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Abstract 

Background: Stroke related deaths are relatively higher in low- and middle-income countries where only a fraction 
of eligible patients undergo thrombolysis. There is also limited evidence on post-thrombolysis outcomes of patients 
from Asian countries in these income bands.

Methods: This is a single center prospective observational study of a patient cohort with acute ischaemic stroke, 
undergoing thrombolysis with alteplase (low and standard dose), over a 24-month period in 2019/2020. Modified 
Rankin scale (mRS) for dependency at 3 months (primary outcome), duration of hospital stay, incidence of sympto-
matic intracranial haemorrhages and all-cause mortality at 3 months (secondary outcomes) were recorded. Demo-
graphic, clinical and treatment related factors associated with these outcomes were explored.

Results: Eighty-nine patients (males – 61, 69%, mean age: 60 years ±12.18) were recruited. Time from symptom 
onset to reperfusion was 174 min ± 56.50. Fifty-one patients were independent according to mRS, 11 (12.4%) patients 
died, and 11 (12.5%) developed symptomatic intracranial haemorrhages by 3 months. Functional independence at 
3 months was independently associated with National Institutes of Health Stroke Scale (NIHSS) on admission (p < 0.05). 
Thrombolysis with low dose alteplase did not lead to better or worse outcomes compared to standard dose.

Conclusions: On admission NIHSS is predictive of functional independence at 3 months post-thrombolysis. Low 
dose alteplase may be as efficacious as standard dose alteplase with associated cost savings, but this needs to be 
confirmed by a prospective clinical trial for the Sri Lankan population.
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Background
Globally, age standardized stroke mortality has 
declined from 2005 to 2017, but most of these deaths 
still occur in middle – and low- income countries [1]. 

Interestingly, age standardized stroke prevalence has 
been increasing since 2005 in middle income countries. 
Age standardized stroke related disability adjusted 
life years lost (DALYs) has been declining in countries 
across all income bands, probably reflecting advances 
in stroke care and therapy in the last 15 years, but 
there is still a huge discrepancy between high – income 
countries and others [1]. Overall, these numbers reflect 
the global inequality in resource distribution leading 
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to suboptimal care and more deaths in stroke patients 
from less affluent countries. Thrombolysis with intra-
venous alteplase (a recombinant tissue plasminogen 
activator – rtPA) is one of the most important therapies 
in acute stroke management, but remains out of reach 
for many eligible candidates in lower – middle income 
countries (as low as 2% of stroke patients receive 
thrombolysis according to some studies) [2, 3], partly 
due to unavailability of the drug, public unawareness, 
and also due to lack of infrastructure (roads and trans-
portation, paramedic services) which prevents patients 
reaching hospitals within the specified time window 
[2]. In addition, most of these countries have no locally 
developed guidelines to manage acute stroke patients, 
have fewer hospitals with dedicated stroke units, and 
have less accessible brain imaging when adjusted for 
the sizes of their populations [4]. Clinical research data 
on thrombolysis for ischaemic stroke from low-middle- 
income countries are also limited, compared to high 
income countries [5].

Sri Lanka is a low-middle income country with a popu-
lation of approximately 22 million, with a dual public and 
private health care system. The public healthcare system 
is free for all citizens (funded by taxpayer) but accessibil-
ity is a problem due to high demand and overcrowding. 
By 2018, there were only 38 neurologists in the public 
health system, thrombolysis with rtPA was available in 
only 14 state hospitals and mechanical thrombectomy 
was available in only one hospital [6]. Thrombolysis is 
available in several private hospitals in a few main cities, 
and a private hospital in Colombo has been providing 
endovascular treatment since 2013. Thrombolysis with 
rtPA first started in Sri Lanka in 2008 but less people 
received this service as it was limited to neurology units 
in the National Hospital of Sri Lanka (NHSL-C), located 
in the commercial capital of Colombo. Also, most people 
could not get into the hospital in time due to lack of a 
paramedic and ambulance service and the distance from 
hospital, further complicated by traffic congestion. Since 
then, this service have expanded to more centers outside 
of Colombo, more trained neurologists joined the work-
force and an island-wide paramedic and ambulance ser-
vice had started since 2016 [7]. However, there is no data 
from Sri Lanka on the success of rtPA therapy, its compli-
cations and functional improvement observed on follow 
up.

The primary aim of this study is to describe the out-
comes (functional independence at 3 months post-
thrombolysis, duration of hospital stay, complications of 
symptomatic intracranial haemorrhage and death) of a 
cohort of patients that underwent thrombolytic therapy 
at the National Hospital of Sri Lanka over a 24-month 
period. The secondary aim was to identify demographic, 

clinical, and treatment (low vs. standard dose alteplase) 
related factors associated with a better outcome.

