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Executive Summary 
Background 
Stroke care in Alberta is evolving to incorporate advancements in technology such as endovascular 
therapy (EVT) into the current standard of care, which is typically a pharmaceutical intervention 
using tissue plasminogen activator (tPA; also called alteplase). However, there are concerns 
regarding the ability to provide EVT, given that the treatment can only be provided at two hospitals 
in Alberta (comprehensive stroke centres, in Edmonton and Calgary), and within a narrow window 
from time of stroke onset (that is, within 6 hours, the ultra-acute period of acute ischemic stroke). 
Therefore, several strategies need to be in place to make EVT available to all eligible patients, 
including those located in rural and other remote areas where there is no immediate access to EVT. 

Accordingly, there was a need to conduct an evidence assessment contextualized to the Alberta 
setting, particularly with regards to the impact of providing EVT to all eligible patients versus 
maintaining the status quo. 

Alberta STE Evidence Assessment 
This evidence assessment was conducted under the auspices of the Alberta Health Technology 
Decision Process. This process involves the use of appropriate evidence and information for 
decision-making regarding the public provision of health technologies and services. These 
assessments consider existing evidence and other information relevant to three areas: 

• social and system demographics (S section); 
• technology effects and effectiveness (T section); and 
• economic analysis (E section). 

Social and System Demographics 
The objective of the S section of this STE report is to provide information describing the burden of 
acute stroke, the current situation of stroke care in the province of Alberta, the current care 
pathways associated with the administration of both EVT and tPA, and the related health outcomes 
after EVT. Accessibility/acceptability, patient/public views, facilitators/barriers, social/ethical/legal 
considerations, and health system capacity in Alberta with regards to providing EVT will also be 
described. A brief description of policy and practice regarding EVT in other jurisdictions of Canada 
will be reported. 

Findings from the jurisdictional scan and resource requirements for province-wide implementation 
of EVT are briefly summarized in Tables ES.1 and ES.2 below. 
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TABLE ES.1: Canadian jurisdictions providing EVT (as of 31 December 2016) 

Province/Territory Protocol for transporting patients 
who might benefit from EVT 

Began providing 
EVT 

EVT procedures 
per year 

British Columbia No January 2016a 210b 

Alberta Yesc 2010d 195e 

Saskatchewan Yes 2008 50 

Manitoba No 2005 Not specifiedf 

Ontario Yesc February 2015g 351h 

Quebec Yes Summer 2015 180i 

Newfoundland and Labrador NR NR NR 

Nova Scotia Yesj,k 
Nol 

2012 18i 

New Brunswick No 2006 30-50 

Prince Edward Island NR NR NR 

Nunavut NR NR NR 

Yukon NR NR NR 

Northwest Territories NR NR NR 

Source: Provinces/territories were surveyed regarding their use of EVT and associated protocols, and seven provided 
answers (British Columbia, Alberta, Manitoba, Ontario, Quebec, Nova Scotia, and New Brunswick); additional 
information was obtained from a report on EVT performed by the HTA Unit at the University of Calgary 
a Some procedures performed earlier, in a non-programmatic way 
b Since January 2016 
c Interim, final under development 
d The first use of a stent retriever was in 2010. However, EVT started earlier in the context of randomized controlled 
trials in the mid-2000s. After the ESCAPE trial in January 2015, EVT was done consistently 
e Approximately, 135 EVT procedures in Calgary and 60 in Edmonton are performed per year 
f Currently, Manitoba has no volume for this procedure. EVT is provided when resources are able to patients within 
the Winnipeg Regional Health Authority 
g Some centres in Ontario have been performing EVT since 2005 as participants in research trials. In February 2015, 
the Ontario Stroke Network established a provincial workgroup to develop an EVT implementation strategy 
h In 2015/16 
i In 2015 
j For areas surrounding the site where EVT is provided: Halifax/Dartmouth/West Hants/Eastern Shore 
k Patients with terminal cancer and living in nursing home with dementia are excluded from EVT 
l For areas outside of the central part of the province, there is a protocol drafted but is not in place yet; patients are 
currently transferred on a case-by-case basis from areas outside of the central part of the province 
NR: no response 
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TABLE ES.2: Resources necessary for implementing EVT, by care pathway stage 

Current resource needs Capacity issues Training issues Additional resource 
needs 

EMS 

• Ground – paramedics (2 
per team) 

• STARS – 2 pilots, 1 RN, 
1 paramedic 

• Fixed-wing air 
ambulance – 2 pilots, 2 
paramedics or 1 EMT, 
and 1 paramedic 

• Dispatch and STARS 
Emergency Link 
Centre service (i.e., 4-
way communication 
involves EMS 
practitioner, stroke 
neurologist, transport 
physician, RAAPID) 

• RAAPID for 
communications link 

No capacity issues for EMS 
ground, fixed-wing air 
ambulances, or STARS to 
absorb the EVT demand 

No training issues are 
foreseen; all required 
protocols are being 
developed and 
piloted, and will be 
implemented in the 
near future without 
affecting the system 

No additional needs 
required 

Emergency department 

• Emergency physician 
consult 

• Emergency hospital visit 
(includes nursing, facility 
costs) 

• Emergency departments are 
working at 150-180% of their 
capacity, regardless of the 
presenting conditions; capacity 
issues need to be discussed 
from a system perspective 

• In Edmonton, there was 
previously inadequate nursing 
support for EVT procedures at 
the U of A Hospital, meaning a 
nurse would be taken from the 
emergency department when 
needed, potentially putting 
strain on the emergency 
department 

• In Edmonton, pre-
hospital algorithms 
are being created to 
reduce the load at 
the U of A Hospital; 
in order to 
implement this, 
EMS personnel will 
be trained for at 
least 3 months (in-
kind contribution 
from the EMS 
program) 

• Education in rural 
communities 
regarding protocols 
and how to use 
LAMS are needed 
to reduce door-to-
needle times and 
reduce the burden 
of EVT cases for 
rural emergency 
departments 

In Edmonton, a 
business plan is being 
put forward to hire a 
nurse (neurology/ICU 
nurse) who will help to 
reduce the burden on 
emergency department 
nurses at the U of A 
Hospital 
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Current resource needs Capacity issues Training issues Additional resource 
needs 

Diagnostic imaging 

• CT 
• CTA head scan 
• Radiologist 
• CT technologist 

AHS diagnostic imaging services 
have the capacity to respond to 
the expected volume of EVT; 
however, they need to expand in 
some places where they do not 
have 24/7 availability of a 
neurologist/radiologist to interpret 
the images 

• Professionals need 
to be trained to 
satisfy demand 

• Training takes 
approximately 6-8 
weeks, and is done 
on-site with a 
hands-on approach 

• Personnel need to 
physically be at 
either the U of A 
Hospital or Foothills 
Medical Centre for 
at least 2 weeks to 
be able to perform 
the procedures 
repeatedly 

• Increase funding for 
staff training, staff 
costing, operational 
costs, and 
interpretational costs 

• Anticipate that 
minimum 30 
technologists need to 
be trained 

• Several costs need to 
be taken into 
consideration for on-
site training: travel 
costs, 
accommodation, AHS 
per diem, plus 
replacement costs to 
pay personnel to 
cover the person in 
training 

Telehealth 

• Neurologist consult 
• RAAPID for 

communications link 
• Telestroke capability  
• Central infrastructure 

(e.g., Supernet) to allow 
transfer of images 

• Software at the 
receiving end to see 
and review images  

• No capacity issues are 
expected; however, there are 
some issues with the current 
technology and software, 
which can limit the timely 
access to EVT in some areas 
(e.g., North Region) 

• Neurologists paid by the fee-
for-service model have raised 
concerns about the increased 
number of calls involved to 
determine eligibility for EVT 

No training issues are 
foreseen 

Solution unknown (a 
combination of 
equipment, software, 
and troubleshooting 
may be needed)  

tPA 

• 1 vial is 100mg, $2,700 
• IV tubing, IV pump, etc. 
• Neurologist consult to 

administer tPA 

No capacity issues are expected No training issues are 
foreseen 

No additional needs are 
required 

EVT 

Angiography suite 
including imaging 
technology (biplane angio) 

• It is anticipated that the 
number of angiography suites 
in Edmonton will cover demand 

• Calgary has 3 suites that are 
working at capacity; the 
equipment has not been 
renewed for at least 20 years 

No training issues are 
foreseen 

In Calgary, another 
angiography suite with 
appropriate staffing is 
required 
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Current resource needs Capacity issues Training issues Additional resource 
needs 

Angiography team: 
• Neurointerventionalist 

(physician) – currently 
either a neurosurgeon 
or neuroradiologist 

• RN – angiography 
scrub nurse/DI technical 
nurse who can manage 
the angiography suite 

• RN/LPN – angiography 
rotating nurse for room 
and DI tech 
management of the 
imaging modality 

Medical team: 
• Neurologist OR 

anaesthetist – to 
manage the patient 

• RN – to manage the 
patient 

• Device and materials  

• There are sufficient 
neurointerventionalists to 
perform EVT procedures (9 in 
Edmonton, 5 in Calgary) 

• There is a shortage of both 
angiography nurses and 
nurses for the medical team in 
the angiography suite 

• In Edmonton, with 2 nurses 
and 2 technologists now on call 
after hours, no further issues 
are anticipated for the EVT 
procedure itself; however, 
there is still a shortage of care 
nurses 

• Calgary has only one on-call 
team for both neurological and 
non-neurological interventions 
after hours  

• In Calgary, a nurse from the 
neurology unit assists with 
patient care during an EVT 
procedure; this model has 
functioned very well to keep 
the continuity of care of the 
patients. However, this nurse 
leaves the neurology unit in 
order to help with the EVT 
procedure, generating some 
strain in the unit 

No training issues are 
foreseen 

In Edmonton, there are 
two options, either:  
a) Increase of 4.2 FTE 

RNs to manage 
critical care needs of 
EVT and other 
patients  

OR 
b) Increase of 2.1 FTE 

RNs to manage 
critical care needs of 
EVT patients, plus call 
back 

In Calgary: 
• It would be ideal to 

increase 2.8 FTE of 
nurses to have full 
coverage for the 
neurology unit and 
EVT 

• In addition, another 
nurse and tech on call 
would be required 

Hospital admission 

• Hospital bed for stroke 
(includes nursing, etc.) 

