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Thrombolysis for acute ischemic stroke: results
of the Canadian Alteplase for Stroke Effectiveness Study
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Abstract
Background: Thrombolysis for acute ischemic stroke has remained controversial. The Canadian Alteplase for Stroke Effectiveness Study, a national prospective cohort study, was conducted to assess the effectiveness of alteplase therapy for
ischemic stroke in actual practice.
Methods: The study was mandated by the federal government as
a condition of licensure of alteplase for the treatment of stroke
in Canada. A registry was established to collect data over 2.5
years for stroke patients receiving such treatment from Feb. 17,
1999, through June 30, 2001. All centres capable of administering thrombolysis therapy according to Canadian guidelines
were eligible to submit patient data to the registry. Data collection was prospective, and follow-up was completed at 90
days after stroke. Copies of head CT scans obtained at baseline
and at 24–48 hours after the start of treatment were submitted
to a central panel for review.
Results: A total of 1135 patients were enrolled at 60 centres in all
major hospitals across Canada. The registry collected data for
an estimated 84% of all treated ischemic stroke patients in the
country. An excellent clinical outcome was observed in 37%
of the patients. Symptomatic intracranial hemorrhage occurred
in only 4.6% of the patients (95% confidence interval [CI]
3.4%–6.0%); however, 75% of these patients died in hospital.
An additional 1.3% (95% CI 0.7%–2.2%) of patients had
hemiorolingual angioedema.
Conclusions: The outcomes of stroke patients undergoing thrombolysis in Canada are commensurate with the results of clinical trials. The rate of symptomatic intracranial hemorrhage
was low. Stroke thrombolysis is a safe and effective therapy in
actual practice.
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hrombolytic therapy for stroke was first reported
in 19581 and a subsequent small trial was reported
in 1963 2 in the absence of brain parenchymal
imaging but guided by angiography. The later arrival of
CT scanning was an enabling technological event, and
early dose-finding trials were begun in the 1980s,3–5 with
large randomized trials conducted a decade later. Results of
randomized trials of streptokinase therapy for ischemic
stroke were uniformly negative.6–8 Results of trials of tissue
plasminogen activator (tPA) were mixed in their respective
primary analyses9–13 but overall showed a benefit that wanes

as time from symptom to treatment elapses.14,15 A metaanalysis of randomized controlled trials showed that 55
fewer patients per 1000 treated with tPA within 6 hours after stroke would be dead or dependent at the end of followup compared with patients given placebo.16 Nevertheless,
use of thrombolysis for stroke remains controversial, particularly because it is unclear whether such a therapy that is
dependent on time, technology and infrastructure can be
broadly and safely applied.
In Canada, tPA therapy for stroke was conditionally licensed in 1999. As a condition of approval, a prospective
registry to monitor safety was mandated by the federal government. The Canadian Alteplase for Stroke Effectiveness
Study (CASES) was launched to collect data on outcomes
for all patients treated with tPA in Canada. The purposes
of the study were (a) to assess the safety of alteplase for
stroke in the context of routine care and (b) to assess
whether efficacy demonstrated in randomized clinical trials
could be translated into effectiveness in clinical practice.