Methods
This is an observational prospective study carried out at 
the National Hospital of Sri Lanka in Colombo (NHSL-
C) between 2019 January - 2020 December. The study 
was reported according to STROBE guideline and exten-
sion. This hospital, located in the commercial capital 
and the most densely populated district of Sri Lanka, is 
the country’s largest and premier public health hospital. 
NHSL-C has three neurology units offering thrombolytic 
therapy and all of them were involved in this study. All 
adult consenting patients (> 18 years of age) with acute 
ischmeic stroke who were eligible for thrombolytic ther-
apy according to American Heart Association/American 
Stroke Association (AHA/ASA) guidelines (2019 update) 
were included in the study if they had no contraindica-
tions for thrombolysis [8].

Of the three Neurology units at NHSL-C, one unit used 
low dose alteplase (0.7 mg/kg of actual body weight, with 
a maximum dose of 90 mg) as per pre-existing unit policy 
at the time of the study. Other two units used alteplase 
0.9 mg/kg of actual body weight (maximum dose - 90 mg, 
henceforth referred to as “standard” dose). Hence the 
dose of alteplase received by a patient was determined 
by where the patient was admitted to and not as part 
of this study (the patient would have received the same 
treatment regardless of recruitment to this study). How-
ever, this provided an opportunity to observe if low dose 
alteplase was as effective as standard dose alteplase. The 
demographic (e.g., age, gender), clinical (past medical 
history, details of current presentation including time 
elapsed since onset of symptoms to admission or reper-
fusion), biochemical, haematological and imaging (non-
contrast CT of head prior to thrombolysis) data for were 
recorded for all patients, before and after thromboly-
sis. The definitions used for each data item are further 
explained in supplementary Table 1. When a laboratory 
investigation was repeated, the earliest available results 
after the onset of symptoms was recorded. The National 
Institutes of Health Stroke Score (NIHSS) was calculated 
on admission prior to thrombolysis. The Alberta Stroke 
Programme early CT score (ASPECTS) was calculated 
retrospectively using the pre-thrombolysis non-contrast 
CT scan of the head [9]. After thrombolysis, all patients 
were monitored in a high dependency unit at least for 
24 h with strict blood pressure control. Anticoagulant 
plus antithrombotic agents as well as invasive procedures 
(intra-arterial catheters, nasogastric tube insertion) were 
avoided as much as possible within the first 24 h post-
thrombolysis. If a patient developed sudden neurologic 
deterioration, a decline in level of consciousness, new 
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onset headache, nausea and vomiting, or a sudden rise in 
blood pressure post-thrombolysis, non-contrast CT head 
was repeated urgently. Otherwise, a repeat CT scan was 
done 24 h post-thrombolysis for all patients.

The primary outcome of interest was the modified 
Rankin Scale score (mRS) at 3 months (dichotomized as 
independent and dependent: 0-2 or ≥ 3, respectively )[10, 
11]. Secondary outcomes were mRS at 3 months dichot-
omized as favourable (0-1) or unfavourable (≥ 2), dura-
tion of hospital stay, all-cause mortality at 3 months, and 
occurrence of a symptomatic intracranial haemorrhage 
(sICH) as defined by the National Institute of Neurologi-
cal Disorders and Stroke (NINDS) criteria.

Data were analysed with Statistical Package of Social 
Science (SPSS version 21, IBM, USA). Descriptive statis-
tics were summarized as measures of central tendency 
(mean / median) and dispersion (standard deviation or 
interquartile range) according to normality of distribu-
tions. Statistically significant differences were explored 
with independent T test or linear regression for con-
tinuous variables and with chi square test for categorical 

variables (unadjusted analysis). Any variables found to 
be significant in the unadjusted analysis were further 
explored with logistic regression (adjusted analysis). Cut-
off for statistical significance was p < 0.05.

Results
Eighty-nine patients with ischaemic stroke, who were eli-
gible for rtPA were recruited (mean age: 60 years ±12.2, 
males = 61, 69%). The demographic characteristics, clini-
cal characteristics on admission, and outcomes assessed 
3 months after thrombolysis are summarised in Tables 1, 
2, 3 and 4. Time from onset of symptom onset to admis-
sion, time from admission to the CT scan and time from 
symptom onset to reperfusion were 115 ± 58.3, 34 ± 33.3 
and 174 ± 56.5 respectively (in minutes) for the entire 
cohort. Thirty-seven patients (43%) were reperfused 
within 3 h while the remainder were reperfused between 
3 and 4.5 h since the onset of symptoms. The average 
NIHSS was 13 ± 5.2 on admission. Eighteen patients 
(18/89, 20.2%) received low dose rtPA while the remain-
der received the standard dose.