• Neurologist subsequent 
visit (after consult for 
initial treatment) 

• Neurologist discharge 
visit 

• In Edmonton, hospital 
admission services at the U of 
A Hospital is at 104% of its 
capacity, regardless of the 
presenting conditions; capacity 
issues need to be discussed 
from a system perspective 

• Strategies are being created so 
that patients not requiring the 
services of the U of A Hospital 
can be redirected/moved to 
another hospital within 1-2 
days 

• In Calgary, although all the 
beds in the neurology unit are 
occupied and they are at 100% 
or more of their capacity, they 
have protocols and processes 
in place to be able to absorb 
the demand of new EVT 
patients  

In Edmonton, to 
implement the pre-
hospital algorithm 
strategy to redirect 
patients to other 
hospitals, EMS 
personnel will be 
trained for at least 3 
months (in-kind 
contribution from the 
EMS program) 

In Edmonton, if the 
strategies for redirecting 
patients to other 
hospitals do not work, 
an increase in inpatient 
beds and personnel 
would be needed (not a 
realistic possibility) 
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Current resource needs Capacity issues Training issues Additional resource 
needs 

Rehabilitation 

ESD program (home 
rehab), including clinical 
lead, clerk, occupational 
therapists, physical 
therapists, recreation 
therapists, RNs, social 
workers, speech-language 
pathologists, therapy 
assistants 

• In Edmonton, this program is 
already at capacity. If the EVT 
volume increases, the capacity 
issues will increase; as 
patients treated with EVT have 
better functioning, the demand 
for ESD as opposed to long-
term care is expected to 
increase 

• If ESD programs are at 
capacity, more hospital beds 
will be occupied by patients 
who do not necessarily need 
them 

No training issues are 
foreseen 

It is unknown how many 
more ESD teams are 
required to absorb the 
demands of new EVT 
patients; this system 
capacity issue must be 
discussed with several 
entities to arrive at the 
best strategy 

• Inpatient rehabilitation 
(physical therapists, 
occupational therapists, 
speech-language 
pathologists) 

• Outpatient rehabilitation 
(physical therapists, 
occupational therapists, 
speech-language 
pathologists) 

• Neurological 
rehabilitation 

• Currently, patients wait at least 
9 to 25 days to be admitted to 
an inpatient rehabilitation 
hospital (Calgary and 
Edmonton, respectively) 

• The rehabilitation teams are 
currently at capacity, and it is 
anticipated that the EVT 
procedure will generate 
capacity issues at this level; an 
increase of approximately 30% 
for inpatient rehabilitation is 
expected 

No training issues are 
foreseen 

It is unknown how many 
more beds or personnel 
are required to absorb 
the demands of new 
EVT patients. This 
system capacity issue 
has to be discussed 
with several entities to 
arrive at the best 
strategy 

Reintegration 

• Family physician visit 
• Stroke neurologist 

follow-up visit 
• Chronic disease 

program 
• Adult day program 
• Prevention/risk 

reduction clinic 
• Home care (private or 

public) 
• Supportive living/long-

term care 
• Devices (walker/cane/ 

orthopedic shoes/foot 
brace/wheelchair 
ramp/stair lift/hand rails) 

• No anticipated issues 
regarding capacity are 
foreseen for the current 
functional support programs 

• Concerns have been raised 
regarding short-term 
equipment loans for facilitating 
independent management for 
patients in the North zone of 
the province; this issue could 
cause delay of acute 
discharges, overcrowding of 
inpatient hospitals, and 
limitation of fast reintegration 

No training issues are 
foreseen 

A provincial, AHS 
equipment management 
strategy is required  

Information via EAG, personal communication, 2016 and 2017 
CSC: comprehensive stroke centre; CT: computed tomography; CTA: CT angiography; DI: diagnostic imaging; EMS: 
Emergency Medical Services; EMT: emergency medical technician; ESD: Early Supported Discharge; EVT: 
endovascular therapy; FTE: full-time equivalent; ICU: intensive care unit; LAMS: Los Angeles Motor Scale; PSC: 
primary stroke centre; RAAPID: Referral, Access, Advice, Placement & Destination; RN: registered nurse; STARS: 
Shock Trauma Air Rescue Society; tPA: tissue plasminogen activator; U of A: University of Alberta 
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Technological Safety and Effectiveness 
The objective of the T section of this STE report is to perform a systematic review and critical 
appraisal of the current best available research evidence to address research questions regarding the 
overall safety and efficacy of EVT as well as the impact of patient/clinical factors on EVT effects. 

Question 1: Is EVT (with or without IV tPA) safe and effective, compared to the current standard care including 
IV tPA, in the treatment of adult patients with acute ischemic stroke? 

Strong evidence from systematic reviews/meta-analyses (both study-level and individual patient 
data) of five recent multi-centre randomized controlled trials (RCTs) that involved diverse 
populations (with a total of 1,278 patients) suggests that EVT using stent retrievers (with or without 
IV tPA) is superior to the use of IV tPA alone in improving 90-day functional outcome (as 
measured by the modified Rankin Scale [mRS]) in patients with acute ischemic stroke in anterior 
blood circulation. Pooling results from both study-level systematic reviews/meta-analyses and meta-
analyses of individual patient data from the five trials did not reveal significant differences in the 
rates of symptomatic intracranial hemorrhage (sICH), suggesting no additional risk of sICH when 
adding EVT to IV tPA. While pooled mortality rates from the five RCTs did not differ between the 
EVT/IV tPA and IV tPA alone groups, one RCT led by Albertan clinical researchers demonstrated 
a significant reduction of mortality rate following EVT. 

Question 2: What are the patient/clinical factors that will affect clinical outcomes of EVT?  

Subgroup analyses conducted in a meta-analysis of individual patient data from the five 2015 RCTs 
revealed no significant difference in direction of treatment effect favouring EVT/IV tPA across any 
of the subgroups defined by age (under 80 years of age, 80 years or older), gender, baseline NIHSS 
score (10 or less, 11 to 15, 16 to 20, 21 or more), baseline ASPECTS (0 to 5, 6 to 8, 9 to 10), 
location of vessel occlusion (internal carotid artery [ICA], middle cerebral artery [MCA] M1, or 
MCA M2), use of IV tPA, and time from onset to randomization (less than 5 hours, 5 hours or 
more). Compared to IV tPA alone, EVT/IV tPA was associated with better functional outcome 
across all predefined subgroups, although the difference in treatment effects did not reach statistical 
significance for patients younger than 50 years, those with a low ASPECTS or NIHSS score, or 
those with an MCA M2 occlusion. Caution needs to be exercised when interpreting the results of 
these subgroup analyses because the number of patients in subgroups of interest (for example, 
patients older than 80 years or patients randomized after 5 hours) was usually much smaller than 
their counterparts. A good quality systematic review/meta-analysis of the five 2015 RCTs reported 
similar results, and also revealed significant reverse association of time interval from symptom onset 
to groin puncture and to recanalization/reperfusion with better functional outcomes following EVT. 

One systematic review/meta-analysis of 23 studies (most being observational studies) specifically 
examined the impact of baseline collateral status on EVT effects. Despite significant heterogeneities 
between the subgroups of studies with different modes of EVT and different imaging methods for 
assessing collateral grading, good baseline collateral status was associated with higher rates of 
favourable functional outcome (measured by the mRS) and lower rates of peri-procedural sICH and 
90-day mortality in patients with acute ischemic stroke who received EVT. 

Twenty-nine primary studies (including post-hoc analyses of previously published RCTs, analyses of 
data from single or multiple centres, and analyses of post-marketing registries that reported the real 
world clinical experience) examined the impact of various patient/clinical factors on EVT effects. 
Overall, these studies found the following: 
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• Older age (that is, over 80 years), presence of comorbidities such as diabetes, hypertension, 
atrial fibrillation, and a higher NIHSS score was associated with a higher mortality rate and a 
lower rate of functional independence. 

• Good baseline collaterals were independent predictors of functional independence. 
• Rapid time from symptom onset to treatment initiation (groin puncture) and to 

recanalization/reperfusion was strongly associated with functional independence. However, 
three of the four studies that looked at transportation methods did not find a significant 
difference in clinical outcomes between the mothership and drip-and-ship methods, despite 
significant shorter time intervals from symptom onset to groin puncture and to 
recanalization/reperfusion for the mothership groups. Factors such as small sample size and 
difference in baseline comorbidities between patient groups could partially explain these 
results. 

• No significant difference in clinical outcomes was found between patients who used and did 
not use IV tPA before EVT. 

Strong clinical research evidence suggests the superiority of EVT/IV tPA over IV tPA alone in 
improving functional outcomes in patients with acute ischemic stroke of anterior blood circulation. 
However, there is no strong evidence to suggest that any specific patient groups should be excluded 
from receiving EVT. To maximize the benefit and minimize the potential harm associated with 
EVT, future studies are needed with prospective study designs, larger sample sizes of patients of 
interest, and sufficient control of confounding factors to further define patient selection/eligibility 
criteria. 

Economic Analysis 
The objective of the E section of this STE report is to determine the best strategies for providing 
endovascular therapy for acute ischemic stroke in Alberta, in terms of cost, effectiveness, and impact 
on the healthcare budget.  

