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AbstrAct

Thrombolysis is one of the proven potential treatments for the management of acute ischemic stroke. 
Intravenous recombinant tissue-plasminogen activator (rt-PA) is the only medically approved 
biological thrombolysing agent for the treatment of acute ischemic stroke within 4.5h of stroke (2.2% 
symptomatic intracerebral haemorrhage, 12.7% mortality and 58.0% functional independence), but 
following the guideline and criteria provided by National Institute of Neurological Disorder and 
Stroke (NINDS) and SITS (Safe Implementation of Thrombolysis in Stroke) studies. Nepal needs to 
evidently introduce intravenous rt-PA in its clinical setting for treatment of acute ischemic stroke, 
which has been approved for more than a decade ago in developed countries. Several modifiable and 
non-modifiable risk factors can affect the outcomes of the treatment with intravenous rt-PA. Early 
modification of factors predicting the risk outcomes can be a beneficial tool to justify the thrombolytic 
treatment. This review aims to discuss the major studies on thrombolysis using rt-PA and main 
factors that can affect the outcomes of treatment in ischemic stroke.
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INtrODUctION

Stroke is one of the global causes of mortality 
and morbidity with nearly 16 million annual first 
ever stroke, causing a total of 5.7 million deaths 
worldwide.1 The total cost for stroke care in the 
United States in 2008 was estimated at $65.5 
billion,2 in 27 European Union countries at €27 
billion3 and the United Kingdom at £8.9 billion per 
annum.4  Due to rapid population aging and lifestyle 
modifications stroke is increasingly hitting Asian 
countries including Nepal.5 Earlier treatment of 
ischemic stroke can lead to favourable outcomes6 
and thus, can reduce the burden to a larger extent. 

Early modification of the useful predictors of 
outcomes after acute and sub-acute stroke such 
as age, neurological condition, blood pressure, 
glucose concentration, body temperature, duration 
of symptoms, scan findings, previous stroke can 
be a beneficial tool for the treatment of stroke.6-8 
This review aims to discuss the major studies on 
thrombolysis using rt-PA and chief factors that can 
affect the outcomes of treatment in ischemic stroke.
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thrombolysis

About 87% of all the cases of stroke are ischemic 
and thromboembolic occlusion is the major cause.9 
The proven interventions for acute ischemic stroke are 
stroke unit, thrombolysis, aspirin and decompressive 
surgery for ischemic stroke; and thrombolysis is among 
the potential treatments used for the management of 
acute ischemic stroke.10-12 

Alteplase or rt-PA is the only medically approved 
biological thrombolysing agent for the treatment of 
acute ischemic stroke. It is also recommended by 
most national and international stroke associations as 
a first-line therapy.9,13 Initially Streptokinase was used 
in routine clinical use but due to safety concerns and 
lack of evidence of efficacy it has been excluded for 
use, but there are other agents such as Desmoteplase, 
Tenecteplase (TNK-TPA), Reteplase and Lanoteplase; 
some of which have been approved for the thrombolytic 
treatment of acute myocardial infarction and have given 
hope for possibility of much safer alternatives in acute 
ischemic stroke.14-17

The NINDS study (1995) concluded that initiation of 
intravenous rt-PA within 3h of stroke onset was at least 
30% more likely to have minimal or no disability at 3 
months as compared to the placebo.13 The intravenous 
use of Alteplase within 3h of stroke onset was 
licensed by the Food and Drug Administration (FDA) 
in North America in 1996 based on NINDS study.14,18 
After the publication of two trials of intravenous rt-
PA administered up to 6h after ischemic stroke, 
Alteplase was licensed in European Union in 2002 for 
the use within 3h of ischemic stroke by setting up 
SITS-MOST (MOnitoring STudy) to assess alteplase 
within 3h of ischemic stroke onset and also initiating 
a European-Australasian Acute Stroke Study (ECASS) 
III randomised trial of alteplase use beyond 3h.14,19 
An observational study from SITS-ISTR (International 
Stroke Thrombolysis Registry) reported Alteplase to be 
safe at 3-4.5h after ischaemic stroke.19 At the moment 
intravenous Alteplase has been approved for treatment 
of acute ischemic stroke in Europe for similar patients 
within 4.5h.18 In all of these study the intravenous dose 
was 0.9mg/kg (10% bolus during one minute and 90% 
infusion over 1 h) and patients were between 18 to 80 
years of age. However, Japan Alteplase Clinical Trial 
(J-ACT) study suggests a dose of 0.6mg/kg for clinical 
efficacy and safety of Japanese patients.20 Recently, 
the third International Stroke Trial (IST-3) had studied 
the effect of thrombolysis with 0.9mg/kg dose of rt-PA 
within 6h of acute ischaemic stroke including wider age 
range of patients (~53% of patients above 80 years) 
further studying the effect on long-term outcomes.21,22 
The IST-3 with its follow-up study showed thrombolysis 

