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Five large, randomized, multicentre studies have shown 
the efficacy of endovascular therapy in improving 
functional outcomes among patients with acute isch-

emic stroke secondary to occlusion of a large proximal intra-
cerebral artery.1–5 A review and meta-analysis of these trials 
found a significantly greater rate of functional independence 
at 90 days among those who received endovascular therapy 
than among those who received medical management alone, 
as indicated by a number needed to treat of 2.6 for reduction 
in disability level by 1 point on the modified Rankin scale.6 
Endovascular therapy involves the retrieval of an intracere-
bral thrombus by means of a retrieval stent or thrombus 
aspiration device.7 Despite being resource-intensive, endo-
vascular therapy has been found to be cost-effective.8 Of the 
5 randomized trials, the ESCAPE trial showed the greatest 
improvement in functional outcomes and the greatest reduc-
tion in mortality among those receiving endovascular ther-
apy, relative to medical management alone.2

Currently, Ontario has 10 health sciences centres that offer 
endovascular therapy, most of which are clustered in southern 

Ontario. Health Sciences North is a regional stroke centre for 
northeastern Ontario, accepting patients with hyperacute 
stroke from the district through an emergency medical ser-
vices bypass protocol. It has access to advanced neuroimaging, 
fellowship-trained neuroradiologists, and acute stroke and 
rehabilitation units, but it currently does not offer endovascu-
lar therapy; as a result, candidates for such therapy must be 
transported to an existing centre. Current standards for emer-
gency medical services dictate that transport time from a 
referral centre to an endovascular therapy centre by land or 
air ambulance should not exceed 2 hours.9 Health Sciences 
North is outside this maximum transport time, which largely 
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Background: Endovascular therapy is the new standard of care for certain patients with acute ischemic stroke. We aimed to deter-
mine whether procedural volumes at an academic health sciences centre in northeastern Ontario exceeded the minimum of 20 pro-
cedures annually to support establishment of an endovascular therapy centre and thus improve regional access to this type of care.

Methods: We conducted a retrospective chart review at Health Sciences North, a regional stroke centre for northeastern Ontario that 
currently does not offer endovascular therapy for patients with acute ischemic stroke. Medical records and neurovascular imaging 
results for patients with a discharge diagnosis of cerebral infarction who were seen by the stroke on-call team at Health Sciences 
North between May 1, 2016, and Apr. 30, 2017, were retrospectively examined in accordance with criteria of the ESCAPE trial to 
identify potential candidates for endovascular therapy. The number of candidates was extrapolated to include patients discharged 
with cerebral infarction from referral centres within a 2-hour transport radius from the study institution.

Results: Of 71 patients who met the inclusion criteria, 9 were identified as candidates. Of the 71 cases reviewed, 62 (87%) pre-
sented within the window for administration of recombinant tissue plasminogen activator of 4.5 hours from symptom onset, 66 (93%) 
within the endovascular therapy window of 6 hours and 69 (97%) within the extended endovascular therapy window of 12 hours. 
Expanding these estimates to include regional referral centres, we conservatively estimated that Health Sciences North has the 
potential to perform 22 or 23 procedures annually. 

Interpretation: The projected annual number of procedures met the minimum requirement to maintain competency. Establishing 
Health Sciences North as a centre for endovascular therapy could be an important step in improving equity in stroke outcomes 
across northeastern Ontario.
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prevents eligible patients from accessing care. The CorHealth 
Ontario endovascular therapy steering committee has sug-
gested that centres outside the transport time start capacity 
planning to establish new centres.9 However, current Health 
Quality Ontario guidelines (published in 2016) suggest that an 
endovascular therapy centre must perform a minimum of 
20 procedures annually to maintain competency,9 in accor-
dance with guidelines set out by the World Federation of 
Interventional and Therapeutic Neuroradiology and adopted 
by the American Society of Neuroradiology, the Canadian 
Interventional Neuroradiology Group and the Canadian 
Society of Neuroradiology.10

Our objective was to determine whether the number of 
potential candidates for endovascular therapy presenting to 
Health Sciences North exceeds the minimum number of 
20 cases per year to support establishment of an endovascular 
therapy centre. We predicted that the candidate volume, once 
projected to include referring centres within northeastern 
Ontario, would meet the minimum value of 20 annual 
procedures. 