In order to assess the impact of the distance and travel time from stroke onset scenes, the model 
considered the cost and clinical outcomes as the function of geographical locations of stroke onset. 
The analysis considered two decision options where the priority was to achieve best clinical 
outcomes and to achieve best economic efficiency, with each option being comprised of a 
combination of the mothership and drip-and-ship methods. Excluding the North and West Regions 
where drip-and-ship was set as the default strategy due to logistical constraints, the mothership 
method was determined to be the best strategy in the Metro Regions surrounding the Foothills 
Medical Centre and the University of Alberta Hospital. In areas close to PSCs, the best strategy was 
a mix of the mothership and drip-and-ship methods. In other areas far from CSCs and PSCs, the 
best strategy was also a mix of mothership and drip-and-ship, with mothership being the best in the 
majority of areas. 

The decision option of optimal clinical outcomes was associated with better clinical outcomes but at 
higher costs compared with the option of economic efficiency. Providing EVT under the option of 
optimal clinical outcomes was associated with 41.819% good outcomes at a cost of $291,769 per 
patient eligible for EVT or tPA, compared to 41.743% at $288,025 under the economic efficiency 
option. The cost-effectiveness analysis showed that switching the option of economic efficiency to 
optimal clinical outcomes was associated with a cost of $48,991 for one additional percent unit of 
good outcome in the province. 
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In the baseline analysis, there were 191 patients who received EVT procedures in a year. Given the 
expectation that 500 patients are eligible for EVT, having only 191 EVT procedures suggests that 
access to EVT was not perfect and that some EVT-eligible patients were treated with tPA alone or 
with other treatments. The sensitivity analysis revealed that the determined decision options were 
more efficient in terms of generating better clinical outcomes at lower cost, when expanding EVT to 
all 500 eligible patients. 

The best strategy for providing EVT for acute ischemic stroke relies on the geographical location of 
stroke onset and the decision-maker’s preference for clinical outcomes or economic efficiency. The 
mothership method of patient transport was determined to be the best strategy in areas close to a 
CSC. In areas close to PSCs or far from the CSCs, the best strategy was a mix of the mothership and 
drip-and-ship methods. The decision option of optimal clinical outcomes was associated with 
increased good outcomes at a higher cost, in comparison with the option of optimal economic 
efficiency. Given the large cost of switching from the option of economic efficiency to clinical 
outcomes, it is considered that the option based on economic efficiency is more favourable. With an 
increase in access to EVT, the determined strategy becomes more efficient in that it generates better 
clinical outcomes gained at less cost. 
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Abbreviations 
All abbreviations that have been used in this report are listed here unless the abbreviation is well 
known, has been used only once, or has been used only in tables or appendices, in which case the 
abbreviation is defined in the figure legend or in the notes at the end of the table. 

ACA anterior cerebral artery 

AIS acute ischemic stroke 

APSS Alberta Provincial Stroke Strategy 

ASITN/SIR American Society of Interventional and Therapeutic Neuroradiology/Society of 
Interventional Radiology 

ASPECTS Alberta Stroke Program Early Computed Tomography Score 

AUC area under the curve 

CAR Community Accessible Rehabilitation 

CI confidence interval 

cOR common odds ratio 

CSC comprehensive stroke centre 

CT computed tomography 

CTA computed tomography angiography 

CTP computed tomography perfusion 

DALY disability-adjusted life year 

DAWN Diffusion weighted imaging (DWI) or computerized tomography perfusion (CTP) 
assessment with clinical mismatch in the triage of wake up and late presenting 
strokes undergoing neurointervention trial 

EAG Expert Advisory Group 

EMS Emergency Medical Services 

ESCAPE Endovascular treatment for small core and anterior circulation proximal occlusion 
with emphasis on minimizing CT to recanalization times trial 

ETIS endovascular therapy for acute ischemic stroke 

EVT endovascular therapy 

EXTEND Extending the time for thrombolysis in emergency neurological deficits trial 

EXTEND-IA Extending the time for thrombolysis in emergency neurological deficits with intra-
arterial therapy trial 

FAST face-arm-speech test; also Face, Arms, Speech, Time campaign (United Kingdom) 

FDA United States Food and Drug Administration 

FTE full-time equivalent 
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HTA health technology assessment 

IA tPA intra-arterial tissue plasminogen activator 

ICA internal carotid artery 

ICD-10 International Statistical Classification of Diseases and Related Health Problems, 
10th revision 

ICER incremental cost-effectiveness ratio 

IPD MA individual participant data meta-analysis 

IV tPA intravenous tissue plasminogen activator (also called IV alteplase) 

LAMS Los Angeles Motor Scale 

MA meta-analysis 

MCA middle cerebral artery 

MR CLEAN Multicenter randomized clinical trial of endovascular treatment for acute ischemic 
stroke in the Netherlands trial 

MRI magnetic resonance imaging 

mRS modified Rankin Scale 

MSU mobile stroke unit 

NASA North American Solitaire Stent-Retriever Acute Stroke registry 

NCCT non-contrast computed tomography 

NIHSS National Institutes of Health Stroke Scale 

NINDS National Institute of Neurological Disorders and Stroke 

OR odds ratio 

POSITIVE Perfusion imaging selection of ischemic stroke patients for endovascular therapy 
trial 

P p-value 

PSC primary stroke centre 

RAAPID Referral, Access, Advice, Placement, Information & Destination 

RACECAT A trial comparing transfer to the closest local stroke center vs. direct transfer to 
endovascular stroke center of acute stroke patients with suspected large vessel 
occlusion in the Catalan Territory 

RCT randomized control trial 

REVASCAT Revascularization with Solitaire FR device vs. best medical therapy in the treatment 
of acute stroke due to anterior circulation large vessel occlusion presenting within 
8 hours of symptom onset trial 

sICH symptomatic intracranial hemorrhage 
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SR systematic review 

STAR Solitaire flow restoration thrombectomy for acute revascularization trial 

STARS Shock Trauma Air Rescue Society 

SWIFT 
PRIME 

Solitaire with the intention for thrombectomy as primary endovascular treatment 
trial 

THRACE Trial and cost effectiveness evaluation of intra-arterial thrombectomy in acute 
ischemic stroke trial 

THERAPY The randomized, concurrent controlled trial to assess the Penumbra System’s 
safety and effectiveness in the treatment of acute stroke trial 

TIA transient ischemic attack 

TICI Thrombolysis In Cerebral Infarction 

tPA tissue plasminogen activator (also called alteplase) 
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Glossary 
The glossary terms listed below were obtained and adapted from publications cited in this review, as 
well as the following sources:  

• Al-Ali F, Elias JJ, Filipkowski DE. Acute ischemic stroke treatment, part 2: Treatment "roles 
of capillary index score, revascularization and time". Frontiers in Neurology 2015;6:117. 

• Alberta Health Services [Internet]. Continuing care - Continuing care choices. Available from: 
www.albertahealthservices.ca/cc/Page13339.aspx 

• Almekhlafi MA, et al. Lessons learnt from recent endovascular stroke trials: Finding a way to 
move forward. Expert Review of Cardiovascular Therapy 2014;12(4):429-36. 

• Almekhlafi MA, et al. Overcoming the evening/weekend effects on time delays and 
outcomes of endovascular stroke therapy: The Calgary Stroke Program experience. Journal of 
Neurointerventional Surgery 2014;6(10):729-32 

• Espinosa de Rueda M, et al. Combined multimodal computed tomography score correlates 
with futile recanalization after thrombectomy in patients with acute stroke. Stroke 
2015;46(9):2517-22. 

• Pfaff J, et al. Clinical outcome after mechanical thrombectomy in non-elderly patients with 
acute ischemic stroke in the anterior circulation: Primary admission versus patients referred 
from remote hospitals. Clinical Neuroradiology 2015. 

• Walker JD, et al. CIHI survey: Alternative level of care in Canada: A summary. Healthcare 
Quarterly 2009;12(2):21-3. 

• Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM. Statistics in medicine — reporting 
of subgroup analyses in clinical trials. New England Journal of Medicine 2007;357(21):2189-94. 

Alternate level of care (ALC) – A patient is assigned to the ALC group when he/she is using a bed 
in an acute hospital and does not require the intensity of resources/service provided in that hospital, 
but is not yet discharged due to either lack of support in the community or lack of capacity in 
another institution. 

Alberta Stroke Program Early Computed Tomography Score (ASPECTS) – A semi-
quantitative scoring system developed to select patients eligible for intravenous thrombolysis with 
non-enhanced computed tomography (CT). Some authors have applied ASPECTS to CT perfusion 
parametric maps and CT angiography (CTA) source imaging trying to achieve better selection of 
patients for reperfusion therapy. 

Area under the curve (AUC) – The accuracy of a diagnostic test is measured by the area under the 
receiving operating curve (more simply known as the AUC). The AUC is an overall measure of 
discrimination: excellent discrimination – AUC=0.90 to 1.0; good discrimination – AUC=0.80 to 
0.90; fair discrimination – AUC=0.70 to 0.80; poor discrimination – AUC=0.60 to 0.70; 
discrimination no better than chance – AUC≤0.50. 

Comprehensive stroke centre (CSC) – Specialized hospital that concentrates on stroke treatment. 
CSCs have a stroke team, neurosurgical expertise, and neurointerventionalist expertise on-site, in 
addition to primary stroke centre (PSC) capabilities (see Primary stroke centre). 

Disability-adjusted life years (DALYs) – The sum of the years lost due to premature death plus 
years of healthy life lost due to disability. 
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Door-to-needle time – Time between arrival to emergency department and the administration of 
thrombolysis. 

Drip-and-ship method – A transportation paradigm where patients are first sent to a nearby 
primary stroke centre, where they are assessed, imaged, treated with intravenous tissue plasminogen 
activator (IV tPA), if appropriate, and subsequently transferred to a comprehensive stroke centre for 
endovascular therapy consideration. 

Embolization – The process or state in which a blood vessel or organ is obstructed by the 
lodgment of a material mass (as an embolus). 