within 6h improved the functional outcome with 
no lesser benefit in elderly, though within 7days 
haemorrhagic episode and death was higher in rt-PA 
treated group as compared to control despite the fact 
that at 6 months similar number of patients had died 
in both the groups. However, the SITS-ISTR for 700 
clinical centres practising thrombolysis in 35 countries 
demonstrated the rate of symptomatic intracerebral 
haemorrhage of 1.6% at 3h and 2.2% within 3-4.5h; 
mortality rate of 12.2% at 3h and 12.7% within 3-4.5h 
and functional independence of 56.3% at 3h and 
58.0% within 3-4.5h.7,9

The initiation of rt-PA requires clinical diagnosis of 
stroke with no evidence of haemorrhage using CT 
before 3-4.5h. Patients of age ≥18 years are only 
included. Intravenous rt-PA is contraindicated in minor 
or rapidly resolving stroke symptoms, in those with 
stroke or serious head trauma within past 3 months, 
major surgery within 24 days, known history of 
intracranial haemorrhage, blood pressure more than 
185/110 mmHg, symptoms suggesting subarachnoid 
haemorrhage, history of gastrointestinal or urinary 
tract haemorrhage within 21 days, arterial puncture at 
non-compressible site within 7 days, received heparin 
within last 48h, has an elevated prothrombin time 
and platelet count<100,000µl. Similarly, the relative 
contraindication of intravenous rt-PA is when there 
has been seizure at the onset of stroke, serum glucose 
<50mg/dl or 400mg/dl, haemorrhagic eye disorder, 
myocardial infarction in the prior 6 weeks, suspected 
septic embolism, infective endocarditis and International 
Normalised Ratio >1.7.12,14

There are several hospital based stroke studies done 
in Nepal, and the majority of them have studied risk 
factors and most of them are descriptive.23 Hence, 
Nepal needs to evidently introduce intravenous rt-PA 
in its clinical setting for treatment of acute ischemic 
stroke which has been approved for more than a decade 
ago in developed countries though there are difficulties 
in implementing in its setting.

reasons  for underuse of rt-PA in ischaemic stroke

A survey on US population found three potential reasons 
namely lower patient education, perception of risk on 
physicians and inadequate reimbursement for low rates 
of rt-PA use in acute stroke.24 Standard use of rt-PA 
relies on administration in short duration of time of 
stroke onset and due to less knowledge or unawareness 
among people about the sign and symptoms of stroke 
they get admitted in the hospital with delay has been 
mentioned. There has been a perception of risk in 
physicians particularly emergency doctors related 
to the use of rt-PA. A study done by Bobrow et al 
(2009) in the USA (Arizona and Missouri) to evaluate 
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the attitudes and knowledge of emergency physicians 
(particularly in primary stroke centres with stroke 
neurology teams) about intravenous rt-PA for acute 
ischemic stroke showed that there is a need of suitable 
predicting models for use by emergency physicians and 
stroke neurologists.25 It was known from this survey 
that most of them who opposed rt-PA were concerned 
about the risk of haemorrhage and many would agreed 
to administer rt-PA to acute ischemic stroke patients 
after a formal consultation with a stroke neurologist 
by telemedicine. Neurology and radiology is equally 
important in settings of all countries but the drug cost 
might be a matter of concern in countries like Nepal.

Factors affecting ischemic stroke

Stroke occurs predominantly in middle and late years 
of life. The modifiable risk factors affecting ischemic 
stroke includes cardiac diseases (mainly atrial 
fibrillation), diabetes, hypertension, hyperlipidemia, 
smoking, alcohol consumption and oral contraceptives 
use. The risk of stroke also depends upon some non-
modifiable factors such as age, gender, race, ethnicity 
and heredity. The major factors have been discussed 
in detail. Knowledge about these risk factors led to 
interventions and preventive measures that reduced 
the incidence of stroke during the last two decades.26 
However, many risk factors are yet to be recognized 
since stroke etiology is not identified in a large proportion 
of ischemic stroke patients. These risk factors also 
affect the outcomes of treatment in ischaemic stroke 
and are vital in predicting the outcomes of stroke after 
intravenous thrombolysis.