Methods

Study design and patient population
We determined the number of potential candidates through a 
retrospective chart review of all patients with a discharge diag-
nosis of cerebral infarction who were admitted to Health 
Sciences North between May 1, 2016, and Apr. 30, 2017. 
This study design accounted for current stroke protocol prac-
tices at Health Sciences North. This design helps to identify 
protocol changes that will be required to support an endovas-
cular therapy program. The study design was partially based 
on a study by Rai and associates,11 who also used a retrospec-
tive methodology and extrapolation to other centres.

Men and women over 18 years of age were eligible. We 
included in the review only patients who presented within 
24 hours after symptom onset and were seen by the stroke on-
call team, which consults for thrombolysis eligibility. Patients 
not seen by the stroke on-call team do not undergo arch-to-
vertex computed tomography (CT) angiography upon presen-
tation, which was required to assess eligibility. We also 
included patients who either went directly to Health Sciences 
North through emergency medical services bypass or pre-
sented to an emergency department in Health Sciences 
North’s catchment area and were subsequently transferred to 
Health Sciences North. The bypass protocol allows emer-
gency medical services to bypass a community hospital in 
Health Sciences North’s catchment area and take a patient 
directly to Health Sciences North if the patient meets proto-
col criteria. 

Data collection
We obtained information about patients with a discharge 
diagnosis of cerebral infarction from Health Sciences North 
in the study period through the Discharge Abstract Database 
maintained by the Canadian Institute for Health Information. 
We also obtained discharge ischemic stroke volumes for 

centres within a 2-hour transport time using data collected by 
ICES.12 We reviewed each chart to determine clinical and 
imaging candidacy for endovascular therapy in accordance 
with the ESCAPE trial criteria13 (Appendix 1, available at 
www.cmajopen.ca/content/6/4/E671/suppl/DC1). We col-
lected data from the patient’s paper chart and electronic med-
ical records. A single person (B.L.) extracted clinical data from 
the emergency department record and electronic medical 
records. We recorded the following data: date and time of 
symptom onset, time of presentation (hospital arrival) to 
Health Sciences North’s emergency department and time of 
assessment by the stroke on-call team. The date and time of 
relevant imaging, including noncontrast CT of the head and 
multiphasic arch-to-vertex CT angiography, were also noted. 
We also recorded the patient’s score on the National Insti-
tutes of Health Stroke Scale (NIHSS).14 Modified Barthel 
index scores15 were not available, so we determined pre-event 
functional status through review of occupational therapy 
assessments. Patients were considered independent if they 
could complete activities of daily living independently. Other 
relevant clinical data that we collected included whether the 
patient arrived at the hospital via the bypass protocol and 
whether alteplase had been administered. Whenever possible, 
we cross-validated the data between the paper chart and elec-
tronic medical records.

A single staff neuroradiologist (J.G.) at Health Sciences 
North extracted imaging data from the non–contrast-
enhanced CT of the head and multiphasic arch-to-vertex CT 
angiography. We calculated the ASPECTS (Alberta Stroke 
Programme Early CT Score),16 using unenhanced CT scans, 
to estimate the size of the infarct core. We determined the 
site of occlusion and the quality of collateral circulation from 
multiphasic CT angiography, which was also used to deter-
mine the feasibility of arterial access on the basis of vessel tor-
tuosity, diameter and stenosis.

Statistical analysis
The clinical and imaging data were reviewed independently 
by a staff internist (P.P.) and a staff neuroradiologist (J.G.), 
respectively, at Health Sciences North. Candidacy for endo-
vascular therapy was determined by the inclusion and exclu-
sion criteria as outlined in Appendix 1. Only candidates who 
were independently determined to qualify for endovascular 
therapy both clinically and according to imaging results were 
considered to be candidates. If sufficient data were available, 
we calculated the modified Rankin score17 at 90 days after the 
stroke for these identified candidates, to track functional out-
comes. We extrapolated the candidate rate on the basis of 
population and acute ischemic stroke discharges to include 
centres within a 2-hour transport radius to Health Sciences 
North, all of which are also more than 2 hours from the near-
est endovascular therapy centre. Over the study period, there 
were a total of 553 discharges for acute ischemic stroke from 
Health Sciences North and all centres within a 2-hour trans-
port time. As such, to achieve the minimum requirement of 
20 procedures annually, the theoretical candidate rate that had 
to be exceeded was 3.6% of acute ischemic strokes. 
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Ethics approval
The study protocol was approved by the Research Ethics 
Board of Health Sciences North (REB no. 17–044).