Methods
CASES was a prospective observational cohort study.17 All patients given intravenous alteplase therapy for acute ischemic
stroke in Canada from Feb. 17, 1999, through June 30, 2001,
were eligible to be included. Centres were initially recruited from
the membership of the Canadian Stroke Consortium. Subsequently, any hospital that was able to provide thrombolytic treatment according to Canadian guidelines18 was eligible to participate. Information on patient demographic characteristics, baseline
stroke severity and treatment was collected. All centres were required to perform a baseline CT scan and another scan within
24–48 hours after thrombolytic therapy to look for intracranial
hemorrhage.
Outcome events were collected and rated using the modified
Rankin Scale (mRS), which measures functional dependence on a
scale of 0 (no symptoms) to 6 (death), and the National Institutes
of Health Stroke Scale (NIHSS), which quantifies the neurologic
examination. The primary outcome was excellent functional outcome (mRS score 0–1) compared with disability or death (mRS
score 2–6). Secondary binary outcomes included independence
(mRS score 0–2) and complete neurologic recovery (NIHSS
score 0–1). Missing outcome data were imputed using the principle of carrying the last score forward. Safety outcomes were
symptomatic intracranial hemorrhage, any intracranial hemorrhage, serious systemic hemorrhage and angioedema. SymptoCMAJ • MAY 10, 2005; 172 (10)
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matic intracranial hemorrhage was defined as any clinical decline
in neurologic status in the first 24 hours after thrombolytic treatment that occurred between the baseline CT scan showing no
hemorrhage and a follow-up CT scan showing new hemorrhage
consistent with the new or worsening clinical symptoms and
signs. Asymptomatic intracranial hemorrhage was defined as any
hemorrhage on follow-up brain imaging that was not associated
with a decline in neurologic status. A serious systemic hemorrhage was defined as a bleeding episode other than intracranial
hemorrhage that was considered life-threatening by the investigator or resulted in a drop in hemoglobin concentration of
50 g/L or more or required 2 or more units of packed red blood
cell transfusion. Orolingual angioedema was defined as localized
swelling of the tongue, lips or oropharynx within 6 hours after
the start of alteplase infusion.19 Any other serious adverse event
was defined as one that was life-threatening, permanently disabling or sufficiently incapacitating such that the patient required
a prolonged stay in hospital or required prescription drug therapy. All definitions were provided to study centres in a protocol
binder. All outcome events were judged by the local investigator,
who was not blinded to clinical history.
Each centre was asked to submit copies of baseline and followup CT scans for central review by a panel comprised of stroke neurologists and a neuroradiologist (members of the panel are included in online Appendix 1 at www.cmaj.ca/cgi/content/full/172
/10/1307/DC1). The panel rated each baseline and follow-up scan
using the ASPECTS (Alberta Stroke Program Early CT Score);20,21
the median score was used as a consensus score. In addition, the
panel evaluated each baseline and follow-up scan using the ECASS
(European Cooperative Acute Stroke Study) classification to determine the type of hemorrhagic infarction (type 1 or 2) and
parenchymal hematoma (type 1 or 2).
Midway through the study (June 2000), a phone and mail survey of all hospitals with CT scanners in Canada was conducted.
The hospital pharmacy, head of emergency medicine, head of
medicine, head of intensive care and head of neurology and neurosciences were surveyed to determine whether any stroke patients
had been treated with tPA but had not been reported to CASES.
Each centre obtained institutional ethical approval for the data
collection protocol. The design, management, data collection and
analysis of the study were independently funded by a partnership
between the Canadian Stroke Consortium, the Canadian Stroke
Network and the Heart and Stroke Foundation of Canada. The
study was cosponsored by Hoffmann–La Roche Canada Ltd.,
which commissioned the study, helped with infrastructure by supporting regional educational initiatives and paid investigators an
honorarium of $100 per patient.
Data are reported in frequency tables using standard descriptive statistics. Comparison of proportions and 95% confidence intervals (CIs) for proportions were calculated using Fisher’s exact
test. Multivariable adjustment was made using logistic regression
derived from a backwards elimination model. All variables included in the model were statistically significant at p < 0.05. Development of the expected outcome for the cohort was derived
from an equation representing the published logistic regression
model from the results of the National Institute of Neurological
Disorders and Stroke (NINDS) rt-PA Stroke Study22 (Dr. Barbara
Tilley, Chair, Department of Biostatistics, Bioinformatics and
Epidemiology, Medical University of South Carolina: personal
communication, 2002). The relation between ASPECTS score
and outcome was modelled from a logistic regression equation,
with adjustment for age and baseline NIHSS score.
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Results
Data were collected over 2.5 years for a total of 1135
stroke patients at 60 participating centres in Canada. Case
reporting was complete and sequential for centres enrolled
in the study, as reported by the local investigators. Patients
given thrombolysis but not reported to CASES were managed at centres not enrolled in the study. Patients were
given alteplase intravenously at 0.9 mg/kg body weight according to standard guidelines18 and based on estimated
weight. Seventeen patients (1.5%) received additional treatment with intra-arterial alteplase adjuvant therapy, and 151
(13.3%) were enrolled in clinical trials. Of the 151 patients,
146 were in trials of adjuvant neuroprotective therapy (see
Table 1: Baseline characteristics of patients
enrolled in the Canadian Alteplase for Stroke
Effectiveness Study (CASES)
Characteristic
Demographic
Age > 70 yr
Male sex
White
Medical history
Previous stroke or TIA
Hypertension
Atrial fibrillation
Diabetes mellitus
Hypercholesterolemia
Ischemic heart disease
Congestive heart failure
Valvular heart disease
Dementia
History of cancer
Clinical measure
NIHSS score > 15
ASPECTS score > 7
Serum glucose level > 8 mmol/L
Mean arterial pressure on
admission > 100 mm Hg
Type of stroke*
Posterior circulation
Total anterior circulation
Partial anterior circulation
Lacunar
Process measure
Time from stroke onset to
treatment < 120 min
Protocol violation†
High-volume centre‡

