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The evidence-to-practice gap in the treatment of 
acute stroke is thought to be large on a population 
basis.1 Although treatments have evolved rapidly, 

their uptake and application have been slow and inconsis-
tent.1 The use of thrombolysis for acute ischemic stroke is an 
important quality indicator and is a focal point of interna-
tional quality-improvement initiatives.2–4 The rates of use of 
acute thrombolysis in the United States,5 Ireland,6 the United 
Kingdom7 and Sweden8 represent too small a fraction of the 
total number of ischemic strokes.

The use of thrombolysis as an effective treatment for stroke 
has wrought much system change. Although there is unequivo-
cal evidence for the benefit of timely thrombolysis,9 it is a diffi-
cult therapy to administer appropriately, in large part because 
of the tremendous need for speed in application and careful 
clinical judgment.10 Teams of health care providers must work 
in concert, very rapidly, making the correct decisions to achieve 
good outcomes. Results from a Finnish prospective registry of 

consecutive cases of ischemic stroke treated with tissue plas-
minogen activator and a series of concurrent time-saving inter-
ventions implemented in a Helsinki emergency department 
have shown that very fast treatment is possible, but it is 
dependent on a well-functioning global system pushing data 
collection into the prehospital phase and direct linkage of the 
prehospital and in-hospital response teams.11 Previous Cana-
dian data from a national prospective cohort study showed a 
low rate of thrombolysis and slow treatment times.12

We sought to assess the quality of acute stroke care in 
Canada by conducting a national chart audit. Our key indica-
tor was the rate of thrombolysis in stroke.
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Background: The use of thrombolysis in acute stroke is an important indicator of the quality of stroke care, because it requires health 
care providers to work collaboratively, rapidly and accurately to optimize patient outcomes. We sought to assess the quality of hyperacute 
stroke care in Canada using the rate of thrombolysis as the key indicator.

Methods: We used national administrative data and a chart audit in a retrospective cohort design. We identified discharge diagnoses 
of stroke in the 10 Canadian provinces between 2008 and 2009. We drew a sample (over-weighted by population and hospital size) for 
a detailed chart review that was focused on identifying indicators of acute stroke care. We determined the proportions of thrombolysis 
use, complications and outcomes, adjusted for age and sex and stratified by type of hospital.

Results: Our final audit sample included 9588 patient charts, representative of 88% of the 43 651 cases of stroke for which patients were 
admitted to hospital in Canada. A total of 5.4% (95% confidence interval [CI] 5.1–5.6) of patients with stroke and 6.1% (95% CI 5.8–6.4) of 
patients with ischemic stroke received thrombolysis. Comprehensive stroke centres used thrombolysis in about one-third of ischemic 
cases — double the rate seen in primary stroke centres. Often (35%–49% of the time), thrombolysis was not given owing to an interval of 
more than 4.5 hours between stroke onset and arrival at hospital.

Interpretation: The use of thrombolysis for acute stroke in Canada remains low and is limited by delays in both the arrival of 
patients to hospital and the in-hospital processes of neuroimaging and thrombolysis administration. Our data show the critical need 
for concerted national efforts to improve education regarding the treatment of acute stroke and speed up stroke management in the 
hospital setting.

Abstract



E234	 CMAJ OPEN, 2(4)	

Research

CMAJ  OPEN

Methods

Study population
Participants were selected based on national administrative 
data from the Canadian Institute for Health Information. All 
patients with a discharge diagnosis of stroke admitted between 
Apr. 1, 2008, and Mar. 31, 2009, were eligible for inclusion in 
the study. The diagnosis of stroke was considered using the 
following codes from the International Statistical Classifica-
tion of Diseases and Related Health Problems, 10th Revision 
(ICD-10): I60, I61, I63, I64, G45. Only the most responsible 
or first-position diagnosis was considered.

Setting
Participants were from Canada’s 10 provinces. We excluded 
data from the 3 territories owing to their small populations. 
Privacy assessments and ethical board reviews were conducted 
in each province. We drew weighted random samples for 
detailed chart review for all of the provinces, with the excep-
tion of Manitoba. The sample from Manitoba was nonrandom 
and was drawn from 2 regions that included 7 hospitals at the 
discretion of the provincial health authority. We excluded 
cases from hospitals with fewer than 20 admissions for stroke 
per year. We over-weighted sampling by population and hos-
pital size for smaller provinces and under-represented popula-
tions. Thus, our sample is not a simple random sample; it is a 
weighted sample that is representative of the total burden of 
stroke in Canada. We classified each hospital as either a “com-
prehensive stroke centre” or a “primary stroke centre” depend-
ing on whether they met the specific criteria for such designa-
tions published in the literature (Box 1);13,14 we classified 
hospitals not satisfying these criteria as “other.”