Results

During the study period, 214 patients were discharged from 
Health Sciences North with a diagnosis of cerebral infarction. 
Of these, 143 were excluded: 9 who presented more than 
24 hours after stroke onset and 134 who were not seen by the 
stroke on-call team. A total of 71 patient charts were included 
in the review. 

Relevant demographic and clinical data for the 71 admis-
sions that we reviewed are presented in Table 1. Of these 71 
patients, 62 (87%) presented within the window for adminis-
tration of recombinant tissue plasminogen activator of 
4.5 hours from symptom onset, 66 (93%) within the window 
for endovascular therapy of 6 hours and 69 (97%) within the 
window for extended endovascular therapy of 12 hours. Imag-
ing data are summarized in Table 2. 

Twenty-two of the patients were identified as candidates for 
endovascular therapy on the basis of clinical data and 11 on the 
basis of imaging data. Of the 49 noncandidates according to 
clinical data, 43 (88%) were excluded because the NIHSS score 

Table 1: Demographic and clinical characteristics for patients who presented to the emergency department at Health Sciences 
North with ischemic stroke symptoms between May 1, 2016, and Apr. 30, 2017*

Characteristic

No. (%) of 
patients† 

n = 71 Median (IQR)

Age, yr 71 67 (58–81) 
range: 38–92

Sex

    Men 44 (62) NA

    Women 27 (38) NA

Time intervals, hh:mm‡

    From onset to presentation§

        Patients with sudden-onset stroke, non–bypass protocol¶ 47 (66) 1:30 (0:51–2:49)

        Patients with stroke on awakening 5 (7) 4:35 (4:15–8:52)††

        Patients with bypass protocol or who presented to other ED 12 (17) 2:28 (1:57–4:40)

    From presentation to imaging** 71 (100) 0:12 (0:06–0:41)

    From presentation to assessment by stroke on-call physician** 66 (93) 0:39 (0:24–1:11)

NIHSS, mean score ± SD 7.04 ± 6.50 NA

    Score 0–4 24 (34) NA

    Score 5–14 16 (23) NA

    Score 15–24 5 (7) NA

    Score ≥ 25 2 (3) NA

    Not available or not completed 24 (34) NA

Prestroke functionality

    Independent 66 (93) NA

    Required assistance 5 (7) NA

    Dependent 0 (0) NA

Received tPA 28 (39)

    Time from presentation to tPA, hh:mm 26 0:59 (0:50–1:25)

    Time from stroke onset to tPA, hh:mm 27 3:06 (2:06–4:09)

Note: ED = emergency department, hh:mm = hours:minutes, IQR = interquartile range, NA = not applicable, NIHSS = National Institutes of Health Stroke Scale (completed 
at time of stroke on-call assessment), SD = standard deviation, tPA = tissue plasminogen activator. 
*All patients presented within 24 h of symptom onset, and all were assessed by a stroke on-call physician.
†Except where indicated otherwise.
‡For determination of time intervals, presentation is defined as the time of arrival to hospital. 
§For time from onset to presentation, in-house strokes were not included. For patients with stroke on awakening, time to presentation is from the time the patient was last 
observed in a normal state. 
¶Bypass protocol was defined as presentation to an ED in the Health Sciences North catchment area (Manitoulin, Espanola, Elliot Lake) or bypass of those EDs by 
emergency medical services, with patients being brought directly to Health Sciences North. 
**For in-house strokes, time to imaging and time to assessment are from onset of the stroke. 
††Time from onset to presentation was significantly greater for patients with stroke on awakening than for those with sudden-onset stroke (p < 0.01 by 2-tailed t test).
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was below 5, indicating a mild stroke, or because the NIHSS 
score was not recorded (Table 3). Of the 60 patients who did 
not meet the imaging criteria for endovascular therapy, 20 
(33%) were considered non-evaluable because CT angiography 
was not performed upon presentation (Table 4). Only 3 (15%) 
of these patients did not undergo CT angiography because of 
dye allergy or elevated creatinine. For another 36 (60%) of the 
patients eliminated on the basis of imaging data, CT angiogra-
phy showed absence of proximal-vessel occlusion.

