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Intravenous thrombolysis with recombinant tissue 
plasminogen activator (rtPA) within 3 h of symptom 
onset is currently approved for treatment of acute 
ischemic stroke. It improves the rate of favorable 
outcomes despite the risk of hemorrhagic transformation. 
The number needed to treat to prevent one death or 
disability in this time window is 8.[1] Patients with 
mild to moderate strokes, younger persons, and those 
treated very early have the best chance for a favorable 
outcome.[2,3] Unfortunately, this life-saving, disability-
reducing drug is still underused, the important reasons 
being the narrow time window, the fear of bleeding 
complications, doubts regarding its eff ectiveness, and 
economic constraints. Constant eff orts are required to 
educate the public that stroke is a treatable emergency.

Randomized controlled trials for intravenous 
thrombolysis 

There have been seven randomized controlled trials 
evaluating the role of intravenous thrombolytic agents in 
acute ischemic stroke.[1,4-9] The major trials investigating 
streptokinase used 1.5 MU of streptokinase up to 
6 h aft er stroke onset.[4,6,7] All the three streptokinase 
studies were terminated early due to increased mortality 
and significant increase in the rate of symptomatic 
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intracerebral hemorrhage (SICH), thus ending the hopes 
for the use of streptokinase as a treatment for stroke. 
The high SICH rate in the streptokinase trials is due to 
the large doses of streptokinase used, the large strokes, 
and the delay in starting treatment. The Þ rst reported 
trial of rtPA was the European Cooperative Acute 
Stroke Study (ECASS I), which revealed a signiÞ cant 
increase in SICH in the tPA-treated group (19.8%) vs 
controls (6.5%); there was also an increase in the 30-day 
mortality in the tPA-treated group.[5] The importance of 
early ischemic changes on CT were brought to light in 
this study, which led to improvement in safety standards 
in subsequent studies. The relatively high dose of tPA 
(1.1 mg/kg) that was used in ECASS 1 as compared 
to the other studies (which used 0.9 mg/kg) and the 
time window of 6 h (mean time to treatment was 4.5 h) 
might also have contributed to the increase in the SICH 
rate. In the ECASS II, more stringent adherence to rigid 
blood pressure control and CT criteria resulted in lower 
rates of SICH (8.8% in the tPA-treated group vs 3.4% 
in the control group). Although the primary outcome 
did not demonstrate signiÞ cant beneÞ t from tPA, other 
important clinical outcomes [modiÞ ed Rankin Scale 
(mRS) 0-2] suggested some eff ect.[8] The landmark trial 
for FDA approval for tPA was based on the National 
Institute of Neurological Disorders and Stroke Study 
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Group (NINDS) trials.[1] The NINDS trial (partsA and B)
was the Þ rst and only major trial to demonstrate the clear 
beneÞ t of using intravenous tPA in acute ischemic stroke. 
The global statistic simultaneously tested for eff ect in 
all four outcome measures: National Institute of Health 
Stroke Scale Score (NIHSS), Barthel Index (BI), Glasgow 
Coma Scale (GOS), and mRS. Despite a SICH rate of 
6.4%, there was a 12% absolute increase in the number 
of patients with minimal or no disability in the rtPA-
treated group compared to placebo. Approximately 1 in 
5 (20%) patients also demonstrated dramatic neurologic 
improvement within 24 h (NIHSS 14-point improvement) 
compared to 4% of patients receiving placebo. The most 
important Þ nding in the NINDS trial was the relationship 
between time-to-treatment and effi  cacy. It was found 
that patients treated within 0-90 min had more beneÞ t 
than those treated within 90-180 min.[10] Later, in an 
eff ort to extend the time window for treatment, the 
Alteplase Thrombolysis for Acute Noninterventional 
Therapy in Acute Ischemic Stroke (ATLANTIS) trial 
investigated the efficacy of tPA used within 3-5 h of 
onset of stroke.[9] Unfortunately, statistically signiÞ cant 
beneÞ t was not demonstrated, with high rates of SICH 
in the tPA group (7%) compared to the controls (1.1%). 
However, a meta-analysis of all four tPA stroke trials 
suggests that this drug is beneÞ cial not only within the 
standard 3-h time window, but up to 4.5 h aft er stroke 
onset.[3]