Table 1 Clinical and demographic characteristics of eligible patients

a Includes diabetes mellitus (n = 44), hypertension (n = 57), previous stroke (n = 25), ischaemic heart disease (n = 22), heart failure (n = 15), atrial fibrillation (n = 13)

Characteristic Mean ± SD Category Number (%)

Age (years) 60 ± 12.2 Less than 45 13 (14.6)

45-55 11 (12.4)

55-65 26 (29.2)

65- 75 33 (37.1)

More than 75 6 (6.7)

Gender NA Male 61 (68.5)

Female 28 (31.5)

BMI 24 ± 3.9 Less than 18 1 (1.12)

18 – 23 36 (40.4)

23 – 30 46 (51.6)

30 -35 5 (5.6)

More than 35 1(1.12)

Cardiovascular  comorbiditiesa NA No 15 (16.9)

Yes 74 (83.1)

Smoking NA Non- or former smoker 69 (77.5)

Current smoker 20 (22.5)

Alcohol Use (within last year) NA Non-user or <  90 g per week 77 (86.5)

>  90 g per week 12 (13.5)

Aspirin use (regularly for last 2 weeks) NA No 49 (55.1)

Yes 40 (44.9)

Clopidogrel use (regularly for last 2 weeks) No 66 (74.2)

Yes 23 (25.8)

Anticoagulant use NA No 84 (94.4)

Yes 5 (5.6)

Statins use NA No 37 (41.6)

Yes 52 (58.4)
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Table 2 Investigation and assessment scores on admission (pre-thrombolysis)

mRS modified Rankin scale, NIHSS National Institutes of Health Stroke Score, ASPECTS Alberta Stroke Programme early CT score, INR International normalized ratio, 
eGFR estimated glomerular filtration rate. Haematocrit level = The normal haematocrit for men is 40 to 54%; for women it is 36 to 48%

Characteristic Mean ± SD Category Number (%)

Serum glucose on admission (mg / dL) 166 ± 69.7 50 – 200 66 (74.2)

200 -350 19 (21.3)

>  350 4 (4.5)

Systolic blood pressure on admission (mm/Hg) 162 ± 26.4 <  90 0 (0.0)

90 – 140 19 (21.3)

140 – 160 27 (30.3)

160 – 185 26 (29.2)

>  185 17 (19.1)

Diastolic blood pressure on admission (mm/Hg) 96 ± 14.5 < 60 0 (0.0)

60 – 80 10 (11.4)

80 – 90 27 (30.7)

>  90 51 (58.0)

On admission mRS 04 ± 1 1 3 (3.4)

2 11 (12.5)

3 20 (22.7)

4 46 (52.3)

More than Four 8 (9.0)

On admission NIHSS 13 ± 5.2 0 – 4 4 (4.7)

4 – 8 13 (15.1)

8 – 12 18 (20.9)

16 – 20 27 (31.4)

20 – 24 18 (20.9)

24 – 28 6 (7.0)

>  28 0 (0.0)

On admission CT scan ASPECTS 9 ± 0.88

On admission CT scan leukoarioisis NA Present 29 (32.6)

Not present 60 (67.4)

On admission CT scan hyperdense cerebral artery sign NA Present 12 (13.5)

Not present 77 (86.5)

Platelet count on admission NA . <  150,000 6 (6.7)

150,000- 300,000 65 (73.0)

>  300,000 18 (20.2)

On anticoagulant/s with INR ≤1.7 NA Yes 5 (5.6)

No 84 (94.4)

eGFR on admission NA >  90 41 (41.6)

60 – 90 39 (44.3)

30- 60 5 (5.7)

15 – 30 3 (3.4)

<  15 0(0.0)

Haematocrit level on admission NA Low 10 (11.2)

Normal 73 (82.0)

High 6 (6.7)

Stroke vascular territory NA Anterior 82 (92.1)

Posterior 7 (7.9)



Page 5 of 9Herath et al. BMC Neurology          (2021) 21:434  

Regarding the primary outcome, 51 patients were cat-
egorized as independent by the mRS (score of 0 – 2) at 
3 months (51/80, 63.7%). For secondary outcomes, 37 
(37/80, 46.3%) patients had a favourable mRS score 
(0 – 1) by 3 months, 11 (11/89, 12.4%) patients devel-
oped sICH, and 11 (11/88, 12.5%) patients died within 
3 months of thrombolysis. The median duration of hos-
pital stay was 10 ± 7.7 days. Of the deaths, 7 were due 
to intracranial haemorrhages, 2 due to pneumonia and 
1 due to cardiac cause. The cause was indeterminate 
for the other. In addition, 13 (14.9%) patients developed 
mild systemic bleeding following thrombolysis and none 
developed orolingual angioedema.

In the unadjusted analysis as shown in Table 5, several 
variables had a statistically significant association with 
the primary and secondary outcomes (p < 0.05). In the 
adjusted analysis, dependence at 3 months as assessed 
by mRS was independently associated with NIHSS on 
admission (aOR: 1.26, 95% CI: 1.09 – 1.44) only. Regard-
ing secondary outcomes, an unfavourable mRS was inde-
pendently associated with the NIHSS on admission (aOR: 
1.22, 95% CI: 1.07 – 1.38), time to reperfusion (aOR: 1.02, 
95% CI: 1– 1.04), and leukoaraiosis on pre-thrombolysis 
CT scan (aOR: 4.32, 95% CI: 1.08 – 17.22). There were no 
significant associations for the duration of hospital stay, 
occurrence of sICH or death in the adjusted analysis.