Sources of data
We sourced all administrative data from the Canadian Insti-
tute for Health Information and from the Institute of Clinical 

Evaluative Sciences in Ontario. We obtained all chart audit 
data directly.

Data extraction
Charts were audited on site by 51 trained chart abstractors. 
The abstractors received a day-long training session, followed 
by a supervised onsite day to abstract their first charts. At least 
5 charts per abstractor were selected randomly for re-abstrac-
tion to check reliability. Each chart was reviewed to obtain 
patient demographics, prestroke independence, cardiovascular 
comorbidities, severity of neurologic deficits and indicators of 
acute stroke care. These indicators included whether or not 
the patient received thrombolysis, arrival by ambulance, and 
the time from onset of symptoms and presentation to hospital 
to receiving a computed tomography (CT) scan or thrombol-
ysis. Outcome indicators were in-hospital death at 7 and 30 
days, hemorrhagic transformation and length of stay in hospi-
tal. If a patient with acute stroke did not receive thrombolysis, 
the reasons why were recorded whenever available.

Data were recorded online, stored in a secure central data-
base, anonymized and pooled. We combined the results of an 
internal Ontario chart audit for the same period (conducted by 
the Institute for Clinical Evaluative Sciences using the same 
methods) with those of the current audit of the remaining 9 
provinces to yield a national database. We cleaned the data by 
removing duplicate charts, cases in which more than 30% of 
the audit data were missing and cases in which a most respon-
sible diagnosis was not acute stroke or not documented.

Statistical analyses
We used standard descriptive statistics for all analyses. We 
applied a statistical weighted adjustment to the audit results 
based on hospital stroke volumes and the number of charts 
sampled to avoid potential bias resulting from unequal sam-
pling and to ensure that the results were representative of 
stroke care across Canada. We adjusted rates for age and sex 
using the direct method to the 2001 Canadian census.15 We 
adjusted for comorbidities using the Charlson index stratified 
into 3 categories (0, 1, or 2 or more comorbid diagnoses).16 
We reported proportions of thrombolysis use, complications 
and outcomes stratified by type of hospital.

Results

We identified 43 651 cases of stroke resulting in admission to 
624 hospitals during the study period (Table 1). Most of these 
cases (87.5%) were admitted to the 295 hospitals included in 
our audit (Table 1). Using weighted sampling of the adminis-
trative database, the target chart audit sample consisted of 
10 130 records, of which we recovered 9940 available hospital 
charts from centres in 10 Canadian provinces. We excluded 
charts with missing data (n = 142) or a clear nonstroke diagnosis 
(n = 143), as well as duplicate records (n = 67). Thus, we 
included 9588 patient charts from 295 hospitals in our audit 
sample; this is 23.0% of the admissions for stroke that 
occurred during the study period, and all of which remained in 
the final dataset after cleaning. After we applied the weighting 

Box 1: Characteristics of comprehensive and primary stroke 
centres13,14

Comprehensive stroke centre

•	 Advanced thrombolytic capability, including endovascular 
treatment

•	 Neurosurgical capability

•	 Stroke unit care

•	 Advanced neurovascular imaging capability

•	 Interdisciplinary stroke team

•	 Responsibility for stroke service coordination across a region

Primary stroke centre 

•	 Capability to provide acute medical thrombolysis (i.e., 
intravenous administration of tissue plasminogen activator)

•	 Stroke unit care

•	 Interdisciplinary stroke team (but may not be as complete or 
available as in a comprehensive centre)

• 	 Computed tomography on site

• 	 Responsibility for stroke service within a site
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adjustment, our total audit sample represented 38 206 (87.5%) 
cases of stroke (33 561 cases of ischemic stroke and 4648 cases 
of hemorrhagic stroke).