Phase IV experience 

There have been numerous phase IV studies since 
the publications of the randomized trials. These 
trials have provided insights about who is ideal and 
who is less suitable for tPA treatment [Table 1]. The 
Canadian Alteplase for Stroke Effectiveness Study 
(CASES), which was a prospective study to assess the 
eff ectiveness of alteplase in routine clinical practice, 
showed outcomes similar to the NINDS study.[11] In the 
multivariate analysis, an elevated serum glucose level 
before treatment and increased time from stroke onset 
to treatment were independent predictors of SICH. 
Similarly the Safe Implementation of Thrombolysis in 
Stroke-Monitoring Study (SITS-MOST) conÞ rmed that 

alteplase is safe and eff ective in routine clinical sett ings 
when used within 3 h of symptom onset. SITS-MOST 
demonstrated low SICH rates (1.7-7.3%, depending on 
deÞ nition) in over 6400 tPA-treated patients from 285 
stroke centers in 14 countries. Functional independence 
was achieved by 55%.The low SICH rate and the bett er 
functional outcome is probably related to the rigorous 
protocol, which excluded patients with severe strokes 
(NIHSS > 24), patients more than 80 years, and those 
with disability. Importantly, SICH rates were not higher 
in centers new to thrombolytic therapy.[12]

The risk of SICH

Although thrombolysis clearly has the potential to beneÞ t 
individual patients, there is always the question of the 
safety of rtPA in view of the risk of SICH. In the NINDS 
trial, SICH was deÞ ned as a CT-documented hemorrhage 
temporally related to clinical deterioration as judged by 
the treating physician. The recent deÞ nitions are more 
speciÞ c and describe a hemorrhage as symptomatic if the 
patient has a clinical deterioration causing an increase 
in the NIHSS score of ≥ 4 points. In the ECASS study, 
intracerebral hemorrhage was divided by CT appearance 
into hemorrhagic infarction (HI) or parenchymal 
hematoma (PH). HI was deÞ ned as petechial hemorrhage 
within the infarct without a space-occupying eff ect and 
PH was deÞ ned as a conß uent, hyperdense hematoma 
with a space-occupying effect. In the NINDS rtPA 
stroke trial, the risk factors for SICH were severity of 
neurological deÞ cit at baseline and the presence of early 
ischemic changes in the pretreatment scan.[13] However, 

further analysis of the early ischemic changes in the 
CT scans showed that this was not an independent 
predictor of SICH, although NIHSS was an independent 
predictor.[47] In the ECASS I and II, risk factors for SICH 
and HI were severity of neurological deÞ cits at baseline, 
presence of early ischemic changes on the pretreatment 
scan, congestive heart failure, increasing age, and 
treatment with aspirin before thrombolysis. Similar to 
randomized controlled trials, data from real-life clinical 
practice of 1205 patients found that history of diabetes, 
cardiac disease, increasing stroke severity, advancing 
age, use of antiplatelet drugs other than aspirin before 
stroke onset, elevated pretreatment mean blood pressure, 
elevated serum glucose, and early ischemic CT changes 
were associated with tPA-related ICH.[14] It is likely that 
HI carries a much bett er prognosis for patients than 
PH. A trend towards good neurological recovery at 
24 h was seen in patients with HI, suggesting that HI 
may be a marker of early successful reperfusion.[15,16] All 
the previous studies evaluating SICH focused on clinical 
and CT-based variables for assessing the hemorrhagic 
risk aft er thrombolysis. A recent study on MRI variables 
showed that a large baseline Diff usion Weighted Imaging 
(DWI) lesion which achieves early reperfusion is at the 

Table 1: Selection of ideal candidates for tPA

Ideal Less suitable
candidates candidates
Early <90 min[10] Beyond 180 min[3]