Embolus – A mass that travels through the bloodstream and is capable of clogging arterial capillary 
beds. 

Endovascular therapy (EVT) – Pharmacological and/or mechanical intervention, angioplasty, 
stenting, or a combination of these methods.  

Face-arm-speech test (FAST) – Term/acronym used to easily recognize the signs of stroke 
(i.e., facial asymmetry, drooping of one arm, and disturbance of speech). 

Futile recanalization – Patients who present poor clinical outcomes despite an adequate vessel 
recanalization.  

Hemorrhagic stroke – A stroke that is the result of a sudden interruption of blood flow to the 
brain caused by the rupture of a diseased blood vessel. 

Ischemic stroke – Stroke that is the result of a sudden interruption of blood flow to the brain 
caused either by the occlusion of a blood vessel by a thrombus or atherosclerotic plaque. 

Los Angeles Motor Scale (LAMS) – A clinical assessment tool used in the field to determine the 
diagnosis of stroke by first responders. The LAMS score has been shown to be highly effective at 
detecting patients with large artery anterior circulation occlusion, who generally are candidates for 
endovascular therapy (AUC=0.85). 

Local hospital – Mostly urban hospitals, defined by a distance to a comprehensive stroke centre of 
less than or equal to the distance of a marathon (42.195 km) (versus regional hospitals, i.e., mostly 
rural hospitals, defined by a distance to a comprehensive stroke centre of more than 42.195 km. 

Mobile stroke unit (MSU) – Specialized ambulances that are equipped with a non-contrast 
computed tomography (CT) scanner, point-of-care laboratory, specialized multidisciplinary team, 
and telehealth accessibility. 

Mothership method – A paradigm of direct patient transfer from the field to the comprehensive 
stroke centre, bypassing the primary stroke centre.  

Modified Rankin Scale (mRS) – A 7-point ordinal scale that assigns functional outcome into one 
of seven categories, with escalating degree of disability starting from 0 (no disability) to 6 (death). A 
score between 0 and 2 indicates functional independence. 

Number needed to treat (NNT) – The average number of patients who need to be treated to 
prevent one additional bad outcome (e.g., the number of patients that need to be treated for one of 
them to benefit compared with a control in a clinical trial). It is defined as the inverse of the absolute 
risk reduction. 
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Onset-to-reperfusion time – The time interval from the witnessed symptom onset (or last seen 
normal) to the time of successful angiographic reperfusion. 

Penumbra – The area with ischemic tissue potentially destined for infarction but not irreversibly 
injured; this area is the target of any acute therapies. 

Primary stroke centre – Hospital equipped with resources necessary to conduct stroke assessments 
(i.e., computed tomography [CT] scan availability, stroke expertise on-site or available by telestroke, 
and tissue plasminogen activator [tPA] treatment availability, as well as personnel supports including 
imaging technologists and aftercare therapists). 

Recanalization – Opening of an occluded artery and restoration of flow at the primary occlusive 
lesion. 

Reperfusion – Restoration of downstream flow (i.e., flow to the terminal vascular branches arising 
from that primary arterial site). 

Revascularization – The restoration of anterograde blood flow to the ischemic area through the 
recently occluded artery. Currently, this is reported using the modified Treatment In Cerebral 
Infarction (mTICI) score, with mTICI of 2b or 3 being considered successful revascularization. 

Subgroup analysis – Any evaluation of treatment effects for a specific end point in subgroups 
defined by baseline characteristics. 

Supportive living – Type of residential support that helps vulnerable adults, including people with 
learning disabilities, to live independently in the community. 

Telestroke – An approach that allows a neurologist to provide treatment for a stroke patient who is 
located in a remote area. 

Thrombolysis – A treatment to dissolve dangerous clots in blood vessels, improve blood flow, and 
prevent damage to tissues and organs. Also known as thrombolytic therapy. 

Thrombolysis In Cerebral Infarction (TICI) – A tool for determining the response of 
thrombolytic therapy for ischemic stroke. In neurointerventional radiology, it is commonly used for 
patients post-endovascular revascularisation. The original description is based on the angiographic 
appearances of the treated occluded vessel and the distal branches: grade 0 – no perfusion; grade 1 – 
penetration with minimal perfusion; grade 2 – partial perfusion; grade 2A – only partial filling (less 
than two-thirds) of the entire vascular territory is visualized; grade 2B – complete filling of all of the 
expected vascular territory is visualized but the filling is slower than normal; or grade 3 – complete 
perfusion. The modified Treatment In Cerebral Infarction (mTICI) score was developed from the 
original TICI scale by a consensus group in 2013. The recommendations included a name change to 
better reflect the increasing use of endovascular therapy for stroke, and simplification of the TICI 2 
component to less than half of the target vascular territory (mTICI 2a) or more than half (mTICI 
2b). 

Transcranial ultrasound – A feasible tool for assessing intracranial arteries; can be used to identify 
occlusion in the middle cerebral arteries. 

Transient ischemic attack (TIA) – A subtype of stroke that has similar symptoms/signs to 
strokes, except that TIAs last less than 24 hours, and are often less than one hour. 
  

Endovascular therapy for acute ischemic stroke  xvii 

https://radiopaedia.org/articles/ischaemic-stroke


 

Table of Contents 
Acknowledgements .................................................................................................................... i 
Executive Summary.................................................................................................................. iii 

Table ES.1: Canadian jurisdictions providing EVT (as of 31 December 2016) .................................. iv 
Table ES.2: Resources necessary for implementing EVT, by care pathway stage .................................... v 

Abbreviations ............................................................................................................................ xii 
Glossary ..................................................................................................................................... xv 

SECTION ONE: Policy Context ............................................................................................... 1 

1.1 Background............................................................................................................................ 1 

1.2 Policy Question ..................................................................................................................... 1 

1.3 Alberta STE Evidence Assessment ..................................................................................... 1 

SECTION TWO: Social and System Demographics.......................................................... 2 
Susan Armijo-Olivo, PhD; Arianna Waye, PhD; Lisa Tjosvold, MLIS 

2.1 Introduction.......................................................................................................................... 2 

2.1.1. Objective ........................................................................................................................ 2 
2.1.2. Research Questions......................................................................................................... 2 
2.1.3. Method ........................................................................................................................... 2 

2.2 Stroke and Endovascular Therapy ..................................................................................... 4 

2.2.1. Stroke: General Considerations ....................................................................................... 4 
Table S.1: Stroke incidence in Alberta ......................................................................................... 7 
Figure S.1: Alberta ischemic stroke incidence rate (2000-2014)........................................................ 8 
Table S.2: Acute ischemic stroke incidence rate by geographical zone in the province of Alberta (in descending 
order) ..................................................................................................................................... 8 
Figure S.2: Distribution of ischemic stroke incidents and stroke centres in Alberta (2013) ................... 10 

2.2.2. Stroke Treatment and Endovascular Therapy ............................................................... 11 
Table S.3: Absolute and relative contraindications to IV tPA ........................................................ 12 
Table S.4: Revised contraindications for IV tPA ......................................................................... 13 

2.3 Acute Stroke Care in Canada ............................................................................................. 18 

2.3.1. Canadian Jurisdictional Scan ......................................................................................... 18 
Table S.5: Canadian jurisdictions providing EVT (as of 31 December 2016)................................... 18 

2.3.2. The Alberta Context ..................................................................................................... 19 
Figure S.3: Acute stroke patient transportation routing in Alberta .................................................. 23 
Figure S.4: Current care pathway for acute stroke in Alberta, pre-hospital to EVT............................ 27 
Table S.6: Modified Rankin Scale ............................................................................................ 29 
Figure S.5: Current care pathway for acute stroke in Alberta, post-EVT ......................................... 30 

Endovascular therapy for acute ischemic stroke  xviii 



 

2.4 Emerging Developments for Acute Ischemic Stroke Treatment................................... 30 

2.4.1. Mobile Stroke Units ...................................................................................................... 30 
2.4.2. Mobile Telestroke Assessment ...................................................................................... 31 
2.4.3. Transcranial Ultrasound as an Early Screening Tool...................................................... 32 
2.4.4. Thrombolytic Drugs: IV- tPA Alternatives ................................................................... 32 

2.5 Additional Considerations for EVT Implementation ..................................................... 32 

2.5.1. Accessibility .................................................................................................................. 33 
2.5.2. Acceptability ................................................................................................................. 34 
2.5.3. Facilitators and Barriers ................................................................................................ 35 
2.5.4. Social, Ethical, and Legal Considerations ...................................................................... 37 

2.6 Health System Capacity in Alberta .................................................................................. 40 

2.6.1. Emergency Medical Services ......................................................................................... 41 
2.6.2. Emergency Department ................................................................................................ 42 
2.6.3. Diagnostic Imaging ....................................................................................................... 44 
2.6.4. tPA ............................................................................................................................... 46 
2.6.5. EVT.............................................................................................................................. 46 
2.6.6. Hospital Admission....................................................................................................... 48 
2.6.7. Early Supported Discharge and Rehabilitation .............................................................. 49 
2.6.8. Reintegration ................................................................................................................ 51 

Table S.7: Resources necessary for implementing EVT, by care pathway stage .................................... 52 

Appendix S.A: Literature Search Summary ........................................................................... 58 

Table S.A.1: Literature search summary .................................................................................... 58 

Appendix S.B: Alberta Health Services EMS Stroke Screen Tool ....................................... 70 

Appendix S.C: Flight Times from Alberta PSCs to CSCs...................................................... 71 

Table S.C.1: Estimated flight times from Alberta PSCs to CSCs served by STARS and/or fixed-wing air 
ambulances............................................................................................................................ 71 

Appendix S.D: Imaging Technology and Personnel Available in Alberta PSCs ................ 72 

Table S.D.1: List of imaging technology and personnel available at each PSC (CT and CTA) in Alberta
........................................................................................................................................... 72 