% of patients
n = 1135
59.0
54.9
83.2
23.6
50.7
22.2
15.9
19.0
24.9
6.9
3.7
2.1
7.4
44.0
56.8
27.0
61.1
3.5
27.5
63.0
6.0

20.8
13.6
61.1

Note: TIA = transient ischemic attack, NIHSS = National Institutes
of Health Stroke Scale, ASPECTS = Alberta Stroke Program Early CT Score.
*As determined using the Oxfordshire Community Stroke Project (OCSP)
classification.24
†See Table 2 for details about protocol violations.
‡Treated 1 or more patients per month.
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online Appendix 2 at www.cmaj.ca/cgi/content/full/172/10
/1307/DC1), all of which were ultimately neutral in their
respective final analyses. The remaining 5 patients in clinical trials were enrolled in the Interventional Management of
Stroke Study23 and therefore received a smaller amount of
alteplase intravenously (0.6 mg/kg body weight) followed by
up to 22 mg of additional alteplase intra-arterially.
Clinical follow-up was complete for all 1135 patients
within 24 hours after thrombolysis treatment. Complete
90-day follow-up was available for 987 (87.0%); the final
outcome measure (mRS score) for the remaining 148 patients was imputed from the hospital discharge outcome.
Twenty-five patients (2.2%) were lost to all clinical followup after 24 hours after treatment; 2 of these patients were
known to have had symptomatic intracranial hemorrhage
and were presumed to have died in hospital. Therefore, final outcomes were available for 1110 patients. The baseline
characteristics are shown in Table 1.
Stroke severity was high, with a median NIHSS score
of 14 (interquartile range [IQR] 9–19). This degree of
severity is identical to that in the NINDS rt-PA Stroke
Study but more severe than that in the 3 other tPA stroke
trials. The median age of the patients was 73 (IQR 63–80)
years, slightly more men than women were treated, and a
large majority of patients were white. A total of 96 (8.5%)
patients experienced stroke as inpatients. A minority of
patients (14.9%) had an estimated mRS score greater than
2 before stroke, which indicated pre-existing functional
disability.
Among the 936 (82.5%) baseline CT scans available for