Age <60 Age >80[28-31]

Lower BP Very high BP[48]

Normal glucose[11] High glucose[21]

Minimal EIC on CT Extensive EIC
(high ASPECTS)[33] (low ASPECTS)
No leukoaraiosis Severe leukoaraiosis[34,35]

Moderate to severe defi cits[49] Very mild defi cits
Small to moderate clot burden[41] Heavy clot burden
No NINDS protocol violations[11,18,19] NINDS protocol violations
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greatest risk of SICH aft er tPA therapy.[17]

NINDS protocol violation is high risk 

Careful selection of patients for thrombolytic therapy 
is very important for a favorable outcome. There is 
evidence to suggest that when the NINDS protocol is 
violated, the rate of SICH increases. In a study of data 
from 29 hospitals in Cleveland, there was 15.7% SICH 
when the protocol violations were 50%. With decrease in 
the protocol violations to 19%, the SICH rate dropped to 
6.4%.[18,19] In a study from Indianapolis by Yunez et al. the 
rate of SICH was 38% in patients with protocol violations 
and 5% when the NINDS protocol was followed.[20]

Hyperglycemia and tPA

A clear association has been shown between baseline 
serum glucose and / or diabetes with ICH after 
tPA.[13,20] Marked hyperglycemia produces damaging 
eff ects on the microvasculature with increased edema 
and hemorrhagic transformation after reperfusion. 
With every 5.5 mmol/l increase of serum glucose, SICH 
increased signiÞ cantly (OR: 2.26; 95% CI 1.05 to 4.83) A 
serum glucose of > 11.1 mmol/l was associated with a 
25% symptomatic hemorrhage rate.[21] 

Stroke severity and tPA

Initial stroke severity assessed by NIHSS score was 
consistently found to be an independent predictor of 
ICH aft er tPA,.[5,8,13,14] but these patients should not be 
denied thrombolytic therapy as they tend to beneÞ t the 
most. The ideal NIHSS for tPA beneÞ t was NIHSS 6-15.
[11] Prognosis of patients with mild neurological deÞ cit is 
not necessarily favorable. About one-third of acute stroke 
patients who had rapid improvement of neurological 
deÞ cits aft er arrival in hospital had severe neurological 
deterioration later.[22,23] Thrombolysis can improve the 
outcome in these patients.[24]

Intravenous thrombolysis in the elderly

Although patients more than 80 years of age account 
for 30% of patients with strokes, the role of intravenous 
thrombolysis in this age-group is less well deÞ ned. 
There are no randomized trials that focus speciÞ cally 
on elderly patients with acute ischemic stroke. Recent 
cohort studies comparing intravenous rtPA-treated 
stroke patients aged > 80 years with those younger 
than 80 years showed inconsistent Þ ndings. In some 
studies, the risk of SICH in the elderly was higher than 
in younger patients,[26,27] whereas in other studies this 
was not so.[25,28-30] A systematic review showed that 
intravenous rtPA-treated patients aged > 80 years have 

a less favorable outcome than younger patients, but 
the risk of SICH is comparable between the two age-
groups.[31] To get more reliable evidence, we need to 
include more such patients in randomized controlled 
studies. A stroke physician who sees an elderly patient 
with an acute ischemic stroke should carefully assess 
the risk vs the beneÞ t in that patient and the exclusion 
criteria should be rigidly applied before the decision to 
treat. Therefore, an elderly patient who presents within 3 
h of stroke onset and has good prestroke functioning and 
quality of life should still be considered for thrombolytic 
treatment, although the expectations for full recovery 
should be tempered.