Age

Most of the thrombolysis treatment has been conducted 
in patients with acute ischaemic stroke between the 
age group of 18-80 years while the treatment for 
those over age of 80 years has been controversial.27 
A multivariable analysis of data from the SITS-MOST 
(2008) has concluded older age as a predictor of poor 
outcome.19 The Copenhagen Stroke study in 1994 has 
reported that the activities of daily living aspects (stroke 
outcome) is selectively affected by age.28 Analysis of 
this study in 1999 further mentions that 50% reduction 
in the relative risk of poor outcome has been seen with 
10 years decrease in age.29 In contrast, the IST-3 study 
(2012) on rt-PA suggests greater benefit in those older 
than 80 years of age (P=0.027).21

Atrial fibrillation

Evaluation of the raw data from NINDS trial reported that 
rt-PA does not improve neurological outcome in patients 
with atrial fibrillation (AF).30 The Japan Multicenter 
Stroke Investigators’ Collaboration (J-MUSIC) study 

suggest that AF is a predictor of severe stroke and early 
death in patients with acute ischemic stroke.31,32 The 
findings were explained to be independently associated 
with lack of recanalization after administration of rt-
PA and prevalence of rt-PA resistant larger or older 
thrombi in AF patients. However, the J-MUSIC study 
was conducted in small population size, heart disease 
was not routinely evaluated as well as dose of rt-PA in 
Japan (0.6 mg/kg) being lower than the internationally 
approved dose (0.9 mg/kg), which all contradicts the 
significance of the study result.

blood glucose and diabetes

ECASS-II trial reports that acute ischemic stroke treated 
with rt-PA results in poor outcome associated with 
occurrence of hyperglycemia (HG).33 A study done in 
Neurovascular Hospital of Barcelona (2005) suggests 
that acute (not chronic) HG can lead to interruption 
in reperfusion of ischemic pneumbra by interfering 
fibrinolytic process in rt-PA treated patients and therefore, 
early recanalization can be achieved by controlling 
HG.34 A significant difference in recanalization rate 
between patients with low and high admission glucose 
level (p=0.039) was observed without any significance 
in Glycosylated haemoglobin (HbA1c) (p=0.896) and 
fructosamine (p=0.957). It has also been reported that 
there is a significant association of admission glucose 
level >158 mg/dL with lower recanalization rate and 
higher National Institute of Health Stroke Scale (NIHSS) 
score. It has been known that HG decreases fibrinolytic 
activity through glycation of Annexin II. A retrospective 
study in a large urban US health system (2006) on the 
effect of blood glucose (BG) control on mortality after 
acute stroke concluded that normalization of BG <130 
mg/dL during the first 48h significantly (p<0.001) 
reduces mortality by 4.6 times compared to persistent 
HG and mentions glycemic control as an independent 
predictor of survival (p=0.026) even after controlling 
confounders.35 However, the UK Glucose Insulin Stroke 
Trial (GIST-UK) (2007) found that despite significant 
reduction in plasma blood glucose as well as systolic 
blood pressure in insulin treated group, the treatment 
did not show any significant clinical benefits (reduction 
in mortality or other secondary outcomes) as compared 
with the control group.36 Also a prospective cohort 
study on non-diabetic stroke patients reports that the 
stroke mortality rate increases by increased post stroke 
glucose challenge.37

It has been known that diabetes increases the risk 
of stroke two to three times as compared to non-
diabetic patients.38 A study determining the prevalence 
of disturbances in glucose metabolism in patients 
with acute stroke done (2006) found that diabetes 
being associated with poor outcomes of acute stroke 
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(p<0.001) as well as stroke severity along with urinary 
tract infection and female were independently related to 
newly recognized diabetes.38 

blood pressure and antihypertensive therapy

A retrospectively study done to determine the 
association of blood pressure and antihypertensive 
therapy with clinical outcomes in stroke patients 
undergoing intravenous thrombolysis from SITS-ISTR 
(2009) suggested a strong association of high systolic 
blood pressure after thrombolysis with poor outcome.39 
In this study patients with moderate hypertension 
undergoing antihypertensive therapy had favourable 
outcomes than those with a history of hypertension 
with no antihypertensive therapy who had higher 
symptomatic haemorrhage. The results contradicts with 
the earlier studies suggesting less favourable outcome 
after antihypertensive therapy.40,41 However, these 
studies were conducted on small number of patients 
and different outcome measures were used.

