outcomes after alteplase 

administration were analysed and shown in Table 5. 
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Table 5: Predictive factors of functional outcome (mRS < 2) after intravenous thrombolysis 

Variables Favourable 

Outcomes (n=8); 

n (%) 

Poor Outcomes 

(n=12);  

n (%) 

t-statistics (df); 

P-value 

X2-statistics 

(df); P-value 

Age,  

Mean (SD) 

54 (9.8) 62.5 (11.5) 1.71 (18); 0.122  

Age  

(<65 years) 

8 (10.0) 5 (41.7)  5.71 (1); 0.02b 

Gender  

(Male) 

5 (62.5) 10 (83.3)  1.11 (1); 0.29b 

Diabetes 

 

2 (25.0) 4 (33.3)  0.16 (1); 0.69b 

Hypertension 

 

4 (50.0) 9 (75.0)  0.56 (1); 0.46b 

Ischemic Heart 

Disease 

0 (0.0) 4 (33.3)  3.33 (1); 0.12c 

Atrial 

Fibrillation 

1 (12.5) 1 (8.3)  0.09 (1); 0.76b 

Dyslipidemia 

 

5 (62.5) 8 (66.7) 0.18 (18); 0.86a  

Smoking 

 

0 (0.0) 12 (100.0) -1.34 (18); 0.20a  

NIHSS on 

admission, 

Mean (SD) 

12.4 (4.0) 14.2 (7.3) 0.80 (18); 0.41a  

Systolic BP, 

Mean (SD) 

133.6 (18.4) 145.6 (20.2) -14.9 (18); 0.15a  

Diastolic BP, 

Mean (SD) 

87.6 (12.2) 82.7 (13.3)   
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Table 5: continued 

Variables Favourable 

Outcomes (n=8); 

n (%) 

Poor Outcomes 

(n=12);  

n (%) 

t-statistics (df); 

P-value 

X2-statistics 

(df); P-value 

Onset to needle 

time (hours), 

Mean (SD) 

 

2.2 (0.9) 

 

3.0 (1.2) 

  

aIndependent t-test    

bPearson chi-square test          

cFisher’s Exact Test 

       

DISCUSSION 

Occlusion of the cerebral artery causes a critical reduction in cerebral perfusion pressure within 

minutes that result in a central infarct core with irreversibly damaged cerebral tissue and 

surrounding hypoperfused ischemic penumbra with still viable cerebral tissue. The role of 

thrombolytics is to salvage the ischemic penumbra by restoring the blood supply.  

 

From our study, we found a favourable outcome of mRS score at a 3-month follow-up in 8 

participants (40.0%) and an improvement in NIHSS scoring from baseline on day 1 of stroke in 9 

participants (45.0%). A favourable outcome (mRS <2) was found in 39.0% participants in the 

NINDS trial (3). In SITS-MOST study, 54.0% participants had a good outcome, and in a study by 

Litwin et al., 61.0% participants had favourable outcomes (14, 16). The rate of symptomatic 

haemorrhage in our study was 5.0% as compared to 6.4% in the NINDS study and 3.3% in the 

Standard Treatment with Alteplase to Reverse Stroke (STARS) study (3, 17). The sample size 

limitation and late presentation to the hospital (> 4.5 hours from the onset of stroke) due to 

logistical issues may have caused our study to not have favourable outcomes in more than 50.0% 

participants at the 3-month follow up. However, most studies supported the use of intravenous 

thrombolytic therapy for acute stroke as it was associated with better functional and neurological 

outcomes and significantly reduces the effect of stroke morbidity and mortality.  
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Besides that, we found that participants below the age of 65 had favourable outcomes following 

intravenous thrombolytic therapy. This result was in agreement with the study by Mouradian et al. 

which reported that older patients with more severe baseline stroke had lesser benefit with 

intravenous thrombolytic therapy as compared to younger patients (18). A study conducted by 

Bandettini et.al, showed that age above 80 years old, baseline NIHSS ≥ 7, and symptomatic ICH 

were independently associated with mortality (19). 