References ................................................................................................................................ 74 

SECTION THREE: Technological Safety and Effectiveness......................................... 86 
Bing Guo, MD, MSc; Carmen Moga MD, MSc; Lisa Tjosvold, MLIS 

3.1 Introduction........................................................................................................................ 86 

3.1.1. Objective ...................................................................................................................... 86 
3.1.2. Methods........................................................................................................................ 87 

Table T.1: Eligibility criteria of the included studies ...................................................................... 87 

Endovascular therapy for acute ischemic stroke  xix 



 

3.2 Background ........................................................................................................................ 89 

3.2.1. Brain Blood Circulation and Acute Ischemic Stroke...................................................... 89 
3.2.2. Assessment of Brain Collateral Circulation.................................................................... 89 

Table T.2: ASITN/SIR collateral grading scale ......................................................................... 90 
3.2.3. Assessment of Stroke Severity....................................................................................... 90 
3.2.4. Diagnostic Imaging ....................................................................................................... 90 

3.3 Description of Technology: Endovascular Therapy ....................................................... 92 

3.3.1. Technology Evolvement ............................................................................................... 92 
Table T.3: Comparison between the MERCI Retriever and stent retrievers........................................ 94 

3.3.2. Eligibility Criteria for EVT............................................................................................ 94 
Table T.4: Eligibility criteria for EVT from five 2015 RCTs ....................................................... 95 
Table T.5: Eligibility criteria for EVT from a non-randomized trial ............................................... 96 

3.3.3. Complications of EVT .................................................................................................. 96 
Table T.6: Common complications associated with EVT for acute ischemic stroke .............................. 97 

3.3.4. Future EVT Device Development ................................................................................ 97 
3.3.5. Regulation Status .......................................................................................................... 97 
3.3.6. Clinical Practice Guidelines ........................................................................................... 98 

3.4 Description of Selected Studies ........................................................................................ 99 

3.4.1. Literature Search Results ............................................................................................... 99 
Figure T.1: PRISMA flow diagram of study selection ................................................................. 100 

3.4.2. Characteristics of Selected Studies............................................................................... 100 
3.4.3. Methodological Quality of Selected Studies ................................................................. 101 

3.5 Overall Safety and Efficacy of EVT................................................................................. 102 

3.5.1. Evidence Base............................................................................................................. 102 
3.5.2. Safety Outcomes ......................................................................................................... 103 

Table T.7: Pooling results for symptomatic intracranial hemorrhage and mortality ............................. 104 
3.5.3. Efficacy Outcomes ..................................................................................................... 105 

Table T.8: Pooling results for 90-day mRS ............................................................................... 105 

3.6 Impact of Patient/Clinical Factors on EVT Effects ...................................................... 106 

3.6.1. Evidence from SRs/MAs ............................................................................................ 106 
3.6.2. Evidence from Selected Primary Studies ..................................................................... 109 

Table T.9: Overall findings of the impact of time on EVT effects .................................................. 113 

3.7 Ongoing Clinical Trials .................................................................................................... 115 

3.8 Discussion ......................................................................................................................... 116 

3.8.1. Overall Safety and Efficacy of EVT ............................................................................ 116 
3.8.2. Impact of Patient/Clinical Factors on EVT Effects .................................................... 117 

Endovascular therapy for acute ischemic stroke  xx 



 

3.8.3. Implication for Clinical Practice .................................................................................. 120 

3.9 Conclusion......................................................................................................................... 123 

Appendix T.A: Methodology ................................................................................................. 124 

Table T.A.1: Search strategy for T section ................................................................................ 124 

Appendix T.B: Excluded Studies and Reasons for Exclusion............................................ 139 

Appendix T.C: Characteristics of Included Studies ............................................................ 151 

Table T.C.1: Characteristics of selected SRs/MAs..................................................................... 151 
Table T.C.2: Characteristics of included primary studies .............................................................. 152 

Appendix T.D: Quality Appraisal of Included Studies........................................................ 155 

Table T.D.1: Quality appraisal results of IPD MA by Goyal et al. .............................................. 155 
Table T.D.2: Quality appraisal results of SRs/MAs using AMSTAR tool .................................. 157 
Table T.D.3a: Quality appraisal results of selected primary studies ................................................ 158 
Table T.D.3b: Quality appraisal results of selected primary studies ................................................ 159 
Table T.D.3c: Quality appraisal results of selected primary studies................................................. 160 
Table T.D.3d: Quality appraisal results of selected primary studies ................................................ 161 

Appendix T.E: Overall Effects of EVT in Patients with Acute Ischemic Stroke .............. 163 

Table T.E.1: Summary of IPD MA on overall effects of EVT .................................................... 163 
Table T.E.2: Summary of the best quality SR/MA on overall effects of EVT ................................ 164 
Table T.E.3: Evidence from selected SRs/MAs on overall effects of EVT...................................... 165 

Appendix T.F: Impact of Patient/Clinical Factors on Clinical Outcomes........................ 166 

Table T.F.1: Subgroup analyses results from the IPD MA by Goyal et al. ..................................... 166 
Table T.F.2: Subgroup analysis results from the SR/MA by Bush et al......................................... 167 
Table T.F.3: Impact of collateral status on EVT effects – evidence from the SR/MA by Leng et al. ... 168 
Table T.F.4: Impact of age on EVT clinical outcomes – evidence from primary studies ...................... 169 
Table T.F.5: Impact of comorbidity on EVT clinical outcomes – evidence from primary studies ........... 171 
Table T.F.6: Impact of baseline aspects on EVT clinical outcomes – evidence from primary studies ...... 171 
Table T.F.7: Impact of vessel occlusion location on EVT clinical outcomes – evidence from primary studies
......................................................................................................................................... 171 
Table T.F.8a: Impact of baseline collateral status on EVT clinical outcomes – evidence from primary studies
......................................................................................................................................... 172 
Table T.F.8b: Impact of baseline collateral status on EVT clinical outcomes – evidence from primary studies
......................................................................................................................................... 173 
Table T.F.9: Impact of use of IV tPA on EVT clinical outcomes – evidence from primary studies ...... 173 
Table T.F.10a: Impact of time on EVT clinical outcomes – evidence from primary studies ................. 174 
Table T.F.10b: Impact of time from onset to recanalization on mRS at 90 days............................... 175 
Table T.F.11: Impact of transportation method on EVT clinical outcomes – evidence from primary studies
......................................................................................................................................... 176 

Endovascular therapy for acute ischemic stroke  xxi 



 

Table T.F.12a: Impact of multiple factors on EVT clinical outcomes – evidence from primary studies... 178 
Table T.F.12b: Impact of multiple factors on EVT clinical outcomes – evidence from primary studies... 179 
Table T.F.12c: Impact of multiple factors on EVT clinical outcomes – evidence from primary studies ... 180 

Appendix T.G: Eligibility Criteria......................................................................................... 182 

Table T.G.1: Example of eligibility criteria for EVT................................................................. 182 

References ............................................................................................................................... 184 

SECTION FOUR: Economic Analysis ...............................................................................192 
Charles Yan, PhD; Yufei Zheng, MPH, MA; Anderson Chuck, PhD, MPH 

4.1 Introduction....................................................................................................................... 192 

4.1.1. Objectives and Research Questions ............................................................................ 192 
4.1.2. Methods...................................................................................................................... 192 

Figure E.1: Decision tree model under the mothership method versus the drip-and-ship method ............ 195 
Figure E.2: Markov model .................................................................................................... 196 
Figure E.3: Defined geographical regions and PSCs/CSCs in Alberta........................................... 199 
Table E.1: Clinical inputs ..................................................................................................... 202 
Table E.2: Epidemiological inputs .......................................................................................... 203 
Table E.3: Estimated number of patients by treatment ................................................................ 204 
Table E.4: Cost inputs ......................................................................................................... 205 

4.2 Results .............................................................................................................................. 208 

4.2.1. Geographical Distribution of Optimal Strategies......................................................... 208 
Figure E.4: Distribution of optimal strategies ............................................................................ 209 
Figure E.5A: Population and patients under each strategy – optimal clinical outcomes....................... 210 
Figure E.5B: Population and patients under each strategy – optimal economic efficiency...................... 211 
Figure E.5C: Population and patients affected by change from optimal clinical outcomes to optimal economic 
efficiency ............................................................................................................................. 212 
Table E.5: Difference in cost and clinical outcomes in the affected areas ........................................... 213 

4.2.2. Cost-Effectiveness Analysis ........................................................................................ 213 
Table E.6: Cost and probability of good outcomes by regions and strategies ...................................... 214 
Table E.7: Difference between optimal clinical outcomes versus optimal economic efficiency ................... 215 

4.2.3. Sensitivity Analysis ...................................................................................................... 215 
Figure E.6A: Changes in optimal strategies from 191 to 500 EVT patients – optimal clinical outcomes
......................................................................................................................................... 216 
Figure E.6B: Changes in optimal strategies from 191 to 500 EVT patients – optimal economic efficiency
......................................................................................................................................... 217 
Figure E.7A: Population and patients affected by expanding from 191 to 500 EVT patients – optimal 
clinical outcomes ................................................................................................................... 218 
Figure E.7B: Population and patients affected by expanding from 191 to 500 EVT patients – optimal 
economic efficiency ................................................................................................................. 219 

Endovascular therapy for acute ischemic stroke  xxii 



 