Overall, 5.4% (95% confidence interval [CI] 5.1%–5.6%) of 
patients with stroke in Canada received thrombolysis. Because 
thrombolysis is contraindicated in hemorrhagic strokes, we also 
determined the proportion of patients with ischemic stroke who 
received thrombolysis (6.1%, 95% CI 5.8%–6.4%; Table 2). 
Rates by province from the national audit have been previously 
published.17 Comprehensive stroke centres treated about one-
third of the ischemic strokes and provided thrombolysis at a rate 
double that of primary stroke centres (11.0% [95% CI 10.4–
11.6] v. 5.7% [95% CI 5.2%–6.2%]; Table 2). Most patients 
who received thrombolysis arrived by ambulance, and the mean 
interval between stroke onset and treatment was 4.2 (standard 
error [SE] 0.7) hours across all hospitals (Table 3). Of patients 

who received thrombolysis, 13.6% died within 30 days and 
7.3% underwent hemorrhagic transformation (Table 4). The 
mean length of a patient’s stay in hospital was 16 [SE 1.6] days 
(Table 4). The most common reason for not using thrombolysis 
was an interval between stroke onset and arrival to hospital of 
more than 4.5 hours (42.3%, Table 5).

Interpretation

In this retrospective cohort study involving a national chart 
audit, we used a comprehensive estimate of the total stroke 
volume in Canada and then carefully reviewed charts to esti-
mate the rate of thrombolysis for acute stroke. Overall 
thrombolysis rates were low, with higher rates at comprehen-
sive stroke centres, and were most often limited by a delayed 
presentation to hospital.

Table 1: Numbers of hospitals and patients with stroke identified in a national chart audit involving all 
10 Canadian provinces during the study period

Province

Total Eligible hospitals only

Final sampleNo. of hospitals

No. of 
admissions for 

stroke No. of hospitals

No. of 
admissions for 

stroke

British 
Columbia

   81   5 690   46   5 446 1 198

Alberta   88   3 668   22   3 194    880

Saskatchewan    61   1 787   13   1 385    271

Manitoba    57   1 633     7   1 030    231

Ontario  145 16 589 103 15 076 2 567

Quebec   101 10 633   66   8 773 1 621

New Brunswick    22   1 419   12   1 293 1 007

Nova Scotia    32   1 191   12   1 108    998

Prince Edward 
Island

    7      231    4      239    212

Newfoundland 
and Labrador

  30      810   10      666    603

Totals 624 43 651 295 38 210 9 588

Table 2: Proportion of patients with stroke who presented to Canadian hospitals who received 
thrombolysis during the study period

Type of stroke, hospital

Unweighted Weighted sample

n/N n/N* % (95% CI)

Overall 480/9 588 2 049/38 206 5.4 (5.1–5.6)

Ischemic stroke† 480/8 464 2 049/33 561 6.1 (5.8–6.4)

Comprehensive stroke centre 297/3 175 1 364/12 400   11.0 (10.4–11.6)

Primary stroke centre 162/2 869   569/10 008 5.7 (5.2–6.2)

Other 21/2 420   116/11 153 1.0 (0.8–1.2)

Note: CI = confidence interval. 
*Weighted sample. 
†Ischemic stroke = all stroke less hemorrhagic stroke types.
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The calculation of thrombolysis rates has varied by jurisdic-
tion, and they are therefore difficult to compare across centres 
and internationally, most often because the denominator (total 
cases of stroke) is variably estimated.5–8 We found that about 
one-quarter of the patients who did not receive thrombolysis 
were noted to have neurological deficits that were too mild for 
treatment, which is similar to data from a 2001 study by Barber 
and colleagues.18 However, about one-third of these patients 
will have an outcome of death or disability,18,19 which suggests 
that some of these patients could have undergone treatment.

Our results show that a considerable barrier to thrombol-
ysis remains getting patients to the hospital quickly after the 
onset of symptoms. The interval between onset and arrival 
for the comprehensive stroke centres was shorter compared 
with the interval in primary stroke centres, which likely facili-
tated higher rates of thrombolysis. Yet even at comprehen-
sive stroke centres, where most patients arrived by ambulance 
and thus presented with a presumed diagnosis of stroke, the 
mean interval was slightly more than 3 hours. Improving 

access at this level is challenging for a number of reasons. 
First, stroke often renders patients incapable of seeking help 
themselves, leaving bystanders or family members responsi-
ble for contacting emergency services. Second, stroke does 
not uniformly engender a sense of urgency because it does 
not usually cause pain.20 Third, many people do not know 
how to recognize stroke in another person and to seek help.21 
Finally, Canada’s vast geography limits the speed of access 
for patients in rural areas.