Though low dose rtPA was statistically significantly 
associated with the primary outcome in the unadjusted 
analysis (p = 0.031), this difference disappeared in the 

adjusted analysis. There was also no difference between 
low and standard dose rtPA treatment with regard to 
deaths, incidence of intracranial haemorrhages (or any 
other episodes of major or minor bleeds), or the duration 
of hospital stay.

Discussion
This prospective observational study of patients with 
acute ischaemic stroke who were eligible for thromboly-
sis in a resource limited setting in Sri Lanka showed that 
nearly 12% of patients developed sICH or died within 
3 months of thrombolysis. Of the survivors, more than 
60% were functionally independent at 3 months and this 
was predicted by the on admission NIHSS. There was 
no difference in outcomes depending on whether low or 
standard dose rtPA was administered for thrombolysis.

The age distribution and NIHSS on admission in the 
patient cohort of this study were comparable to those 
observed in other prospective studies on thrombolysis for 
stroke as detailed in supplementary Table 2. However, the 
time from symptom onset to thrombolysis was compara-
tively higher (Supplementary Fig. 1). This may be due to 
delays in getting to hospital due to not using paramedic 
services, traffic congestion, living further away from the 
hospital or a combination of this factors. This study did 
not explore the reasons for delay in hospital admission, 
and also did not capture the people who came after the 
4.5-h time window to compare with, but this highlights 
the need for more qualitative and quantitative data to 
explore the reasons for delays in getting to hospital. Ear-
lier thrombolytic treatment reduces in-hospital mortal-
ity and symptomatic intracranial haemorrhages while 
increasing functional independence following treatment 
[12], and it’s important that patients in resource limited 
settings can tap into these benefits by timely access to 
healthcare.

Functional independence at 3 months post-throm-
bolysis in our patient cohort was associated with the 
on-admission NIHSS. Furthermore a “favourable” score 
of the mRS (0-1) was also associated with the on admis-
sion NIHSS, time to reperfusion and presence of leu-
koaraiosis on the pre-thrombolysis CT brain imaging. 
These observations agree with that of several previous 
studies [13–18]. However, other studies have also found 
different associations for functional dependence/inde-
pendence at 3 months such as time to admission, major 
neurological improvement at 24 h [13], pre-thrombolysis 
random blood glucose level [13, 14], blood pressure on 
admission [18], cardiac ejection fraction [18], time to 
thrombolysis [14], patient age [13, 15], ASPECT Score 
on admission [15], hyperdense MCA sign [19, 20], hav-
ing an anterior circulation stroke [18] and past history of 
stroke / CHADS score [18]. Some of these associations 

Table 3 Post-thrombolysis functional assessment

mRS modified Rankin scale, NA Not applicable

Characteristic Mean ± SD Category Number (%)

Duration of hospi-
tal stay (days)

10 ± 7.7 NA NA

mRS at 3 months Independent (0 – 2) 51 (63.8)

Dependent (3-5) 29 (36.2)

mRS at 3 months Favourable (0 – 1) 37 (46.3)

Unfavorable (2-5) 43 (53.8)

Table 4 Post thrombolysis complications

ICH Intracranial haemorrhage defined according to NINDS criteria

Characteristic Category Number (%)

Death at 3 months No 79 (88.7)

Yes 10 (11.3)

Cause of death at 3 months Death due to ICH 7(63.6%)

Death due to other causes 3(27.3%)

Indeterminate 1 (9.1%)

Symptomatic ICH No 80 (89.9)

Yes 9 (10.1)
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may be attributable to the variation in samples sizes and 
differences in baseline demographic and clinical char-
acteristics (e.g., past history of co-morbidities) of indi-
vidual cohorts. Time to admission was associated with 
functional independence at 3 months in the unadjusted 
analysis in our cohort, but this became insignificant in 
the adjusted analysis probably due to the overall delays 
in getting admitted or treated compared to other stud-
ies. This should not be erroneously interpreted as time 
to admission not having an impact on post-thrombolysis 
functional outcome. The overall variation in predictors 

across studies from different countries suggest that aim-
ing to develop a universal system to predict post-throm-
bolysis functional improvements may be less relevant, 
and instead clinicians should focus on establishing locally 
adapted, evidence-based approaches to improve out-
comes of their patients.