0.1

review, the median ASPECTS score was 8 (IQR 6–9). Only
21.5% of the scans had an ASPECTS score of 10, which indicated that a large majority of patients had evidence of
early ischemic change on the baseline CT scan. Of the 895
(78.9%) follow-up CT scans available for review, 28.9%
showed any degree of intracranial hemorrhage. Among the
patients with clinically symptomatic intracranial hemorrhage (4.6%), most (83.8%) of the hemorrhages were classified as parenchymal hematoma according to the ECASS
classification.25 The baseline ASPECTS score was not a predictor of symptomatic intracranial hemorrhage, but it was a
strong predictor of outcome, with lower scores implying a
lower probability of an independent functional outcome
(odds ratio [OR] 0.81, 95% CI 0.75–0.87, per 1-point
decrement in the ASPECTS score) (Fig. 1).
The median time from stroke onset to treatment was
155 (IQR 130–175) minutes. The median door-to-treatment time was 85 (IQR 60–109.5) minutes. Protocol violations occurred in 154 (13.6%) patients (Table 2). More patients with protocol violations than patients treated
according to guidelines had symptomatic intracranial hemorrhage (7.8% v. 3.9%; relative risk [RR] 2.0, 95% CI 1.1–
3.8). However, protocol violations were not associated with
an increased risk of dependence or death at final follow-up
(RR 1.1, 95% CI 0.9–1.3).
Clinical outcomes are shown in Fig. 2. The overall 90-day
mortality was 22.3% (95% CI 20.0%–25.0%). The observed
rate of an excellent outcome was not significantly lower than
the expected rate derived from the NINDS rt-PA Stroke
Study results22 (36.8% and 39.9% respectively; p = 0.15, Fig.
3), and was similar to rates in other reported series.26–36
Serious adverse events occurred in 75 (6.6%) of the patients (95% CI 5.2%–8.2%) (Table 3). Of the 52 (4.6%)
who had a symptomatic intracranial hemorrhage, 39 (75%)
died in hospital. The total 90-day mortality after symptomatic intracranial hemorrhage was 79% (95% CI 65%–
89%), for a rate of fatal intracranial hemorrhage in the
study population of 3.6% (95% CI 2.6%–4.9%). Only 1
patient with symptomatic hemorrhage recovered to a level
of functional independence. One patient underwent a neurosurgical procedure for symptomatic intracerebral hemorrhage but died 3 days later. In a multivariable analysis, only

0

Table 2: CASES protocol violations (n = 154)

Probability of excellent outcome

0.5
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Baseline ASPECTS score

Fig. 1: Baseline ASPECTS (Alberta Stroke Program Early CT
Score) as predictor of an excellent outcome (functional independence) in patients experiencing an acute ischemic stroke.
A higher baseline score is associated with a greater probability of an excellent outcome. Data are based on a fitted logistic
regression model that adjusted for baseline NIHSS (National Institutes of Health Stroke Scale) score, age and baseline serum
glucose level. The curve was generated from point-wise confidence intervals (CIs); the screened area represents 95% CIs.

Violation*
(no. of patients)
Time (137)
Platelets (2)
INR (12)
Dose (7)
CT scan (1)

Violation;* no. (%) of patients
Time

Platelets

INR

Dose

CT

132 (85.7)
1 (0.6)
4 (2.6)
–
–

–
1 (0.6)
–
–
–

–
–
8 (5.2)
–
–

–
–
–
7 (4.5)
–

–
–
–
–
1 (0.6)

*Time = time from stroke onset to treatment > 180 min; platelets = patient enrolled with
platelet count < 100 × 109/L, INR = patient enrolled with international normalized ratio > 1.4,
dose = dose of tPA > 90 mg, CT = patient enrolled with isodense subdural hematoma on
baseline CT scan with no subsequent hemorrhage. There were 159 protocol violations among
the 154 patients.
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an elevated serum glucose level before treatment (OR 1.6,
95% CI 1.2–2.3 per 5-mmol/L increase in baseline serum
glucose level) and an increased time from stroke onset to
treatment (OR 1.2, 95% CI 1.0–1.5 per 30-minute increase
in onset-to-treatment time) were independent predictors of
symptomatic intracranial hemorrhage.
Orolingual angioedema37 occurred in 15 patients (1.3%,
95% CI 0.7%–2.2%) and was managed medically in all but
2 patients, who required emergent management of the airway (intubation in 1 and cricothyroidotomy in the other;
both patients survived). Serious systemic hemorrhage occurred in 4 patients (0.4%): at the site of femoral artery