Table E.8: Comparison between 500 versus 191 EVT patients ................................................... 220 
Figure E.8A: Changes in optimal strategies from baseline to better assessments at PSCs – optimal clinical 
outcomes ............................................................................................................................. 222 
Figure E.8B: Changes in optimal strategies from baseline to better assessments at PSCs – optimal economic 
efficiency ............................................................................................................................. 223 
Figure E.9A: Population and patients affected by better assessments at PSCs – optimal clinical outcomes
......................................................................................................................................... 224 
Figure E.9B: Population and patients affected by better assessments at PSCs – optimal economic efficiency
......................................................................................................................................... 225 
Figure E.10: Changes in optimal strategies from baseline to varying cost inputs – optimal clinical outcomes
......................................................................................................................................... 227 
Figure E.11: Changes in optimal strategies including transportation costs of 50% hemorrhagic stroke 
patients – optimal economic efficiency ........................................................................................ 228 
Figure E.12A: Changes in optimal strategies using STARS cost of $2,202 per hour – optimal economic 
efficiency ............................................................................................................................. 229 
Figure E.12B: Population and patients affected by using STARS cost of $2,202 per hour – optimal 
economic efficiency ................................................................................................................. 230 
Figure E.13A: Changes in optimal strategies using EVT cost of $10,000 – optimal economic efficiency231 
Figure E.13B: Population and patients affected by using EVT cost of $10,000 – optimal economic 
efficiency ............................................................................................................................. 232 
Figure E.14A: Changes in optimal strategies using EVT cost of $20,000 – optimal economic efficiency233 
Figure E.14B: Population and patients affected by using EVT cost of $20,000 – optimal economic 
efficiency ............................................................................................................................. 234 
Figure E.15A: Changes in optimal strategies using door-to-needle time of 60 minutes – optimal clinical 
outcomes ............................................................................................................................. 236 
Figure E.15B: Population and patients affected by using door-to-needle time of 60 minutes – optimal clinical 
outcomes ............................................................................................................................. 237 
Figure E.16A: Changes in optimal strategies using door-to-needle time of 60 minutes – optimal economic 
efficiency ............................................................................................................................. 238 
Figure E.16B: Population and patients affected by using door-to-needle time of 60 minutes – optimal 
economic efficiency ................................................................................................................. 239 
Figure E.17A: Changes in optimal strategies using door-to-needle time of 90 minutes – optimal clinical 
outcomes ............................................................................................................................. 240 
Figure E.17B: Population and patients affected by using door-to-needle time of 90 minutes – optimal clinical 
outcomes ............................................................................................................................. 241 
Figure E.18A: Changes in optimal strategies using door-to-needle time of 90 minutes – optimal economic 
efficiency ............................................................................................................................. 242 
Figure E.18B: Population and patients affected by using door-to-needle time of 90 minutes – optimal 
economic efficiency ................................................................................................................. 243 
Figure E.19A: Changes in optimal strategies using discount rate of 0% – optimal economic efficiency ... 244 

Endovascular therapy for acute ischemic stroke  xxiii 



 

Figure E.19B: Population and patients affected by using discount rate of 0% – optimal economic efficiency
......................................................................................................................................... 245 
Figure E.20: Number of EVT procedures at CSCs – optimal clinical outcomes .............................. 246 
Figure E.21: Number of EVT procedures at CSCs – optimal economic efficiency ............................ 247 

4.2.4. Budget Impact Analysis............................................................................................... 247 
Table E.9: Budget impact to accommodate increased EVT volume ................................................ 248 

4.3 Discussion ........................................................................................................................ 249 

4.4 Conclusion......................................................................................................................... 251 

Appendix E.A: Methods of the Economic Analysis ........................................................... 252 

Figure E.A.1: Flowchart of patient selection.............................................................................. 252 

Appendix E.B: Results of the Economic Analysis .............................................................. 253 

Table E.B.1: Distribution of dissemination areas by regions and strategies....................................... 253 
Figure E.B.1a: Illustration of route under mothership method ....................................................... 254 
Figure E.B.1b: Illustration of route under drip-and-ship method.................................................... 255 
Figure E.B.2: Distribution of optimal strategies, 500 EVT patients ............................................. 256 
Figure E.B.3a: Population and patients under each strategy, 500 EVT patients – optimal clinical outcomes
......................................................................................................................................... 257 
Figure E.B.3b: Population and patients under each strategy, 500 EVT patients – optimal economic 
efficiency ............................................................................................................................. 258 
Figure E.B.3c: Population and patients affected by change from optimal clinical outcomes to optimal economic 
efficiency, 500 EVT patients ................................................................................................. 259 
Table E.B.2: Cost and probability of good outcomes, 500 EVT patients........................................ 260 
Table E.B.3: Distribution of dissemination areas by regions and strategies, 500 EVT patients........... 261 
Table E.B.4: Cost and probability of good outcomes, better assessments at PSCs .............................. 262 
Table E.B.5: Distribution of dissemination areas by regions and strategies, better assessments at PSCs . 263 

References .............................................................................................................................. 264 

Appendix A: Expert Advisory Group and Project Team..............................................265 

Author Contribution Statements........................................................................................267 

Endovascular therapy for acute ischemic stroke  xxiv 



 

SECTION ONE: Policy Context 
1.1 Background 
Stroke care in Alberta is evolving to incorporate advancements in technology such as endovascular 
therapy (EVT) into the current standard of care, which is typically a pharmaceutical intervention 
using tissue plasminogen activator (tPA; also called alteplase). However, there are concerns 
regarding the ability to provide EVT, given that the treatment can only be provided at two hospitals 
in Alberta (comprehensive stroke centres, in Edmonton and Calgary), and within a narrow window 
from time of stroke onset (that is, within 6 hours, the ultra-acute period of acute ischemic stroke). 
Therefore, several strategies need to be in place to make EVT available to all eligible patients, 
including those located in rural and other remote areas where there is no immediate access to EVT. 

Accordingly, there is a need to conduct an evidence assessment contextualized to the Alberta setting, 
particularly with regards to the impact of providing EVT to all eligible patients versus maintaining 
the status quo. 

1.2 Policy Question 
The specific policy question to be addressed by the evidence assessment was: What is the appropriate 
use of endovascular therapy for acute ischemic stroke in Alberta’s publicly funded health care system? 

Note that the primary objective of this provincial review is not to assess whether EVT should be 
adopted in Alberta, but rather to determine how best to provide EVT in the province.  

1.3 Alberta STE Evidence Assessment 
Alberta Health’s mission is to set policy and direction to improve health outcomes for all Albertans, 
support the well-being and independence of Albertans, and achieve a high quality, appropriate, 
accountable, and sustainable health system. The 2015-2020 Alberta Health Business Plan describes 
the desired outcomes, priority initiatives, and performance measures and indicators for the Ministry. 
One of the priority initiatives identified in the Business Plan is to increase Alberta’s health system 
capacity for evidence-informed practice through data, clinical information systems, research, 
innovation, health technology assessment, and other structures as appropriate. 

Accordingly, this evidence assessment is being conducted under the auspices of the Alberta Health 
Technology Decision Process (www.health.alberta.ca/initiatives/AHTDP.html). This process involves 
the use of appropriate evidence and information for decision-making regarding the public provision 
of health technologies and services. These assessments consider existing evidence and other 
information relevant to three areas: 

• The Social and System Demographics assessment (S section) describes the profiles of illness and 
patterns of care, and identifies potential inequities in health status or care across population 
groups. 

• The Technology Effects and Effectiveness assessment (T section) provides a systematic review of 
information on the conditions for which the technology is to be used, including an 
assessment of safety, risks, side effects, and intended effects/effectiveness. 

• The Economic Analysis (E section) assesses cost-effectiveness and budget impact. 
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SECTION TWO: Social and System Demographics 
Susan Armijo-Olivo, PhD; Arianna Waye, PhD; Lisa Tjosvold, MLIS 

2.1 Introduction 
2.1.1. Objective 
The objective of the Social and Systems Demographics (S) section of this STE report is to provide 
information describing the burden of acute stroke, the current situation of stroke care in the 
province of Alberta, the current care pathways associated with the administration of both EVT and 
tPA, and the related health outcomes after EVT. Accessibility/acceptability, patient/public views, 
facilitators/barriers, social/ethical/legal considerations, and health system capacity in Alberta with 
regards to providing EVT will also be described. A brief description of policy and practice regarding 
EVT in other jurisdictions of Canada will be reported. 

2.1.2. Research Questions 
The S section aims to address the following research questions: 

1. What clinical need does EVT address? Describe the scope and severity of the condition 
EVT is intended to address (including, but not limited to, prevalence and incidence). How 
does EVT meet the identified clinical needs?  

2. What is the current model of care in Alberta for patients with acute ischemic stroke? What is 
the current EVT service delivery model in Alberta?  

3. Are there alternative or newly emerging developments in the field of acute ischemic stroke 
treatment that would influence the development of EVT service delivery models? 

4. What does the evidence show with respect to other measures of quality, such as 
acceptability, accessibility, and efficiency of EVT and of the options for EVT service 
delivery models?  

5. What social, ethical, and legal, considerations are relevant to answering the policy question? 
6. What are patient/public views and values with respect to EVT and alternate EVT service 

delivery models?  
7. What is the current policy and practice in other jurisdictions, including the rest of Canada, 

with respect to EVT and alternate EVT service delivery models?  
8. How will resources (for example, infrastructure, people, training, programs, existing services, 

system capacity, etc.) be impacted by the proposed policy options? 
9. What are potential approaches, facilitators, and barriers to implementing the proposed policy 

options? What considerations are there with respect to the status quo or alternate EVT 
service delivery models? 

2.1.3. Method 
Sources of informa tion 
Search strategy 

An IHE information specialist conducted a comprehensive search of relevant bibliographic 
databases and grey literature sources to identify the best available evidence regarding stroke care, 
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epidemiology, care pathways, and delivery modes for EVT, as well as information regarding 
accessibility and acceptability of EVT, if available. Reference lists of the retrieved articles were 
checked for additional publications. The following resources were used: 

• Bibliographic databases: MEDLINE, EBSCO Discovery Service, PubMed (ethics subset), 
SocINDEX with Full Text, ABI/INFORM Collection, ProQuest Dissertations & Theses 
Global, PAIS Index, Dissertations & Theses @ University of Alberta 

• Grey literature resources: health technology assessment (HTA) agency websites, clinical trial 
registries, position statements, Health Canada coverage status, Google 

• Reference lists: from retrieved articles for relevant studies 
• MeSH terms use: brain ischemia, stroke, embolectomy, thrombectomy, incidence, 

prevalence, epidemiologic factors, health services accessibility, patient acceptance of health 
care, quality of life, informed consent 

For a detailed search strategy, please refer to Appendix S.A, Table S.A.1. 