Overall, 9 patients met both sets of criteria (Table 5). The 
2 imaging candidates who did not meet clinical eligibility cri-
teria were eliminated because the NIHSS score was low. The 
location of vessel occlusions for the 9 identified candidates is 
shown in Table 5.

Of the 9 candidates for endovascular therapy that we identi-
fied, 5 had died by 90 days after the stroke, and a modified 
Rankin score of 6 was assigned. Three of the candidates were 

lost to follow-up. The remaining candidate was assigned a mod-
ified Rankin score of 3 at 90 days, indicating moderate disability.

Incidence projections
Using the number of endovascular therapy candidates identi-
fied over the study period, we calculated the annual incidence 
rate of endovascular therapy candidates presenting to Health 
Sciences North by 2 methods: first, with the population of 
Health Sciences North’s catchment area and then with the 
number of ischemic stroke discharges from Health Sciences 
North over the study period.

Health Sciences North’s catchment area, which includes 
Greater Sudbury, Manitoulin Island, Espanola and Elliot Lake, 
has a population of roughly 203 700. Given our finding that 
9 patients were suitable for endovascular therapy, this translates 
to an annual rate of ischemic strokes that would qualify for 
endovascular therapy of 4.42 per 100 000 person-years. In rela-
tion to the metric of ischemic stroke discharges, there were 
9  endovascular therapy candidates out of 214 patients with 
ischemic stroke over the study period, or 4.2% of ischemic 
stroke cases. To predict the number of procedures likely to be 
performed annually, the estimate must be expanded to include 

Table 2: Imaging data for patients with symptoms of ischemic 
stroke*

Imaging metric No. (%) of patients†

ASPECTS n = 53

Mean score ± SD 8.89 ± 1.86

Range 1–10

Multiphasic CT angiography n = 71 

Completed upon presentation 51 (72)

Completed > 12 h after presentation 6 (8)

Not completed 14 (20)

Site/type of occlusion n = 51

Carotid T 1 (2)

Carotid L 1 (2)

M1–MCA 9 (18)

M1–MCA equivalent (≥ 2 M2–MCAs) 2 (4)

Basilar artery (basilar tip) 1 (2)

No proximal-vessel occlusion 37 (72)

Quality of collateral circulation‡ n = 14

Good 12 (86)

Intermediate 2 (14)

Poor 0 (0)

Vascular access‡ n = 14

Suitable/feasible 12 (86)

Unsuitable 2 (14)

Note: ASPECTS = Alberta Stroke Programme Early CT Score, CT = computed 
tomography, M1–MCA = M1 segment of middle cerebral artery, M2–MCA = M2 
segment of middle cerebral artery, SD = standard deviation. 
*All patients presented within 24 h of symptom onset, and all were assessed by 
a stroke on-call physician. Radiographs were assessed by a staff radiologist at 
Health Sciences North if both unenhanced CT of the head and multiphasic CT 
angiography of the head and neck were completed within 12 h of presentation to 
the emergency department. 
†Except where indicated otherwise.
‡Quality of collateral circulation and feasibility of vascular access were not 
determined for patients with no proximal-vessel occlusion identified on CT 
angiography. 

Table 4: Candidacy for endovascular therapy on the basis of 
imaging results, for patients with acute ischemic stroke 
presenting within 24 h of symptom onset*

Imaging candidacy
No. (%) of patients

n = 71

Yes 11 (15)

No 60 (85)

    No proximal-vessel occlusion 36 (60)

    Multiphasic CT angiography not
    completed upon presentation

20 (33)

    Unsuitable proximal-vessel access 2 (3)

    Extensive early ischemic changes on CT 2 (3)

Note: CT = computed tomography.
*All patients were seen by a stroke-on-call physician upon presentation. 