puncture (for angiography) in 3 and from the oropharynx
in 1. Acute hypotension occurred during alteplase infusion
in 4 patients (0.4%); in each case cardiac disease was ruled
out, and the patients responded to volume expansion with
crystalloid or colloid infusion, and dobutamine in 1 patient.
Of the 60 participating centres, 10 were high-volume
centres (1 or more patients treated per month) and accounted for 61% of the patients. There were 33 community
hospitals and 27 tertiary care hospitals; all of the highvolume centres were tertiary care hospitals. No differences
in the rates of excellent outcome or symptomatic intracranial hemorrhage were observed between the high-volume
and low-volume centres or between the
tertiary care hospitals and the community hospitals. Multivariable adjustment
Residence
49.0
8.8 9.6
22.3
10.4
did not modify this observation.
Excellent
As expected, octogenarians were less
NIHSS
likely than younger patients to have an
Moderate
25.3
24
11.9
22.3
16.6
excellent outcome (RR 0.65, 95% CI
Poor
0.52–0.80).38 However, age of 80 years
Death
mRS
31.8
24.5
21.4
22.3
or greater was not a risk factor for
Not recorded
symptomatic intracranial hemorrhage
Adjusted mRS
36.8
24.6
16.3
22.3
(RR 0.96, 95% CI 0.5–1.8). Blood pressure was lowered acutely before throm0
20
40
60
80
100
0%
20%
40%
60%
80%
100%
bolysis in 8.9% of patients, and this was
% of patients
associated with a reduced chance of an
excellent outcome (RR 0.7, 95% CI 0.5–
Fig. 2: Patient outcomes at 90-day follow-up. Excellent = modified Rankin Scale 0.97). After adjustment for baseline
(mRS) score of 0–1, National Institutes of Health Stroke Scale (NIHSS) score of 0–1 NIHSS score, age, baseline serum gluand discharged home; moderate = mRS score 2–3, NIHSS score of 2–8, transferred to cose level and baseline ASPECTS score,
rehabilitation facility; poor = mRS score of 4–5, NIHSS score of > 8, transferred to a trend to poorer outcome persisted
nursing home. Residence refers to where the patient was living at the 90-day follow- among patients whose blood pressure
up. Adjusted mRS implies difference between mRS score at 90-day follow-up and was lowered. Lowering of blood presmRS score before stroke. This adjustment provides a composite measure of patients
sure did not protect against, nor increase
who achieved either an excellent functional outcome or returned to their baseline
the risk of, symptomatic intracranial
level of function, or both. For example, a patient with a baseline mRS score of 3 who
hemorrhage.
had a score of 3 at 90 days would be rated in the “excellent outcome” category.
In June 2000, an estimated 224 hospitals had active CT scanners,39 of which
80 were registered with the study. Of
the 144 nonregistered sites, we surveyed
27.4
72.6
e(mRS)
placebogroup
group
e(mRS)
placebo
139 and received responses from 107
(77% response rate). We were informed
39.9
60.1
e(mRS)tPA
tPAgroup
group
e(mRS)
at that time that an additional estimated
Excellent
80 patients had been treated (including
Other
36.8
63.2
adj mRS
mRS
Adjusted
those treated with intra-arterial thrombolysis) but had not been reported to
the CASES registry. We estimate that
31.8
68.2
mRS
mRS
CASES accounted for 84% of the alteplase-treated stroke patients in Cana0
20
40
60
80
100
0%
20%
40%
60%
80%
100%
da. Using census data, the estimated
% of patients
number treated and an age-adjusted rate
Fig. 3: Observed versus expected outcomes among CASES patients. Excellent = of ischemic stroke of 117.6 per 100 000
40
mRS score of 0–1, NIHSS score of 0–1, discharged home; other = mRS score of population, we determined that only
2–6, NIHSS score of 2–42, transferred to rehabilitation facility; e(mRS) = expected 1.4% of 90 200 patients with ischemic
outcome, derived using regression equations from the National Institute of Neuro- stroke received thrombolysis during the
logical Disorders and Stroke rt-PA Stroke Study.22
study period.
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Interpretation
CASES captured the first 2.5 years of open-label alteplase use for acute ischemic stroke in Canada, providing a
framework for the development of acute stroke protocols
across the country. A return to a pre-stroke level of functioning was seen in 36.8% of the patients. This observed
outcome compares favourably with the expected outcome
derived using results from NINDS rt-PA Stroke Study. It
is important to note that the CASES patients represent patients receiving a treatment in actual practice and not a
selected clinical trial population. Our results give substantial credence to the generalizability of the results of the
NINDS rt-PA Stroke Study13 and pooled results from
meta-analyses.15,16,41
The rate of symptomatic intracranial hemorrhage was
lower than that seen in major trials of thrombolysis. This
may reflect differences in the types of patients treated. Alternatively, unblinded assessment of outcomes may have
resulted in underestimation of the true rate. Finally, it is
possible that our reported rate underestimates the Canadian national rate because sites not reporting their results
to CASES may have been more likely to have treated patients who experienced adverse events. Notably, only 1 patient was referred for neurosurgical intervention after
symptomatic intracranial hemorrhage, and this patient did
not survive. This low rate of referral may represent a belief
that nothing further could be done for such patients42 and is
consistent with the lack of current surgical evidence suggesting benefit of craniotomy for spontaneous intracerebral
hemorrhage. Three-quarters of the symptomatic hemorrhages were fatal, a rate higher than that observed in the
NINDS rt-PA Stroke Study. However, given that the rate
of symptomatic intracranial hemorrhage was lower in
CASES than in the NINDS trial, the 2 trials had a similar
90-day mortality from intracranial hemorrhage.
The observation that orolingual angioedema, an uncommon but potentially serious adverse event, was more frequent among CASES patients (1.3%) than among patients
receiving thrombolysis for myocardial infarction (0.02%)43
is an important feature of this treatment surveillance study.
The mechanisms of orolingual angioedema may be related
to angiotensin-converting-enzyme inhibitors and the location of the infarction.37
Table 3: Adverse events in CASES patients
No. of
patients