A more easily remedied barrier to timely thrombolysis is 
the marked delay in starting in-hospital processes. Mean inter-
vals from arrival to imaging and from imaging to treatment are 
very long. Current guidelines recommend that all patients 
receive treatment within 60 minutes of arrival.22 For every 
minute that the middle cerebral artery remains blocked, an 
estimated 1.9 million neurons and 12 kilometres of axons are 
destroyed.23 Thus, one can argue even 60 minutes is too long a 
wait, and we have called for a concerted national effort to 
reduce in-hospital times to 30 minutes or less.24 In Helsinki, 

Table 3: Clinical and treatment characteristics of Canadian patients presenting with acute ischemic stroke 
who received thrombolysis during the study period

Characteristic

Proportion of patients, %*

Comprehensive 
stroke centre 

n = 297 
N, weighted = 

1363.8 (66.5%)

Primary stroke 
centre 
n = 162 

N, weighted = 
569.4 (27.8%)

Other n = 21 
 N, weighted = 
116.3 (5.7%)

Overall 
n = 480 

N, weighted = 
2049.5

Age ≥ 70 yr 60.2 55.1 73.9 59.5

Female sex 45.4 45.2 48.7 45.5

Hypertension, % 67.0 65.2 77.3 67.1

Atrial fibrillation 21.4 16.7 14.1 19.7

Diabetes mellitus 22.0 14.3 15.1 19.4

Previous stroke 16.1 23.2 11.5 17.8

Coronary artery disease 31.5 15.5 67.2 29.1

Current smoker 15.5 10.0 36.4 16.1

Peripheral vascular 
disease

  2.4   1.3 18.1   3.0

Prestroke independence 73.8 71.5 55.7 72.1

CNS score ≤ 8 70.9 70.9 55.7 70.0

Arrival by ambulance 96.2 83.4 69.7 91.2

Interval, h, mean ± SE

Onset to arrival    3.3 ± 1.1†   5.1 ± 0.8†    32.2 ± 5.7†  5.4 ± 0.8

Arrival to imaging   0.7 ± 0.1 3.4 ± 2.7 4.4  1.5 ± 0.7

Onset to treatment   4.6 ± 1.1 3.4 ± 0.3    2.9 ± 0.1  4.2 ± 0.7

Interval, min, mean ± SE

Imaging to treatment  79.0 ± 8.6 71.9 ± 4.9 84.4 77.2 ± 6.3

Arrival to treatment 138.1 ± 17.7 100.9 ± 15.3 112.7 ± 1.9 121.1 ± 11.4

Note: CAD = coronary artery disease, CNS = Canadian neurological scale, SE = standard error. 
*Unless otherwise stated. 
†Statistically significant difference between the 3 groups (p < 0.001). Primary centre compared with comprehensive centre (p = 0.05). Other 
intervals were not significantly different.



	 CMAJ OPEN, 2(4)	 E237

Research

CMAJ  OPEN

median times of 20 minutes have been shown11 — with average 
Canadian times being 90 minutes (Table 3), we can expect that 
Canadian patients who receive thrombolysis will fare sub-
stantially worse than their Finnish counterparts. Whereas the 
smaller land area of Finland may facilitate faster transport to 
hospital compared with the more widely spread populations 
served in Canada, we should be able to replicate Helsinki’s 
success with arrival to treatment intervals by optimizing in-
hospital processes. A study in Melbourne recently showed the 
rapid transferability of the Helsinki thrombolysis model, 
achieving a 25-minute interval within 8 months of changing 
protocol.25

Improving in-hospital processes is feasible because they are 
controlled by a relatively small number of people. Canada has 
made progress in this regard in the last decade. Following the 
publication of the Canadian Alteplase for Stroke Effectiveness 
study (CASES),12 which provided a framework for the devel-
opment of acute stroke protocols across Canada, and the first 
Canadian Stroke Best Practice Recommendations,26 which 
highlighted the need for emergent treatment in cases present-
ing within 4.5 hours, some Canadian centres have achieved 
substantial improvement in their arrival to treatment 
times.27–  29 Salient differences in study design including the 
types of centres included prevent a fair comparison between 

Table 4: Outcomes in Canadian patients presenting with acute ischemic stroke who received thrombolysis during the study 
period

Outcome

Proportion of patients, %*

Comprehensive 
stroke centre 

n = 297 
N, weighted = 

1363.8 (66.5%)

Primary stroke 
centre 
n = 162 

N, weighted = 
569.4 (27.8%)

Other 
n = 21 

N, weighted = 
116.3 (5.7%)

All hospitals 
n = 480 

N, weighted = 
2049.5

p 
value†

In-hospital death at 7 d    7.2   8.3   5.2   7.4 0.5

In-hospital death at 30 d 13.3 15.1 10.8 13.6 0.4

Hemorrhagic 
transformation

  8.0   7.2 —   7.3     0.006

Length of stay, d, mean ± 
SE

15.7 ± 1.3 16.7 ± 4.7 15.7 ± 2.5 16 ± 1.6 < 1.0

Note: SE = standard error. 
*Unless otherwise stated. 
†Test of proportions among 3 groups; length of stay was assessed by analysis of variance. The only difference between groups was seen on hemorrhagic 
transformation because no hemorrhages occurred in one group with a very small sample.