As for complications, the percentage suffering from 
post-thrombolysis sICHs were relatively higher in our 
cohort (supplementary Fig. 3) and the same was true for 
all cause mortality at 3 months [10, 21] (supplementary 
Fig.  4). Previous studies have found several associations 

Table 5 Associations for functional outcomes, duration of hospital stay and complications at 3 months post-thrombolysis

a continuous variables – evaluated with independent T test, All other categorical variables were evaluated with chi square test, NS – non-significant, b associations 
that remained significant in the adjusted analysis, BMI body mass index, SBP Systolic blood pressure, DBP Diastolic blood pressure, CT Computed tomography, rTPA 
recombinant tissue plasminogen inhibitor, NIHSS National Institutes of Health Stroke Score, mRS modified Rankin Scale, eGFR estimated glomerular filtration rate, MCA 
middle cerebral artery, INR international normalised ratio, ASPECTS Alberta Stroke Programme early CT score, NS Not significant

Variable P value against each outcome

Independent mRS 
at 3 months

Favourable mRS at 
3 months

Duration of 
hospital stay

Intracranial 
Haemorrhage at 
3 months

Death at 3 months

History

Agea NS NS NS NS NS

BMIa NS NS NS NS < 0.001

Time to  admissiona 0.012 0.026 NS NS NS

Time to  reperfusiona NS 0.009b NS NS NS

Diabetes mellitus NS 0.044 NS NS NS

Hypertension NS NS NS NS NS

Previous ischaemic heart disease NS NS NS NS NS

Atrial fibrillation NS NS NS NS NS

Heart failure NS NS NS NS NS

Previous stroke NS NS NS NS NS

Smoking NS NS NS NS NS

On aspirin NS NS NS NS NS

On clopidogrel NS NS NS NS NS

On statins NS NS NS NS NS

Examination and investigations

Vascular territory of stroke NS NS NS NS NS

On admission
NIHSSa

< 0.001b 0.001b 0.044 NS NS

CT- ASPECT  scorea NS NS NS NS NS

CT – MCA hyperdense sign NS NS NS NS 0.040

CT - Leukoaraiosis 0.002 < 0.001b NS NS NS

Glucosea NS NS NS NS NS

SBP a NS 0.04 NS NS NS

DBP a NS 0.009 0.017 NS NS

Platelet count NS NS NS NS NS

INR < 1.7 NS NS NS NS NS

eGFR NS NS NS NS NS

Haematocrit NS NS 0.019 NS NS

Treatment

Low vs. high dose rTPA 0.031 NS NS NS NS
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for post-thrombolysis sICH including age, current or 
historical antiplatelet /anticoagulant use [18, 22, 23], 
serum triglyceride and fibrinogen level [18, 24], statin 
use [25, 26], hypertension or hyperglycaemia on admis-
sion [18], NIHSS on admission [18], anterior circulation 
stroke [18], leukoaraiosis on CT [17], ASPECT score and 
comorbidities such as atrial fibrillation [18], renal impair-
ment [27], heart failure [18] or a CHADS2 score > 2 [18]. 
Some of these associations have been confirmed in a 
meta-analysis [28]. Interestingly, we could not replicate 
these observations in this study probably due to the low 
event rate.

Whether low dose alteplase is comparable to standard 
dose in efficacy and safety in Asian patients remains con-
troversial [22]. Taiwan Thrombolytic Therapy for Acute 
Ischemic Stroke (TTT-AIS) study, one of the first stud-
ies to study this, showed that complications were higher 
(sICH, deaths and dependence at 3 months) in elderly 
patients receiving a dose of 0.9 mg/kg [22]. A second 
larger study in China which tested a range of doses from 
0.6 – 0.9 mg/kg suggested that lower doses were associ-
ated with better outcomes in older patients [29]. These 
observations led to Japan approving a lower than stand-
ard dose of rtPA for thrombolysis based on trial data 
[30]. Finally, a larger international study (ENCHANTED) 
which recruited patients from 13 countries including 
populations from Europe, Asia, South America, and Aus-
tralia demonstrated that low dose rtPA is not inferior to 
standard dose of 0.9 mg/kg [31]. However, there were lit-
tle or no representation of South Asian populations in 
these studies. The use of low doses of rtPA was proposed 
in some countries due racial and genetic differences 
related to the functionality of fibrinogen and coagula-
tion factors which potentially increased the risk of intrac-
erebral haemorrhage [32]. Our observations add to the 
very limited evidence base in this regard from South Asia 
to suggest that low dose alteplase may be as effective as 
standard dose, but did not necessarily had a better safety 
profile with regard to deaths and sICH, as expected. Sup-
plementary Table  3 illustrates studies comparing low 
dose vs standard dose which mostly shows no difference 
for efficacy outcomes. A previous meta-analysis had con-
cluded that there is no association between alteplase dose 
and favourable outcome and mortality, but that the low 
dose may be associated with a lower incidence of sICH 
[33]. From a cost perspective, alteplase used in Sri Lanka 
is made in India and a 20 mg vial costs USD 355 while a 
50 mg vial costs USD 692. If the low dose is as effective as 
the standard dose this could be considerably cost saving 
in a resource limited setting.

