
Stroke is the third most common cause of death and a major
cause of neurological disability worldwide. Hope that the
traditional nihilistic approach to acute stroke care would change
followed the publication of the positive National Institute of
Neurological Diseases and Stroke (NINDS) trial1 of alteplase
(recombinant tissue plasminogen activator) in acute ischemic
stroke. The approval of the drug by the US Food and Drug
Administration, as well as endorsement by the A m e r i c a n
Academy of Neurology and the American Heart Association2,3

further increased the interest within the medical community for
this new ischemic stroke treatment. The trial suggested that the
benefit was substantial with an extra 16 independent survivors
per 100 patients treated.

However, the results of the NINDS trial have not been
replicated by other clinical trials using alteplase.4,5,6 These
results have enhanced the controversy over the use of alteplase
in acute stroke. While many clinicians have enthusiastically
endorsed the use of alteplase for the treatment of acute ischemic
stroke, others are concerned about the risk of symptomatic
intracerebral hemorrhage and of the proven efficacy of the
treatment in all stroke subtypes.7,8 

R e c e n t l y, the drug was approved in Canada for acute
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ischemic stroke according to the NINDS protocol. A post-
marketing surveillance study, the Canadian Activase for Stroke
Effectiveness Study, mandated by the Health Protection Branch
as a condition of approval, is underway.9

In this article we discuss whether the enthusiasm for the use
of the treatment is justified, introduce new guidelines for the use
of alteplase in Canada, and provide a way to remedy the
uncertainties that exist in the use of this novel agent for acute
ischemic stroke.

THE CURRENT LITERATURE

The pivotal NINDS trial1 was the first positive thrombolytic
study; despite an increased incidence of symptomatic
intracerebral hemorrhage (ICH) in the treatment group (6.4%
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receiving treatment versus 0.6% in controls), treatment with
intravenous alteplase within three hours of the onset of ischemic
stroke significantly improved clinical outcome at three months.
Longitudinal data suggest benefit out to 12 months.10

The initial study was, in fact, two trials. Part 1 tested whether
alteplase had clinical activity, indicated by an improvement at 24
hours from stroke onset of four points over baseline values of the
National Institute of Health Stroke Score (NIHSS) or the
resolution of the neurological deficit. Part 2 used a global test
statistic (combining four accepted stroke scales) to assess
clinical outcome at three months.

While the results from Part 2 are straightforward with an
Odd’s Ratio of 1.7 in favour of treatment, in Part 1, there was no
significant difference between the percentage of patients with
neurological improvement at 24 hours (although benefit was
observed for these patients at three months for all of the
predefined end points). This neutral result in Part 1 caused some
to question the treatment benefit observed at the three-month
follow up. However, this dichotomy was likely due to the choice
of an insensitive endpoint. The median NIHSS score
improvement in both Part 1 and 2 at 24 hours were significantly
better than the placebo group. The originally defined four-point
threshold for declaring early neurological improvement was
unduly conservative, a factor that many of the investigators
explained by the absence of good natural history data available
prior to the design of the trial. If the analysis is repeated and the
threshold for neurological improvement is varied between four
and 14 points, above a threshold of five points, the difference in
proportion of patients with early neurological improvement in
favour of alteplase is consistently significant. These results were
replicated in Part 2.11 Therefore both placebo and alteplase
treated patients showed neurological improvement at 24 hours,
but alteplase treated patients improved more.

In the European Cooperative Acute Stroke Study (ECASS) I,4

patients were enrolled within six hours of stroke in a randomised,
double blind, placebo-controlled trial. Eighty percent were
treated more than three hours after stroke. Those assigned to
active treatment received alteplase in dose of 1.1 mg/kg up to a
total of 100mg. The study failed to find a significant benefit in
the intention to treat analysis for the primary end points (Barthel
Index and modified Rankin Scale scores). However, a proportion
of patients actually violated the inclusion criteria as determined
by the presence of early signs of infarction on the CTscan. When
these patients were excluded, benefit was seen for the treated
patients (target population).

In 1998, ECASS II was published.5 This trial enrolled 800
patients in Europe, Australia and New Zealand, and randomised
them to alteplase 0.9 mg/kg or placebo within six hours of
symptom onset. The investigators were successful in excluding
patients with early infarct signs (as defined from ECASS I).
However, in this study, 80% of patients were enrolled late,
between three to six hours of symptom onset. No significant
treatment benefit was seen in the primary end point. In a post hoc
analysis using independent recovery, (Rankin 0-2), a significant
benefit was seen with 54% of the alteplase-treated patients
versus 46% placebo being independent. 

The Alteplase Thrombolysis for Acute Non-interventional
Therapy for Acute Ischemic Stroke Part B (ATLANTIS)6 is the
third randomised trial evaluating alteplase with the majority of

patients being treated between three to five hours. A comparison
of the ATLANTIS Part B trial with ECASS II trial suggests that
the two trial populations were quite similar with baseline median
NIHSS scores of 10 and 11 respectively. The major reason that
both ECASS II and ATLANTIS were unable to show a treatment
effect was that the incidence of spontaneous recovery in the
placebo group was 40% in both studies probably because
relatively mild strokes were recruited. However, in the
ATLANTIS trial, 6 treatment with alteplase produced a
significant increase in the percentage of patients in the target
population with major neurological improvement (defined as an
11-point improvement or full recovery). 