Hyperlipidemia

A study on the impact of serum cholesterol level on 
the outcome following ischaemic stroke (2000) showed 
that patients with high cholesterol level had more than 
twice lower risk of death and poor functional outcome 
at one month than those with normal cholesterol.42 In 
contrast the Stroke Prevention by Aggressive Reduction 
in Cholesterol Levels (SPARCL) trial suggests treatment 
of hyperlipidemia with atorvastatin in patients with 
acute ischaemic stroke but without the history of 
coronary heart disease reduced the overall incidence of 
stroke with small incidence of haemorrhagic stroke.43 
However, the Multiple Risk Factor Intervention Trial 
showed the risk of death due to non-haemorrhagic stroke 
increases with the increase in level of serum cholesterol 
whereas there was inverse relationship between the 
risk of death due to haemorrhagic stroke and serum 
cholesterol level.44,45 There has been controversies about 
the increased serum cholesterol and its risk on stroke 
treatment. A meta-analysis showed no association 
between total cholesterol levels and stroke whereas 
another meta analysis showed relative stroke risk with 
cholesterol level above 200 mg/dL.45 Interestingly 
severe white matter hyperintensity (WMH) was found 
in acute ischaemic stroke with hyperlipidemia and thus 
hyperlipidemia may have a protective role in cerebral 
small-vessel disease as WMH is supposed to expose 
diseased small cerebral vasculature.46

smoking

A meta-analysis for determining the relation between 
cigarette smoking and stroke on 32 separate studies 

concluded that cigarette smoking is strongly related 
to risk of stroke.47 The overall relative risk was found 
to be 1.5 (95% CI of 1.4 to 1.6). Furthermore, the 
relative risk increased with increase in dose of smoking. 
Ex-smokers had twice more risk of stroke before 75 
years. Interestingly, studies have shown less incidence 
of haemorrhage in current smokers.19,48 Another study 
also concluded recent smokers receiving thrombolysis 
had lesser median stroke severity and low mortality 
over one year.49

Gender

A systematic review on effect of gender on thrombolysis 
in acute stroke reported inconsistency in literatures and 
suggests for consideration of gender in treatment of 
ischemic stroke.50 Stroke outcome studies on IV rt-
PA have shown more neurological improvement51 and 
arterial recanalization rate52 in women. Evaluation of 
gender differences in the efficacy and safety outcomes 
of IV rt-PA using clinical registry and systematic 
review suggests no gender differences in outcome 
at 3 months among patients treated with IV t-PA.53 
This is also supported by The Serbian Experience with 
Thrombolysis in Ischemic Stroke (SETIS) study54 and 
Canadian Alteplase For Stroke Effectiveness Study 
(CASES).55

However, pooled analysis of randomised controlled 
trials [NINDS, Alteplase Thrombolysis for Acute 
Noninterventional Therapy in Ischemic Stroke 
(ATLANTIS) A and B, ECASS-II] on intravenous rt-PA 
in acute ischaemic stroke have shown significantly 
(p=0.03) less probability of excellent outcome after 
90 days in untreated women as compared to untreated 
men.56 The SETIS study and CASES has also mentioned 
that women might benefit more from intravenous 
thrombolysis in acute ischaemic stroke as they have 
more chance of excellent outcome than men providing 
supporting evidence that studies have shown presence 
of higher activity of Plasminogen Activator Inhibitor-1 
or PAI-1 (an independent predictor of thrombolysis 
resistance) in women than in men.

cONcLUsIONs

The prevalence and incidence of stroke is increasing 
day-by-day worldwide. Ischemic stroke is responsible 
for most of the death caused by stroke. Many factors 
influence the outcome of the stroke recovery as well 
as the treatment. Thrombolysis using rt-PA is one of 
the promising therapies for acute ischemic stroke. 
Most national and international stroke associations 
have recommended Alteplase as a first-line therapy 
for acute ischemic stroke. It has been approved in 
Europe within 4.5 hrs in patients between 18-80 years 
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but its underuse is a matter of concern. The risk of 
haemorrhage has been a major hindrance in the use of 
rt-PA. There is a vital need for a reliable, easy and less 
time-consuming tool that can reduce this perception of 
risk as well as increase the efficacy of the treatment 
protocol by Alteplase. Multivariable analysis of outcome 

predictors would allow identification of patients 
suitable for thrombolysis. Nepal needs to evidently start 
intravenous thrombolysis with the criteria provided by 
NINDS and SITS study. This review mainly focuses on 
articles after 2002 as Alteplase was licensed in Europe 
in 2002. The literature search was also limited to full 
text published articles in English.
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