This study has several limitations; firstly, we recruited 
from a single centre which affects the generalisability 
of studies to the whole of Sri Lanka. Yet NHSL-c is one 

of the few centres where thrombolysis is available in 
the country and all other centres where thrombolysis 
is available also do have similar facilities and are super-
vised consultant neurologists. Secondly, Sri Lankan data 
may not be generalisable to other countries but as shown 
above in the discussion, the heterogeneity of associations 
for outcomes and complications highlight the need for 
locally relevant datasets than extrapolating findings from 
other countries. Thirdly, the sample size is small despite 
recruiting all eligible patients from all neurology units 
in the largest hospital in Sri Lanka located in the most 
populous district of the country over a 24-month period. 
This highlights a greater problem in gaining access to ser-
vices within the critical time window for thrombolysis 
which may be influenced by patient-dependent (e.g., una-
wareness) and -independent factors (e.g., lack of infra-
structure for faster transport of critically ill patients). 
Exploring reasons for this was beyond the scope of this 
study. Finally, comparison of low dose vs. standard dose 
alteplase should ideally be done as a randomised blinded 
controlled trial for conclusive results.

Conclusion
This single centre prospective observational study of 
patients undergoing thrombolysis, the first of its kind 
from Sri Lanka, a low-middle income country, shows 
that NIHSS on admission to be independently associated 
with functional independence at 3 months post-throm-
bolysis. Notably the time to thrombolysis in this cohort 
was higher compared to similar studies in other coun-
tries which is a concern as it may indicate problems with 
accessing services within the critical time window. Low 
dose rtPA may be as good as standard dose in terms of 
efficacy and complications (death or sICH) for Sri Lankan 
patients, but this needs to be confirmed in a randomised 
controlled trial.
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Additional file 2: Supplementary Figure 1. Comparison of prospective 
studies on thrombolysis from literature with regard to time window from 
symptom onset to thrombolysis. X axis - time in minutes, Y axis – Study. 
Legends – Black colour = current study, light grey colour = other studies. 
For more details on each trial including country and dose of alteplase 
used, refer to supplementary Tables 2 and 3.

Additional file 3: Supplementary Figure 2. Comparison of prospective 
studies on thrombolysis from literature with regard to functional improve-
ment at 3 months post-thrombolysis. X axis - % of patients showing a mRS 
of 0 or 1. Y axis – Study. Legends – Black colour = current study, light grey 
colour = other studies. For more details on each trial including country 
and dose of alteplase used, please refer to supplementary Tables 2 and 3.

Additional file 4: Supplementary Figure 3. Comparison of prospective 
studies on thrombolysis from literature with regard to symptomatic intrac-
ranial haemorrhages (sICH) following thrombolysis. X axis - % of patients 
experiencing sICH within 3 months of thrombolysis. Y axis – Study. Leg-
ends – Black colour = current study, light grey colour = other studies. For 
more details on each trial including country and dose of alteplase used, 
please refer to supplementary Tables 2 and 3.

Additional file 5: Supplementary Figure 4. Comparison of prospec-
tive studies on thrombolysis from literature with regard to 3-month 
all-cause mortality. X axis - % of patients who did not survive at 3 months 
post-thrombolysis, Y axis – Study. Legends – Black colour = current study, 
light grey colour = other studies. For more details on each trial includ-
ing country and dose of alteplase used, please refer to supplementary 
Tables 2 and 3.

Acknowledgements
None.

Authors’ contributions
Conception and design of the study: HMMTBH. CR. AMBDA. SBA. SS. BS. AF. 
Acquisition and analysis of data: HMMTBH. CR. AMBDA. SBA. SS. BS. AF. Draft-
ing a significant portion of the manuscript or figures: HMMTBH. CR. AMBDA. 
SBA. SS. BS. AF. Correction of the manuscript: HMMTBH. CR. AMBDA. SBA. SS. 
BS. AF. All authors have read and approved the manuscript.

Funding
Ceylon College of Physicians (Sri Lanka) funded for the data collection (Sta-
tionary and transport).

Availability of data and materials
The data set for this publication is available upon request from the authors.

Declarations

Ethical approval and consent to participate
Ethical clearance for this study was obtained from the Ethics review commit-
tee of National hospital of Colombo, Sri Lanka (Reference number = AAJ/ETH/
COM/2018/DEC).
The study was carried out according to relevant guidelines and regulations 
and reported according to STROBE recommendations.
Written informed consent was obtained from all patients or next of kin for 
those unable to give consent.

Competing interests
Nothing to report.

Author details
1 Neurology Department, National Hospital of Sri Lanka, Colombo, Sri Lanka. 
2 Department of Pathology, School of Medical Sciences, UNSW Sydney, Sydney, 
NSW, Australia. 