Ischemic changes on imaging and tPA

One imaging parameter consistently associated with 
increased risk for SICH is the presence of early infarct 
signs on CT.[5,8,13] The ECASS investigators found that 
if more than one-third of the Middle Cerebral Artery 
(MCA) MCA territory showed signs of ischemia, there 
was a higher risk of SICH. An alternative approach 
for grading early signs of ischemia on the baseline 
CT scan is the Alberta Stroke Program Early CT Score 
(ASPECTS). It is a 10-point scale that rates absence or 
presence of ischemia in 10 regions of the brain.[46] The 
entire MCA territory is evaluated with this scale for the 
extent of early ischemic changes. The scale provides a 
systematic approach to evaluating subtle early ischemic 
changes. The ASPECTS score found a strong association 
with independent outcome aft er thrombolysis when 
ASPECTS was dichotomized 0 through 7 (moderate to 
severe early ischemic change) vs 8 through 10 (mild / no 
early ischemic change). [32] Review of the CT scans from 
the NINDS trial revealed greatest beneÞ t from tPA in 
high ASPECTS score patients (8-10), with more modest 
beneÞ t seen with moderate MCA territory involvement 
(ASPECTS 3-7).[33] Severe leukoaraiosis is also an 
independent risk factor for SICH aft er thrombolysis[34]; 

however, in the study by Palumbo et al., though there 
was an increase in the risk of SICH, the clinical outcome 
at 3 months was not aff ected.[35]

Future role of neuroimaging beyond 3 hours

Studies have shown that selection of patients for 
thrombolysis should not only depend on time but on 
imaging information as well, which helps to decide the 
risk and beneÞ t of thrombolysis. The Desmoteplase in 
Acute Ischemic Stroke (DIAS) trial, which examined the 
effi  cacy and safety of desmoteplase administered 3-9 h 
aft er ischemic stroke, showed that in selected patients 
with a diff usion-perfusion mismatch, there was increased 
reperfusion with bett er clinical outcome.[36] A recent 
study, Diff usion and Perfusion Imaging Evaluation for 
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Understanding Stroke Evolution (DEFUSE), showed 
that patients with diff usion-perfusion mismatch on MR 
were more likely to have early recanalization and bett er 
outcome with intravenous tPA given within 3-6 h aft er 
stroke onset. This was further supported by the recently 
published EPITHET trial:[37] those without a diff usion-
perfusion mismatch did not beneÞ t from tPA. Those with 
large DWI lesions who reperfused were at the maximum 
risk of clinical worsening and ICH.[17] However, the use 
of tPA beyond 3 h should only be as part of institutional 
protocol or clinical trial.

Imaging before thrombolysis

Intravenous treatment with rtPA is approved in 
patients with acute ischemic stroke within 3 h aft er CT-
based exclusion of ICH. Recent prospective open and 
nonrandomized analysis suggested that MRI-based 
treatment yields comparable or higher safety with 
regard to symptomatic intracerebral bleeds and is as 
eff ective as CT-based thrombolysis.[38,39] This is based 
on the perfusion imaging / diff usion-weighted imaging 
(PI/DWI) mismatch concept, where the area of decreased 
diff usion represents the ischemic core of the infarct 
and the PWI/DWI mismatch is a marker of critically 
hypoperfused, yet potentially salvageable, brain tissue 
(ischemic penumbra). In a recent study, MRI-based 
thrombolysis appeared to be safer and more eff ective 
than standard CT-based thrombolytic therapy.[40] But 
in a hyperacute sett ing, noncontrast CT combined with 
CT angiography (CTA) appears ideal and provides all 
the information for decision on thrombolysis. Recent 
work suggests CTA may be ideal to evaluate the extent 
of thrombus burden, which may be critical to successful 
recanalization and outcome.[41] In the 3-h time window, 
whether selection of patients for thrombolysis could be 
improved by evaluation of brain perfusion is not known, 
but during this period cerebral perfusion information 
can be used for selection of patients for thrombolytic 
therapy. However, comparative studies have shown 
that perfusion CT and DWI/PWI are equivalent.[42] With 
perfusion CT, identification of the final infarct and 
the tissue at risk were well correlated with the DWI/
PWIMR results. With the available evidence, within the 
3-h time window, the choice of imaging modality may 
be at the discretion of the treating physician and may 
depend on the institutional protocols, but beyond the 
3-h time window, more patients can be safely selected 
for thrombolytic treatment on the basis of the MRI 
penumbral patt ern.