Table 5: Reasons documented for not giving thrombolysis to patients with ischemic stroke presenting to 
Canadian hospitals during the study period, by hospital type

Reasons

Proportion of patients, %

Comprehensive 
stroke centre
n = 2878

N, weighted = 
11036.8

Primary stroke 
centre

n = 2707
N, weighted = 

9439.1

Other
n = 2399

N, weighted = 
11036.6

All hospitals
n = 7984

N, weighted = 
31512.5

Interval from onset of symptoms to 
arrival > 4.5 h*

48.8 35.3 41.6 42.3

Neurological deficit judged too mild 26.6 22.0 24.3 24.4

Neurological deficit judged too severe   3.4   2.7    3.5   3.2

Clear medical contraindication   6.6   4.3   3.4   4.8

Delayed decision   0.2   0.3   0.3   0.3

Documented physician decision   6.4   8.0   5.3   6.5

Not documented 20.0 29.7 26.9 25.3

*During the study period, guidelines changed from a 3-hour window for stroke thrombolysis to a 4.5-hour window based on new randomized trials. 
Thus, the proportion of patients who received treatment may be appropriately conservative.
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CASES and this audit, but it is worth noting that the median 
onset to treatment time in CASES was 155 minutes, with an 
arrival to treatment interval of 85 minutes, compared with 
mean times of 252 and 121 minutes, respectively, in our audit. 
This shows the need to translate the successes of selected cen-
tres into national strategies targeting treatment times.

Limitations and strengths
We relied on hospital administrative data to estimate the total 
number of strokes in Canada. Such data do not capture all 
strokes that occur in Canada; patients that do not enter the hos-
pital system or are discharged from the emergency department 
would not be included in this number. However, the nature of 
stroke is such that cases eligible for thrombolysis would result 
in admission to hospital in most Canadian jurisdictions. Thus, 
our denominator for estimating the proportion of patients 
receiving thrombolysis may be slightly underestimated.

In assessing time to treatment, we did not distinguish 
between thrombolysis administered intravenously and endovas-
cularly. At selected comprehensive stroke centres, endovascular 
administration may have been offered later, thereby increasing 
mean times to treatment.

We used a comprehensive sampling strategy to examine a 
national and population-based estimate of stroke thrombolysis 
in Canada. Because all patients who receive thrombolysis in 
Canada are admitted to hospital, we believe that we have cap-
tured a comprehensive numerator for determining the national 
rate of thrombolysis.

In the 5 years since our audit, 2 key advances in the deliv-
ery of stroke care have likely resulted in a higher rate of 
thrombolysis. First, the number of stroke units across the 
country has increased, although most Canadians with stroke 
still receive care on general medical or neurology wards.30 
Second, the use of “telestroke” technology (i.e., the use of 
videoconferencing to assess patients remotely, combined with 
the teleradiological review of brain imaging) has increased, 
with Alberta and Ontario instituting widespread telemedicine 
services for hyperacute stroke care and British Columbia run-
ning pilot programs.31

Conclusion
A maximal thrombolysis rate is unknown, but an estimated 
24% of stroke patients are eligible for treatment if delays 
between the onset of symptoms and admission to hospital are 
avoided.32 Decision-making requires careful judgment of the 
degree of disability and estimation of treatment risk, and such 
expertise is not readily available at all Canadian hospitals. 
Whereas comprehensive stroke centres showed higher throm-
bolysis rates in our study, they only serve about one third of 
the stroke population. Further, they administered thromboly-
sis to less than half of the possible ceiling rate, implying that 
there is considerable room for improvement. Therefore, in 
addition to training stroke neurologists, an emphasis on the 
education of physicians regarding acute stroke treatment is 
critical to optimize both the thrombolysis rate and the speed of 
treatment. The centralization of stroke systems of care, known 
to be beneficial,33,34 is happening in Canada, with a number of 

centres achieving Stroke Distinction with Accreditation Can-
ada,35 but this has not yet translated into an improvement in 
the speed of treatment. Ultimately, current wait times repre-
sent a persistent and unacceptable gap between evidence and 
practice and clearly suggest that our systems of care require 
concerted effort to improve.
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