Received: 25 July 2021   Accepted: 29 October 2021

References
 1. Avan A, Digaleh H, Di Napoli M, Stranges S, Behrouz R, Shojaeianbabaei G, 

et al. Socioeconomic status and stroke incidence, prevalence, mortality, 
and worldwide burden: an ecological analysis from the global burden of 
disease study 2017. BMC Med. 2019;17(1):191.

 2. Durai Pandian J, Padma V, Vijaya P, Sylaja PN, Murthy JM. Stroke and 
thrombolysis in developing countries. Int J Stroke. 2007;2(1):17–26.

 3. Langhorne P, O’Donnell MJ, Chin SL, Zhang H, Xavier D, Avezum A, et al. 
Practice patterns and outcomes after stroke across countries at different 
economic levels (INTERSTROKE): an international observational study. 
Lancet. 2018;391:2019–27.

 4. Baatiema L, Abimbola S, de-Graft Aikins A, Damasceno A, Kengne 
AP, Sarfo FS, et al. Towards evidence-based policies to strengthen 
acute stroke care in low-middle-income countries. J Neurol Sci. 
2020;418:117117.

 5. Ghandehari K. Barriers of thrombolysis therapy in developing countries. 
Stroke Res Treat. 2011;2011:686797.

 6. Ranawaka UK, Venketasubramanian N. Stroke in Sri Lanka: how can we 
minimise the burden? Cerebrovasc Dis Extra. 2021;11(1):46–8.

 7. Rathnayake Z. Doctors opposed this ambulance service; now it’s essential 
in the pandemic. BMJ. 2020;371:m4592.

 8. Warner JJ, Harrington RA, Sacco RL, Elkind MSV. Guidelines for the early 
Management of Patients with Acute Ischemic Stroke: 2019 update to 
the 2018 guidelines for the early Management of Acute Ischemic Stroke. 
Stroke. 2019;50(12):3331–2.

 9. Barber PA, Demchuk AM, Zhang J, Buchan AM. Validity and reliability of 
a quantitative computed tomography score in predicting outcome of 
hyperacute stroke before thrombolytic therapy. ASPECTS study group. 
Alberta stroke Programme early CT score. Lancet. 2000;355(9216):1670–4.

 10. Hacke W, Kaste M, Fieschi C, von Kummer R, Davalos A, Meier D, et al. 
Randomised double-blind placebo-controlled trial of thrombolytic 
therapy with intravenous alteplase in acute ischaemic stroke (ECASS II). 
Second European-Australasian acute stroke study investigators. Lancet. 
1998;352(9136):1245–51.

 11. Wardlaw JM, Murray V, Berge E, del Zoppo G, Sandercock P, Lindley 
RL, et al. Recombinant tissue plasminogen activator for acute ischae-
mic stroke: an updated systematic review and meta-analysis. Lancet. 
2012;379(9834):2364–72.

 12. Saver JL, Fonarow GC, Smith EE, Reeves MJ, Grau-Sepulveda MV, Pan W, 
et al. Time to treatment with intravenous tissue plasminogen activator 
and outcome from acute ischemic stroke. JAMA. 2013;309(23):2480–8.

 13. Boddu DB, Srinivasarao Bandaru VC, Reddy PG, Madhusudan M, Rukmini 
MK, Suryaprabha T, et al. Predictors of major neurological improvement 
after intravenous thrombolysis in acute ischemic stroke: a hospital-based 
study from South India. Neurol India. 2010;58(3):403–6.

 14. Sharma VK, Tsivgoulis G, Tan JH, Wong LY, Ong BK, Chan BP, et al. Feasibil-
ity and safety of intravenous thrombolysis in multiethnic Asian stroke 
patients in Singapore. J Stroke Cerebrovasc Dis. 2010;19(6):424–30.

 15. Toyoda K, Koga M, Naganuma M, Shiokawa Y, Nakagawara J, Furui E, et al. 
Routine use of intravenous low-dose recombinant tissue plasminogen 
activator in Japanese patients: general outcomes and prognostic factors 
from the SAMURAI register. Stroke. 2009;40(11):3591–5.

 16. Yang CM, Hung CL, Su HC, Lin HJ, Chen CH, Lin CC, et al. Leukoaraiosis 
and risk of intracranial hemorrhage and outcome after stroke thromboly-
sis. PLoS One. 2018;13(5):e0196505.

 17. Kongbunkiat K, Wilson D, Kasemsap N, Tiamkao S, Jichi F, Palumbo V, et al. 
Leukoaraiosis, intracerebral hemorrhage, and functional outcome after 
acute stroke thrombolysis. Neurology. 2017;88(7):638–45.

 18. Das S, Mondal GP, Bhattacharya R, Ghosh KC, Das S, Pattem HK, et al. Pre-
dictors of Postthrombolysis outcome and symptomatic Postthrombolysis 
hemorrhage following intravenous thrombolysis with Alteplase for acute 
ischemic stroke. J Neurosci Rural Pract. 2020;11(2):315–24.