The major concern regarding the use of alteplase is the
balance of risk and benefit. In all four alteplase acute stroke
trials, allocation to alteplase was associated with an excess of
early fatal intracranial hemorrhages (1.3% in controls vs. 4.4% in
treated patients) representing an excess of 31 per 1000 patients
treated.11 Available data on symptomatic intracranial hemorrhage
in the first 36 hours, in all time windows, shows an increase from
3% in controls to 10% in treated patients, representing an excess
of 73 (95% CI 55 to 90) bleeds per 1000 treated. While treatment
with alteplase leads to early excess ICH, this is counterbalanced
by a lower frequency of postischemic space-occupying oedema.5

This may reflect hemorrhagic transformation of large infarcts
with severe brain oedema in patients treated with alteplase.
Nevertheless, the overall benefits in these studies were
substantial, with 58% dead and dependent in the control group
compared to 51% in the alteplase group, representing an extra 76
(95% CI 38 to 113) independent survivors per 1000 treated out
to six hours.12 The benefit takes into account the increase in
symptomatic intracerebral hemorrhage.

In ECASS II, NINDS, and ATLANTIS trials, there was no
increase in either early or late mortality. It may, therefore, be
argued that the greater risk to the patient may come from
withholding alteplase treatment. But can alteplase be justified in
every stroke patient? It seems unlikely that every stroke patient
has a three-fold increase risk of symptomatic intracranial
bleeding. For some patients the risk is much less or even
negligible, for others it is much higher. While it is becoming
clear that greater early CT ischemic change implies a higher risk
of symptomatic intracerebral hemorrhage,13,14 further trials and
experience are needed to identify specific patient subgroups that
are more or less likely to benefit.

FEASIBILITY

Despite the proven efficacy in the NINDS trial, use of this
therapy remains limited by concerns about its safety outside a
carefully controlled clinical study.A study of over 1000 patients
treated in 30 stroke centres demonstrated a 6% symptomatic ICH
rate,15 a rate similar to that observed in the NINDS trial. These
figures, however, vary among studies. Preliminary analysis, for
instance, from the Minnesota community project identified
symptomatic ICH in 9% of patients with 6% being fatal.16

As with other treatments such as endarterectomy for
symptomatic carotid stenosis, and anticoagulation for atrial
fibrillation, the benefits are dependent on the complication rate
being low.17,18 Similarly, with thrombolysis for acute ischemic
stroke, the benefit is related to patient selection, physician
expertise and the adherence to the NINDS protocol.19 The

THE CANADIAN JOURNALOF NEUROLOGICALSCIENCES

THE CANADIAN JOURNALOF NEUROLOGICALSCIENCES Volume 27, No. 4 – November 2000 284

https://doi.org/10.1017/S0317167100001001 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100001001


potential public health impact or cost effectiveness of alteplase in
acute ischemic stroke is not known.

In the NINDS trial, only 4% of those screened were eligible
for the study. Many have argued that because of the limited time
window and restrictions of eligibility, treatment with alteplase
may only benefit single patients but will have no impact on the
general prognosis of stroke.20 A similar situation arose with the
use of thrombolytic therapy in acute myocardial infarction (MI)
in the early 1980s. Even after there was convincing evidence
regarding the efficacy of thrombolysis in MI only approximately
10% of eligible patients were being treated in North America.21

Enthusiasm and confidence in the treatment are required to
provide an infrastructure that allows greater patient access to the
therapy. Recently, the NINDS group presented evidence that
earlier treatment is better.22 In Cologne,23 a referral system was
developed which directed eligible patients throughout the city to
a highly experienced acute stroke service. In this setting, more
than 20% of referred patients were treated with alteplase within
three hours with one in four treated within 90 minutes of
symptom onset. 

NEWTHROMBOLYSIS GUIDELINES

As clinicians become more familiar with the use of this
therapy in Canada and more information becomes available
about the use of alteplase in acute stroke, there is a need to
continuously revise the initial recommendations for the use of
alteplase.24 For instance, it is no longer a requirement to have
neurosurgical facilities available on a 24 hour basis to manage
hemorrhagic complications. This was never a stipulation of the
NINDS protocol, it has practical difficulties and experience has
suggested that neurosurgical intervention is rarely undertaken in
the setting of symptomatic ICH.25 Similarly, neuroradiological
expertise is not required on a 24 hour basis to aid in the detection
of early CT ischemia and ICH as long as the attending clinician
is both comfortable and familiar with the radiological features.
We feel it necessary to remove the CT exclusion of ischemia
involving greater than 33% middle cerebral artery territory
because of its poor reliability.13,26-29 We propose the use of the
Alberta Stroke Program Early Computed Tomography Score to
quantify early CT ischemic change which has better inter-
observer reliability compared to the 1/3 middle carotid artery
territory.14 Treatment can be justified in the presence of early CT
ischemic change but the risk of symptomatic ICH increases. The
only broad recommendation that should remain is for the therapy
to be administered by a physician with expertise in the diagnosis
and management of acute stroke. Our current suggested
guidelines are summarised in the Table.