Expert Advisory Group consultation 

Consultation with targeted clinical and operational experts (collectively referred to as our Expert 
Advisory Group [EAG]) i occurred to provide information about the current situation of stroke care 
in the province, the current care pathways associated with the implementation of both EVT and 
tPA, patients’ clinical factors that influence EVT decisions, new technologies available for EVT, and 
related health outcomes of stroke. In addition, experts were contacted to determine the impact of 
EVT implementation on the current health system capacity, including what new resources would be 
required to provide coordinated care. 

Study selection 
The initial study selection was conducted by one reviewer (either AW or SAO), who selected studies 
using predefined criteria, based on titles or abstracts only. The final selection was based on the 
review of full-text articles. Abstracts that clearly did not meet the inclusion criteria were excluded. 
Copies of the full text of potentially relevant papers were retrieved and assessed for eligibility. 

Published articles were included if they reported on stroke etiology, epidemiology, burden, 
pathology, prognosis, screening, diagnosis, and treatment, focusing especially on EVT compared to 
or in addition to tPA. In addition, published papers were included if they had information about 
current care pathways associated with local or international implementation of EVT and/or tPA, 
new technologies available for EVT, and related health outcomes after EVT, as well as the 
accessibility/acceptability, patient/public views, facilitators/barriers, and legal/ethical/social 
considerations of providing EVT. 

Data extraction and synthesi s 
One reviewer (SAO) extracted relevant data from the selected studies and synthesized the 
information relevant to answer the questions of the review. 

The remainder of the S section is organized in response to the questions posed above. 

i For a full list of EAG members and others on the project team, please see Appendix A at the end of this 
report. 
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2.2 Stroke and Endovascular Therapy 
This section describes what is known about stroke in terms of: etiology, classification, and associated 
factors; diagnosis and prognosis; and epidemiology and burden. Local information on stroke in 
Canada and in the province of Alberta is highlighted. A description of acute stroke care then 
follows, focusing on EVT, its effectiveness (in general terms), and clinical considerations. 

2.2.1. Stroke: General Considerations 

Etiology , classifica ti on, and associated factors 
The classical definition of stroke according to World Health Organization (WHO) diagnostic criteria 
is “rapidly developing clinical signs of focal (at times, global) disturbances of cerebral function, 
lasting more than 24 hours or leading to death with no apparent cause other than that of vascular 
origin.”1 Stroke is the result of a sudden interruption of blood flow to the brain, caused either by the 
occlusion of a blood vessel by a thrombus (lodged blood clot) or atherosclerotic plaque in ischemic 
stroke, or the rupture of a diseased blood vessel in hemorrhagic stroke.2 Stroke can be classified in 
many ways using different approaches. The most commonly used causative approaches to classifying 
stroke worldwide include the classification used in the Trial of ORG 10172 in Acute Stroke 
Treatment (TOAST), the Causative Classification of Stroke (CCS), and the Oxfordshire Community 
Stroke Project (OCSP) classification. For more information on these stroke classification systems, 
please refer to Mehndiratta et al.2 

The most frequent type of stroke is ischemic, accounting for 55 to 90% of cases; hemorrhagic stroke 
(sub-classified as subarachnoid or intracerebral) accounts for 15 to 20% of cases.2 Ischemic stroke 
generally occurs at an older age than subarachnoid hemorrhagic stroke, at an average of 73.2 years of 
age3 compared to 60 years of age or younger.4 In a study of 176, 571 ischemic strokes, the majority 
(90%) of ischemic strokes occurred outside of a hospital, and 9% occurred in patients hospitalized 
for unrelated indications.5 

Acute ischemic stroke ranges in clinical severity from transient ischemic attacks or minor stroke to 
severe and deadly, resulting from large, proximal vessel occlusion.6 Transient ischemic attacks are 
similar to strokes except that a transient ischemic attack episode lasts less than 24 hours, often less 
than one hour.7 

Several risk factors have been associated with different types of stroke. The most common risk 
factors for all types of stroke include:8 

• history of hypertension or blood pressure greater than 160/90 mmHg; 
• current smoking; 
• increased waist-to-hip ratio; 
• presence of diabetes mellitus; 
• excessive alcohol intake; 
• increased consumption of red meat, organ meats, eggs, fried foods, pizza, or salty snacks, or 

cooking with lard; 
• presence of psychosocial stress and depression; 
• cardiac causes; and  
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• increased ratio of apolipoproteins B to A1. 

In a recent large case-control study including 22 countries, all of these factors were found to be 
significantly associated with increased risk of all types of stroke, collectively accounting for 90.3% of 
the risk for all types of stroke, and 90.9% of the risk for ischemic stroke, in particular.8 The study 
found that the most important risk factor for all stroke types was hypertension, especially in people 
younger than 45 years old, though it was more strongly associated with intracerebral hemorrhagic 
stroke than ischemic stroke. Smoking, increased waist-to-hip ratio, poor diet, and alcohol intake 
were found to be the other main significant risk factors for intracerebral hemorrhagic stroke. On the 
other hand, a good diet (especially increased consumption of fruit and fish) and regular physical 
activity were found to be associated with reduced risk for all types of stroke. Controlling for these 
risk factors could potentially prevent 90% of strokes, leading to a reduction in the use of health 
system resources, as well as a reduction of costs to society.8 

The identification of modifiable risk factors is crucial in order to target them in worldwide stroke 
prevention programs, especially those factors that need inexpensive equipment, non-
pharmacological approaches, and little specialized expertise to be implemented, such as reduced salt 
intake, smoking cessation, increased physical activity, and increased consumption of fruit and fish. 
Targeted interventions addressing these risk factors have the potential to reduce the global burden 
of stroke.8 

Diagnosi s and prognosis 
The primary purpose of the diagnosis of acute stroke is to determine stroke subtype.9 Diagnosis 
relies on clinical examination, a thorough clinical history (for example, risk factors), and diagnostic 
imaging (causative approach). Clinical examination findings combined with a clinical history are 
crucial for early identification of a person suffering a stroke, and diagnostic imaging is necessary to 
confirm both the diagnosis and the extension of the stroke. Symptoms of stroke can be detected 
using the face-arm-speech test (FAST), which was launched by a Canadian Heart and Stroke 
Foundation campaign on how to easily recognize the signs of stroke;10 facial asymmetry, drooping of 
one arm, and disturbance of speech are some of the most classical indications of a stroke. 
Diagnostic imaging was initially used primarily to rule out hemorrhage and stroke mimics. With the 
more advanced therapeutic options that are currently available, the role of diagnostic imaging has 
been expanded to determine: the location of thrombus, the volume of the infarct core, tissue 
viability, and the degree of collateral circulation.11 In recent years, significant advances have been 
made with noninvasive diagnostic imaging techniques such as computed tomography angiography 
(CTA), commonly used for structural collateral assessments for acute ischemic stroke. For details on 
using diagnostic imaging for confirming the diagnosis and extension of a stroke, please refer to the T 
section (section 3.2.4). 

For every minute delay in treating a stroke, the average patient loses an estimated 1.9 million brain 
cells, 13.8 billion synapses, and 12 kilometres of axonal fibres during a middle cerebral artery 
occlusion.6 The more rapidly recanalization/reperfusion is achieved, the greater the degree of tissue 
salvage and the better the clinical outcome. With a case-fatality rate between 9 and 19%, ischemic 
stroke has a better prognosis compared with subarachnoid hemorrhagic stroke (26 to 48%) and 
intracerebral hemorrhagic stroke (25 to 61%).12 Severe strokes make up as much as one quarter of all 
strokes (200,000 patients annually in North America), and 30-day mortality in this group is 
approximately 20%.6 
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Secondary cognitive, motor, and sensory impairments caused by ischemic stroke can lead to 
prolonged human suffering, long-term disability, and institutionalized care.13 Patients with a large 
vessel occlusion of a major intracranial artery often present with severe neurological deficits and 
prognosis is often poor if early treatment is not possible; this group is thus the major target for 
EVT.14 

There are almost 200,000 recurrent ischemic strokes annually in the United States, and the risk of 
recurrent stroke over a 5-year period may be as high as 30% or more.9 

Epidemiolog y and burden 
Epidemiology worldwide 

Stroke is a leading global health problem, affecting low-income countries more than higher-income 
countries, and men more than women, especially between 55 and 75 years of age (age-adjusted 
incidence is 1.5 times higher in men).15, 16 In 2013 worldwide, there were approximately 10.3 million 
new strokes (67% being ischemic strokes), 6.5 million deaths from stroke (51% due to ischemic 
stroke), 25.7 million stroke survivors (71% being ischemic stroke survivors), and 113 million 
disability-adjusted life years (DALYs; correspond to the sum of the years lost due to premature 
death plus years of healthy life lost due to disability) due to stroke (58% due to ischemic stroke).15 
Recent epidemiological data have shown that 16.9 million people suffer a stroke each year, which 
represents a global incidence of 258 per 100,000. According to epidemiological projections, the 
number of new strokes will rise to 77 million by 2030.15 

From 1990 to 2013, globally there were statistically significant reductions in the incidence, mortality, 
and DALYs of ischemic stroke; on the contrary, there were statistically non-significant increases in 
the incidence and prevalence of hemorrhagic stroke, and decreases in the mortality and DALYs.17 
Although rates of stroke mortality have decreased in the last 20 years, the absolute number of people 
who have a stroke every year and who subsequently either die from it or live with the consequences 
of it is increasing.17 

The 2013 Global Burden of Disease study reported a decrease in the overall incidence of stroke in 
high-income countries, in contrast to the increase in incidence and mortality rates in middle- to low-
income countries;17, 18 these differences could be due to better prevention programs and treatment 
strategies in the high-income countries.19 The study also estimated a 25% worldwide increase of 
stroke in middle-aged adults (20 to 64 years of age), due to the prevalence of associated conditions 
such as diabetes, obesity, hypercholesterolemia, and smoking, among others.17, 18 

Epidemiology in Canada 

An estimated 62,000 strokes occurred in Canada in 2015, or one stroke every nine minutes.10 
Hundreds of thousands of Canadians live with disability due to stroke effects. 