 19. Sun H, Liu Y, Gong P, Zhang S, Zhou F, Zhou J. Intravenous thrombolysis 
for ischemic stroke with hyperdense middle cerebral artery sign: a meta-
analysis. Acta Neurol Scand. 2020;141(3):193–201.

 20. Aries MJ, Uyttenboogaart M, Koopman K, Rodiger LA, Vroomen PC, De 
Keyser J, et al. Hyperdense middle cerebral artery sign and outcome 
after intravenous thrombolysis for acute ischemic stroke. J Neurol Sci. 
2009;285(1-2):114–7.

 21. Wahlgren N, Ahmed N, Davalos A, Ford GA, Grond M, Hacke W, et al. 
Thrombolysis with alteplase for acute ischaemic stroke in the safe 



Page 9 of 9Herath et al. BMC Neurology          (2021) 21:434  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

implementation of thrombolysis in stroke-monitoring study (SITS-MOST): 
an observational study. Lancet. 2007;369(9558):275–82.

 22. Chao AC, Hsu HY, Chung CP, Liu CH, Chen CH, Teng MM, et al. Outcomes 
of thrombolytic therapy for acute ischemic stroke in Chinese patients: the 
Taiwan thrombolytic therapy for acute ischemic stroke (TTT-AIS) study. 
Stroke. 2010;41(5):885–90.

 23. Robinson TG, Wang X, Arima H, Bath PM, Billot L, Broderick JP, et al. Low- 
versus standard-dose Alteplase in patients on prior antiplatelet therapy: 
the ENCHANTED trial (enhanced control of hypertension and thromboly-
sis stroke study). Stroke. 2017;48(7):1877–83.

 24. Uyttenboogaart M, Koch MW, Koopman K, Vroomen PC, Luijckx GJ, De 
Keyser J. Lipid profile, statin use, and outcome after intravenous throm-
bolysis for acute ischaemic stroke. J Neurol. 2008;255(6):875–80.

 25. Martinez-Ramirez S, Delgado-Mederos R, Marin R, Suarez-Calvet M, 
Sainz MP, Alejaldre A, et al. Statin pretreatment may increase the risk of 
symptomatic intracranial haemorrhage in thrombolysis for ischemic 
stroke: results from a case-control study and a meta-analysis. J Neurol. 
2012;259(1):111–8.

 26. Scheitz JF, Seiffge DJ, Tutuncu S, Gensicke H, Audebert HJ, Bonati LH, 
et al. Dose-related effects of statins on symptomatic intracerebral 
hemorrhage and outcome after thrombolysis for ischemic stroke. Stroke. 
2014;45(2):509–14.

 27. Tutuncu S, Ziegler AM, Scheitz JF, Slowinski T, Rocco A, Endres M, et al. 
Severe renal impairment is associated with symptomatic intracer-
ebral hemorrhage after thrombolysis for ischemic stroke. Stroke. 
2013;44(11):3217–9.

 28. Whiteley WN, Slot KB, Fernandes P, Sandercock P, Wardlaw J. Risk factors 
for intracranial hemorrhage in acute ischemic stroke patients treated 
with recombinant tissue plasminogen activator: a systematic review and 
meta-analysis of 55 studies. Stroke. 2012;43(11):2904–9.

 29. Chao AC, Liu CK, Chen CH, Lin HJ, Liu CH, Jeng JS, et al. Different doses 
of recombinant tissue-type plasminogen activator for acute stroke in 
Chinese patients. Stroke. 2014;45(8):2359–65.

 30. Yamaguchi T, Mori E, Minematsu K, Nakagawara J, Hashi K, Saito I, et al. 
Alteplase at 0.6 mg/kg for acute ischemic stroke within 3 hours of onset: 
Japan Alteplase clinical trial (J-ACT). Stroke. 2006;37(7):1810–5.

 31. Anderson CS, Robinson T, Lindley RI, Arima H, Lavados PM, Lee TH, et al. 
Low-dose versus standard-dose intravenous Alteplase in acute ischemic 
stroke. N Engl J Med. 2016;374(24):2313–23.

 32. Montalván Ayala V, et al. ‘Controversies in Cerebrovascular Disease: High 
or Low Doses of Recombinant Tissue Plasminogen Activator to Treat 
Acute Stroke? A Literature Review’. Neurología (English Edition), 2020. 
https:// doi. org/ 10. 1016/j. nrleng. 2018. 04. 002.

 33. Tan G, Wang H, Chen S, Chen D, Zhu L, Xu D, et al. Efficacy and safety of 
low dose alteplase for intravenous thrombolysis in Asian stroke patients: 
a meta-analysis. Sci Rep. 2017;7(1):16076.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.nrleng.2018.04.002

	Outcomes of stroke patients undergoing thrombolysis in Sri Lanka; an observational prospective study from a low-middle income country
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