THE FUTURE

While we can recommend the use of alteplase for acute
ischemic stroke patients within three hours of symptom onset in
centres that have proven expertise and experience, there remain
considerable uncertainties. Intravenous alteplase is not a panacea
for all stroke subtypes. It is important to identify clinical criteria
that can help identify those at high risk of intracerebral
hemorrhage. Uncertainties also exist regarding other factors, for
instance, the very elderly, stroke severity, blood pressure
management and the therapeutic tissue window. Clearly, some

patients that were treated between three to six hours did benefit
as indicated by the post hoc analysis of ECASS II, but can they
be identified?

Developments are also taking place in the field of
neurovascular imaging, which has paralleled renewed interest in
the concept of the ischemic penumbra. A promising noninvasive
approach that combines high-resolution imaging with the
possibility of repeated measurements is diffusion weighted
imaging.30 However, while MRI will offer important insights
into the pathophysiology of acute stroke, its current practical use
is limited by restricted accessibility and there is no evidence that
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Table: Practical guidelines for the use of alteplase for acute
ischemic stroke

Inclusion criteria:
• Acute ischemic stroke with clearly definable time of onset 
• Patient presenting early enough so that thrombolytic infusion may be

started within three hours from symptom onset

Absolute contraindications:
• Pre-treatment CT scan on 3rd or 4th generation scanner showing:

hemorrhage, mass effect or oedema, tumour, or arteriovenous
malformation

• TIAor stroke with rapidly improving deficit
• History and examination compatible with subarachnoid hemorrhage
• Blood pressure > 185/110 after two attempts to reduce BP to this

level or below
• Major surgery or trauma in the last 14 days
• Previous history of intra-parenchymal CNS bleeding
• Intracranial surgery or intraspinal surgery < two months
• Active internal bleeding
• Arterial puncture at a noncompressible site in the last seven days
• History of haematological abnormality OR coagulopathy, OR

anticoagulation for any reason (PT>15sec, INR>1.7, PTT>40sec,
platelets<100x10^9/l)

• Previous anaphylactic response to alteplase

Warnings (i.e. consider risks and benefits):
• The rare instance of the CT scan showing obvious hypodensity

involving most of the MCAterritory (low ASPECTS)
• Stroke or head injury (skull fracture or concussion) in the preceding

three months
• Recent transmural myocardial infarction in the previous two months

(increased risk of cardiac tamponade)
• History of GI or GU hemorrhage in the prior 21 days
• Glucose < 2.7 mmol/l or > 22.2 mmol/L as extremes of glycaemia

can mimic stroke symptoms
• Seizure at stroke onset because this may mimic stroke symptoms or

confuse the severity of the stroke
• Pregnancy
• Endocarditis (risk of bleeding into septic foci), acute pericarditis

(risk of cardiac tamponade)
• Serious underlying medical illness which may make the

administration of alteplase dangerous (liver failure), or which may
restrict the potential benefit (co-morbid factors).

https://doi.org/10.1017/S0317167100001001 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100001001


it will allow safer administration of thrombolytics. What may
improve acute stroke care is information regarding the vascular
pathology which will allow the monitoring of recanalisation
induced by thrombolysis.

Transcranial doppler, CT angiography and MR angiography
can diagnose vascular occlusions safely, quickly, accurately and
s p e c i f i c a l l y.3 1 The detection and monitoring of a vascular
occlusion is of particular relevance following the publication of
the positive Prolyse in Acute Thromboembolism II trial which
used intra-arterial prourokinase and has demonstrated that the
therapeutic window for a significant number of patients may
extend to six hours in highly selected stroke patients.32

Currently, from a world perspective, the attitudes towards
alteplase treatment for acute ischemic stroke within Canada lie
somewhere between the overwhelming enthusiasm for the
treatment as seen in the US and the entrenched nihilism seen in
parts of Europe.33 If the NINDS trial, by the play of chance,
overestimated the benefits of alteplase, the slow uptake of
thrombolysis around the world may be an appropriate response.
Similarly, if the selection criteria that are now being applied to
the use of alteplase are unduly restrictive, then a large number of
patients will be denied an effective therapy. Some investigators
have suggested that many of these insecurities can be potentially
answered by the International Stroke Trial III which proposes to
randomise 6000 patients in a placebo-controlled study within six
hours of stroke symptom onset. The proposed trial is in danger of
being a further three to six hour study because of the ethical
concerns of randomising patients presenting within three hours
of symptom onset in countries where the therapy has received
approval, such as the US and Canada. There are doubts that a
large study will help us understand why some patients do not
respond to alteplase. Future stroke trials should concentrate on
improved patient selection based on our current understanding of
the pathophysiology of the disorder through the use of
noninvasive neuroimaging. 
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