Table 3: Candidacy for endovascular therapy on the basis of 
clinical factors, for patients with acute ischemic stroke 
presenting within 24 h of symptom onset*

Clinical candidacy
No. (%) of patients

n = 71

Yes 22 (31)

No 49 (69)

    NIHSS score < 5 23 (47)

    NIHSS score not available 20 (41)

    > 12 h from onset to presentation 3 (6)

    Not functionally independent before stroke 3 (6)

Note: NIHSS = National Institutes of Health Stroke Scale.
*All patients were seen by a stroke on-call physician upon presentation.
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regional referral centres. Given that roughly 509 000 people 
currently reside in northeastern Ontario, and given the esti-
mated incidence of 4.42 candidates for endovascular therapy 
per 100 000 person-years, this translates to 22.50 candidates per 
year in this region overall. 

Northeastern Ontario covers more than 266 000 km2, and 
not all of its residents are within the 2-hour transport window 
to Health Sciences North by either air or land ambulance. 
Therefore, we also calculated the projected number of endovas-
cular therapy candidates on the basis of number of ischemic 
stroke discharges from referring centres within a 2-hour trans-
port radius to Health Sciences North. The geographic distribu-
tion of these centres, along with their ischemic stroke volumes, 
is shown in Figure 1. These 17 centres within a 2-hour trans-
port time discharged 339 patients with ischemic stroke in 
2016.12 Assuming that 4.2% of these patients would qualify for 
endovascular therapy, there would be 14.24 candidates for 
endovascular therapy from these centres. Including the 9 candi-
dates that we identified at Health Sciences North, the total 
number of endovascular therapy candidates calculated with this 
alternative method is 23.24 per year. In addition, 7 community 
hospitals in northeastern Ontario had a total of 13 ischemic 
stroke discharges;12 however, these hospitals are outside the 
2-hour transport time to Health Sciences North, and would 
represent only 0.55 missed case per year.

Interpretation

In this retrospective study, we identified 9 patients (4.2% of 
the study population) at Health Sciences North who would 
have qualified for endovascular therapy on the basis of both 
clinical and imaging criteria. Extending this estimate to 

encompass other centres within northeastern Ontario gener-
ated estimates of 22 or 23 candidates per year, depending on 
whether the calculation was based on population or number 
of discharges after ischemic stroke. This projection exceeds 
the theoretical rate of 3.6% and the minimum requirement of 
20 procedures per year to support the establishment of Health 
Sciences North as a centre for endovascular therapy.9

Compared with other population-based estimates of the 
incidence of patients eligible for endovascular therapy, our 
numbers are fairly conservative. Rai and associates11 found an 
incidence of 10 to 14 patients with ischemic stroke who were 
eligible for endovascular therapy per 100 000 person-years 
discharged from a tertiary-level hospital in West Virginia with 
a catchment population of 210 000. Similarly, Chia and col-
leagues18 found 11 to 22 candidates per 100 000 person-years, 
or 7% of admissions for acute ischemic stroke, at a hospital in 
Australia with a catchment population of 148 027. Despite 
having similar catchment population sizes and numbers of 
ischemic stroke discharges to Health Sciences North, both of 
these studies yielded estimates far higher than our projection 
of 4.42 candidates per 100 000 person-years.

The importance of improving access to endovascular ther-
apy in northeastern Ontario is underscored by the poor func-
tional outcomes of the candidates identified in our study. 
These poor outcomes could have been mitigated had these 
patients had adequate access to endovascular therapy. Several 
large, multicentre studies found that endovascular therapy was 
effective in reducing disability after stroke,1–5 with a number 
needed to treat of 2.6 for reduction in level of disability by 
1 point on the modified Rankin scale.6

Limitations
This chart review was retrospective, so the relevant data 
needed to determine clinical and imaging candidacy were not 
always available. This limitation may have led us to miss sev-
eral cases. Only one person extracted the clinical data, and 
another the imaging data, which decreased reliability. For 
several reasons, the numbers generated in our study are con-
servative. We used restrictive inclusion criteria to determine 
which patient charts would be reviewed for candidacy. Only 
patients seen by the stroke on-call team, which consults for 
thrombolysis eligibility, were included; as such, we may have 
excluded patients presenting more than 4.5 hours after stroke 
onset who might have been eligible for endovascular ther-
apy.14 Recently, the DAWN trial showed improvement in 
functional outcomes among patients receiving endovascular 
therapy, relative to medical management alone, who pre-
sented up to 24 hours after symptom onset.19 This finding 
could lead to another paradigm shift in stroke care, further 
increasing the potential number of candidates for endovascu-
lar therapy. We considered only patients who presented up 
to 12 hours after symptom onset, yet it is likely that as new 
data emerge, a greater proportion of patients with acute isch-
emic stroke will be considered eligible for endovascular ther-
apy, and procedural volumes will increase. Indeed, a study of 
endovascular therapy volumes in Catalonia found a signifi-
cant increase in the number of mechanical thrombectomies 