 

Several modifiable and non-modifiable risk factors can affect the outcomes of the treatment with 

intravenous rt-PA. Hypertension remained the most common medical risk factor for stroke, 

whereas current smoking and physical inactivity were the most predominant lifestyle-related risk 

factors (20). In general, hypertension, diabetes mellitus, and tobacco smoking tend to be more 

prevalent among men, whereas hypercholesterolemia, physical inactivity, and obesity were more 

prevalent among women (21). This was in agreement with our study results which showed that 

smokers had poorer outcomes (P=0.01). Other comorbidities such as dyslipidemia had also been 

reported to affect the outcome of patients after receiving IV rt-PA. This is due to the formation of 

a non-dissolvable lipid-rich thrombus, which could cause larger infarction and haemorrhagic 

transformation (23). From our study, about 40.0% participants with dyslipidemia had poorer 

outcomes but the association was not statistically significant. 

 

The onset to needle time is crucial to the success of intravenous thrombolytic treatment. Several 

large trials had proved that earlier institution of rt-PA was associated with better outcomes. In our 

study, about two-thirds of participants in our study received rt-PA within 180 min of the onset of 

symptoms. A study by Demchuk et al. found that milder baseline stroke severity was an 

independent predictor of a favorable outcome following intravenous thrombolytic (22). The 

NIHSS score on admission was related to patients' outcomes. However, in our study which had a 

small sample size, we noticed that participants with NIHSS scores < 15 had better outcomes, but 

was not statistically significant. 

 

Intravenous thrombolysis with rt-PA improves outcome in a selected group of patients with acute 

ischemic stroke but is associated with a 10-fold increased risk of symptomatic ICH (3).  It is critical 

to select those patients who are likely to benefit from rt-PA treatment without having an increased 
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risk of symptomatic ICH. With regards to safety outcomes, only 5.0% of our subjects who received 

rt-PA treatment experienced symptomatic ICH and another 15.0% experienced ICH. This 

observation was consistent with previous studies, in which the incidence rates of ICH were 2.5-

27.0% for acute ischaemic stroke patients treated with rt-PA (24, 25). Comparable results were 

also observed in Asian countries with a range of 1.9-12.1% compared with the placebo group 

(<1.5%) (26, 27). Fatal ICH in seven days post rt-PA treatment increased in patients treated at 3-

4.5 hours after the stroke onset. However, the adverse effect of the complication was offset by 

increasing disability-free survival (28). Hence, the use of rt-PA for acute ischaemic stroke patients 

presented within 3–4.5 hours of stroke onset and under clinical observation was still an effective 

and tolerable measure for better functional recovery after stroke. 

 

From our study, we can observe that the majority of the participants were not selected for 

thrombolysis due to late presentation to the hospital from the onset of stroke. This was largely 

caused by logistical issues as the majority of the patients were from neighbouring localities 

(Mukah, Tatau, Belaga, and Sungai Asap) at which the journey to Bintulu Hospital take hours. 

Hence, immediate actions are needed to improve healthcare resources for stroke care. Stroke care 

services encompass pre-hospital recognition, assessment and transport, acute stroke care (rapid 

triaging in the emergency department), rehabilitation, and community support.  Post-stroke care is 

equally important. Primary care teams are vital to providing the majority of post-stroke care. The 

care of patients with stroke begins in the hospital and continues in the community, where recovery, 

reintegration, and health maintenance take place over the years that follow. When optimally 

configured, these teams provide patient-centred care to prevent recurrent stroke, maximise 

function, prevent late complications, and optimise quality of life. 

 

LIMITATIONS 

This study had a relatively small sample size (n=20) and was a single-centre experience. Due to 

the Covid-19 pandemic, the patient pool dropped drastically. Besides that, the mRS employed to 

examine the effect of the thrombolytic agent was an indirect outcome, rather than a direct one such 

as dissolution of the blood clot which may have been affected by other potential confounding 

factors (eg. other blood thinning medications). Future randomised controlled trials may be 

conducted to control these confounding factors. 
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CONCLUSION 

Our findings show that thrombolytic therapy with intravenous rt-PA provides clinical benefits in 

the NIHSS score at admission and the mRS score 3 months after treatment. ICH occurred in some 

patients, however, no mortality or other serious adverse events were reported. Patients with 

positive smoking history and those who were more than 65 years old were less likely to benefit 

from rt-PA.  However, further studies involving a larger number of more severely affected patients 

will be beneficial to investigate the predictive factors of outcome after intravenous thrombolysis. 

Actions are needed to reduce the cardiovascular burdens for stroke prevention, enhance healthcare 

resources for stroke care, improve post-stroke care services, and improve intravenous thrombolysis 

treatment in Sarawak. 
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