What we do

In our hospital, if the patient comes within the 3-h time 
window, a CT head is done Þ rst followed by a CTA. The 

CTA gives information on the arterial status and the 
mechanism of stroke. This helps us to decide on the need 
for intraarterial therapy. Irrespective of whether they 
have occlusion or not, patients receive IV thrombolysis 
with alteplase at a dose of 0.9 mg/kg, with 10% of the dose 
given as a bolus and rest as an infusion over the next 1 h. 
In case there is a major arterial occlusion of the internal 
carotid, middle cerebral, or basilar artery, IV therapy is 
followed by intraarterial therapy with alteplase if there 
is no improvement within 30 min of IV tPA. In situations 
with no vessel occlusion, within the 3-h time window 
patients still receive IV tPA since distal occlusions can be 
missed in CTA and lacunar strokes still beneÞ t from tPA. 
If, however, the patient is improving clinically and no 
occlusion is visible, tPA may be withheld because major 
spontaneous recovery can be anticipated. In patients 
who come aft er 3 h, there is no consensus regarding 
tPA administration. We oft en have patients undergo 
additional vascular imaging (CT, CTA, CT perfusion, 
or multimodal MRI with DWI/PWI) and the decision to 
treat depends on the ischemic penumbra. In patients who 
come aft er 3 h, selection for tPA treatment is on a case-
by-case basis and needs additional penumbral imaging 
data. A large North American trial (the Interventional 
Management of Stroke-IMS III study) is ongoing, 
comparing IV tPA with combined IV and intraarterial 
tPA therapy; this may give more information regarding 
selection of patients for intraarterial therapy. 

Problems for thrombolysis

The major hindrance to thrombolytic therapy, both in 
developed and developing countries is the delay in 
patients reaching the hospital. There are many other 
issues of importance in India which needs to be looked 
into. There is a lack of an organized health care system; 
an  Emergency medical services (EMS) system is almost 
nonexistent, which further increases the delay.[43] About 
80% of the population live in rural areas where the health 
care infrastructure is poor and there are many cultural 
beliefs and traditional medicines.[44] The cost of treatment 
has to be borne by the patient as health insurance is not 
very prevalent in the country; most of the patients cannot 
aff ord the cost of treatment. 

Present status of thrombolytic therapy

Although thrombolysis is the only eff ective treatment in 
patients with acute ischemic stroke, < 10% of the patients 
receive thrombolysis. Those who present within 3 h 
and have a vascular occlusion and a good CT scan are 
ideal candidates for thrombolysis. Present guidelines 
exclude patients who wake up with symptoms, patients 
with seizure at stroke onset, and those with mild and 
improving symptoms. A recent study showed that 



S28 Sylaja, et al.: Intravenous thrombolytic therapy in acute ischemic stroke

Annals of Indian Academy of Neurology - Supplement 2008

CTA was a useful modality in diff erentiating Todd�s 
paralysis from early seizure with ischemia by detection 
of intracranial occlusion and may contribute to decision 
making for thrombolysis.[45] 

Conclusion

Acute ischemic stroke is a medical emergency and 
requires urgent treatment. Clinical trial and phase IV 
data has shed substantial light on the factors associated 
with more favorable outcome following treatment with 
tPA [Table 1]. In many special circumstances, like seizure 
at stroke onset, stroke on awakening, age more than 80 
years, and those with rapidly improving symptoms, the 
decision to treat depends on expert judgment. Physicians 
should use modern brain and vascular imaging to aid 
decision making for thrombolytic therapy. Intracranial 
arterial occlusion is the target of treatment and early 
recanalization the goal. Successful use of intravenous 
thrombolysis depends on an understanding of the 
inclusion and exclusion criteria, good organization of the 
treating team who strives for early treatment initiation, 
and strict adherence to the protocol. Intravenous rtPA 
within 3 h of onset should now be standard treatment for 
acute disabling ischemic stroke throughout the world.
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