Table 5: Candidacy for endovascular therapy on the basis of 
clinical and imaging data combined, for patients with acute 
ischemic stroke presenting within 24 h of symptom onset*

Candidacy for endovascular therapy
No. (%) of patients

n = 71

Clinical candidacy 22 (31)

Imaging candidacy 11 (15)

Combined clinical and imaging candidacy 9 (13)

Site of occlusion (candidates only)

    Carotid T 1 (11)

    M1–MCA 6 (67)

    M1–MCA equivalent (≥ 2 M2–MCAs) 1 (11)

    Basilar artery (basilar tip) 1 (11)

Modified Rankin scale score 90 d after stroke, 

mean ± SD†

5.5 ± 1.2

Note: M1–MCA = M1 segment of middle cerebral artery, M2–MCA = M2 segment 
of middle cerebral artery, SD = standard deviation.
*All patients were seen by a stroke on-call physician upon presentation. 
†Modified Rankin scale scores at 90 days after stroke were calculated for the 
6 candidates deemed suitable by both clinical and imaging criteria for whom 
sufficient data were available to calculate the score.
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performed between 2011 and 2015, as more data emerged.20 
Furthermore, 20 of 71 patient images reviewed in the current 
study were deemed non-evaluable because arch-to-vertex CT 
angiography was not completed upon presentation. It is pos-
sible that additional candidates would have been identified 
had the requisite imaging been completed. Finally, the cri
teria used to determine eligibility were fairly restrictive and 
did not allow for clinical judgment. Current recommenda-
tions of the American Heart Association indicate that endo-
vascular therapy may be reasonable for carefully selected 
patients with M2 or M3 segment, anterior, posterior or ver-
tebral artery occlusions or those with ASPECTS and/or 
NIHSS scores below 6.21 As such, it is likely that clinical 
judgment will play a role in selecting patients for endovascu-
lar therapy whose characteristics do not match the restrictive 
criteria f the ESCAPE trial.12 This consideration would also 
extend to patients with Barthel index scores below 90. 

Conclusion
In this study, 9 of 71 patients admitted for acute ischemic 
stroke over a 12-month period met clinical and imaging cri
teria to qualify for endovascular therapy. Extending this pro-
jection to include major referral centres in northeastern 
Ontario, we conservatively estimated that Health Sciences 
North could perform 22 or 23 procedures per year, which 
exceeds the recommended annual minimum of 20 procedures 
set by the CorHealth Ontario endovascular therapy steering 
committee. Northeastern Ontario’s more than 500 000 resi-
dents currently have limited access to this new standard of 
care. Establishing Health Sciences North as a centre for endo-
vascular therapy could improve functional outcomes among 
patients with acute ischemic stroke involving occlusion of a 
large proximal vessel. Bringing endovascular therapy to 
Health Sciences North is an essential step in ensuring equit
able stroke care for the residents of northeastern Ontario. 
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Figure 1: Distribution of hospitals and health centres in northeastern Ontario. Each hospital or health centre is represented by a coloured 
square. The number inside the square represents the number of discharges from that institution in 2016 for patients with ischemic stroke. The 
blue square represents Health Sciences North. Green squares represent centres within a 2-hour transport radius to Health Sciences North by 
land ambulance. Orange squares represent centres within a 2-hour transport radius to Health Sciences North by air ambulance. Red squares 
represent centres outside the 2-hour transport time to Health Sciences North by air or land ambulance. The 5 larger squares, including Health 
Sciences North, represent centres with computed tomography angiography capabilities that administer tissue plasminogen activator. Air ambu-
lance transport times were determined in consultation with Paramedic Services for the City of Greater Sudbury. Not pictured: Cochrane-James 
Bay district, which had 1 ischemic stroke discharge from the Weeneebayko Area Health Authority in 2016. 
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