% of patients
(95% CI)

Symptomatic intracranial
hemorrhage
Major systemic bleeding
Orolingual angioedema
Acute hypotension

52
4
15
4

4.6 (3.4–6.0)
0.4 (0.1–0.9)
1.3 (0.7–2.2)
0.4 (0.1–0.9)

All

75

6.6 (5.2–8.2)

Adverse event

Note: CI = confidence interval.

Canadian neurologists were half as likely as those in previous case series to break protocol;44 nevertheless, protocol
violation was an important predictor of symptomatic intracranial hemorrhage.
The CASES results should be interpreted with recognition of the study’s limitations. Case ascertainment was not
complete, and therefore selection bias may have influenced
the results. Also, Canada’s health care system, with its centralized infrastructure, allows the natural development of
stroke centres; therefore, generalizability to other jurisdictions may not follow.
The average time from stroke onset to treatment was
2.5 hours, and the average door-to-treatment time was
well over the 1-hour target set by the NINDS in 1997.45
The estimated proportion of the stroke population treated
was less than 2%, similar to the proportion in the United
States.46 These treatment rates are low despite good access
to basic technology such as CT scanning in both countries.47 The CASES data supplement the clinical trial data
and argue for more widespread development of infrastructure and training of stroke physicians to deliver thrombolytic therapy to people experiencing acute ischemic
stroke.
A set of PowerPoint slides that summarizes the methods and
results of the Canadian Alteplase for Stroke Effectiveness Study
(CASES) is available online for teaching or study purposes
(www.cmaj.ca/cgi/content/full/172/10/1307/DC2).
This article has been peer reviewed.
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