Based on the 2010 Global Burden of Disease study,19 between 1990 and 2010 the Canadian age-
standardized incidence per 100,000 person-years decreased from 133.05 (95% confidence interval 
[CI]: 86.31, 193.7) to 108.17 (95% CI: 70.11, 154.35) for ischemic stroke and from 36.11 (95% CI: 
22.99, 53.87) to 30.34 (95% CI: 19.17, 45.92) for hemorrhagic stroke, an approximate decrease of 
19% and 16% for ischemic and hemorrhagic stroke, respectively.19 In addition, from 1990 to 2010, 
the DALYs per 100,000 people due to ischemic and hemorrhagic stroke decreased by approximately 
29% and 42%, respectively. These results are consistent with the burden of stroke seen in other 
developed countries.19 
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The mortality due to both stroke types has also decreased, by approximately 43% from 1990 to 
2010.17, 20 This decrease could be due to better specialized medical care, prevention of secondary 
complications, and the implementation of in-hospital stroke units. This decrease in overall mortality 
can be translated in more post-acute stroke resources necessary to provide to stroke survivors. 

Epidemiology in Alberta 

In Alberta in 2016, there were approximately 3,385 stroke cases, with 2,814 being ischemic strokes 
(see Table E.2). Ischemic strokes and transient ischemic attacks account for 86.8% of all strokes in 
the province3 and nearly 87% of hospital admissions due to stroke (average between 2003 and 
2012).20 In 2014, the incidence of acute ischemic stroke was 86.59 per 100,000, significantly more 
than the incidence of both intracerebral hemorrhagic stroke (12.33 per 100,000) and subarachnoid 
hemorrhagic stroke (7.56 per 100,000) (see Table S.1).21 The incidence of ischemic stroke in the 
province has decreased since 2000 (see Figure S.1);21 in the last decade, mortality due to ischemic 
stroke has also decreased, from 12.6% in 2006/07 to 9.9 % in 2010/11.22 

There is considerable variation in the incidence of stroke across geographical regions, with rural 
communities (individuals outside of small and large cities) typically having higher incidence rates 
than urban communities (see Table S.2). Mortality due to stroke in Alberta is similar between urban 
and rural areas; however, rural residents die more frequently in the emergency department setting 
than urban dwellers, who die more often as inpatients.23 

The number of stroke admissions in Alberta has greatly increased compared to other provinces in 
Canada, with an increase of approximately 21.7% for all stroke types from 2003 to 2013, 23% for 
ischemic stroke, 23.4% for intracerebral hemorrhagic stroke, and 12.6% for subarachnoid 
hemorrhagic stroke.20 Of note, a higher proportion of admitted stroke patients were younger in 2012 
compared to 2003, especially between 40 and 69 years of age. The increase in admitted patients aged 
40 to 69 years was 4.8% for all stroke types and 5.4% for ischemic stroke; the changes for 
intracerebral hemorrhagic stroke and subarachnoid hemorrhagic stroke were less pronounced for 
this age group.20 Despite a declining age-adjusted rate overall, the increase in younger stroke victims 
will have greater implications for the economic burden of stroke due to indirect socioeconomic 
consequences such as lost wages and increased costs of caring for younger disabled adults.20 

TABLE S.1: Stroke incidence in Alberta 
Stroke type Incidence rate (per 100,000) 

Acute ischemic 86.593 

Intracerebral hemorrhagic 12.329 

Subarachnoid hemorrhagic 7.56 

Transient ischemic attack 62.567 

Source: Alberta Health Interactive Health Data Application21 
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FIGURE S.1: Alberta ischemic stroke incidence rate (2000-2014) 

 
Source: Alberta Health Interactive Health Data Application21 

TABLE S.2: Acute ischemic stroke incidence rate by geographical zone in the 
province of Alberta (in descending order) 

Geographical zone Incidence rate 

North Zone - NW 139.524 

Westview 137.558 

North Zone - NE 131.859 

Central Zone - SE 127 

North Zone - SE 116.22 

Southwest 111.735 

Wetaskiwin, Ponoka, and Lacombe 106.194 

South Zone - East 104.029 

Leduc County 103.359 

South Zone - Medicine Hat 103.074 

Rocky Mountain House and Drayton Valley 102.212 

North Zone - Central West 101.56 

Highlands, Rocky View, and Wheatland Corridor 101.393 

North Zone - SW 98.573 

Central Zone - NE 94.647 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Incidence Rate 113.19 111.19 104.47 103.28 100.35 99.889 96.144 93.847 89.457 90.201 92.162 94.891 95.429 89.976 93.54
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Geographical zone Incidence rate 

South Zone - Lethbridge 94.562 

St. Albert 94.23 

Central Zone - Central South 93.617 

Edmonton - NE 91.243 

Foothills-Vulcan Corridor 90.445 

City of Red Deer 90.056 

South Zone - Central 89.809 

Grande Prairie 88.352 

Central Zone - East 79.547 

Edmonton - SW 79.337 

Bow Corridor 78.968 

Calgary - NE 76.57 

Fort McMurray 76.151 

Edmonton - SE 76.028 

Strathcona County (including Sherwood Park) 74.911 

Edmonton - West 74.301 

Calgary - NW 69.72 

Calgary - SE 66.82 

Sturgeon County and Fort Saskatchewan 65.865 

Calgary - SW 65.808 

Source: Alberta Health Interactive Health Data Application21 

Figure S.2 below depicts the distribution of incidental ischemic stroke (ICD-10 I63, excluding I63.6, 
I64, and H34.1)24, 25 in Alberta in the 2013 fiscal year, as well as the location of comprehensive and 
primary stroke centres (further discussed in section 2.3). The red points in the figure represent the 
locations of patients. 
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FIGURE S.2: Distribution of ischemic stroke incidents and stroke centres in 
Alberta (2013) 
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Burden worldwide 

The economic impact of stroke on society is significant worldwide.26-29 Several billions of dollars 
have been spent in stroke care and its associated sequelae in countries such as the United States, the 
United Kingdom, Australia, and Argentina.26-29 Stroke is currently the second largest contributor to 
DALYs in developing countries after ischemic heart disease, and the third largest contributor to 
DALYs in developed countries after ischemic heart disease and low back and neck pain.17 

Burden in Canada and Alberta 

Stroke is the third leading cause of death in Canada, and the leading cause of serious long-term 
disability.10 In 2008, the estimated total direct cost of stroke was an estimated $1.2 billion in Canada 
and $100 million in Alberta.30 The adjusted provincial one-year hospital costs due to stroke increased 
from $38,800 in 2006/07 to $47,200 in 2008/09; costs were observed to decrease in 2010/11 to 
$36,600, which is thought to be the result of the implementation of the Alberta Provincial Stroke 
Strategy (APSS) (see section 2.3 for further details).22 

A 2012 multi-centre Canadian study estimated that the costs of stroke to Canadian society were 
enormous, especially the cost associated with disabling stroke.31 Disabling stroke has double the 
costs of non-disabling stroke ($107,883 for disabling stroke and $48,339 for non-disabling stroke).31 
Most of the costs associated with stroke occur in the first three months, representing 54.6% of the 
total costs spent during the first year; hospitalization and rehabilitation costs are the drivers of the 
expenses in this phase, with a three-fold increase in costs for incidents of disabling stroke compared 
to non-disabling stroke, consistent with longer lengths of stay in the hospital and greater 
rehabilitation requirements.31 

2.2.2. Stroke Treatment and Endovascular Therapy 
Current standard of care 
The treatment goal for patients with acute ischemic stroke is to open the occluded vessel 
(recanalization) and restore brain blood flow (reperfusion) to the ischemic tissue before it is 
irreversibly infarcted.32, 33 Between 1950 and 1995, patients with acute ischemic stroke were treated 
with conservative, supportive care, including treatments to minimize medical complications, 
treatments to support collaterals and physiologic parameters, treatments for risk factors, prevention 
of early recurrent infarction, and rehabilitation.32, 34 

Since the pivotal 1995 National Institute of Neurological Disorders and Stroke (NINDS) trial 
studying the effectiveness of intravenous tissue plasminogen activator (IV tPA; also called IV 
alteplase),35 the management of acute stroke has improved. The administration of tPA intravenously 
for the treatment of acute ischemic stroke within 3 hours of symptom onset was first approved by 
the FDA in the United States in 1996.36 The medication is delivered intravenously, with a total dose 
of 0.9 mg/kg delivered 10% as a bolus and the remainder as an infusion over 60 minutes. In 2009, 
based on a pooled analysis of multiple randomized controlled trials including the European 
Cooperative Acute Stroke Study III, the time window for IV tPA was expanded to 4.5 hours from 
symptom onset.37 While the FDA approval for IV tPA has not been changed to reflect this time 
window, national guidelines have endorsed this usage.37 That said, it has been shown that application 
of the treatment within 1.5 hours after the onset of symptoms doubles the odds of a good outcome 
compared to treatment 1.5 to 3 hours after onset.38, 39 The administration of IV tPA within 3 to 4.5 
hours of onset of stroke symptoms is the routine treatment for acute ischemic stroke in several 
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countries;38 currently, tPA is the only thrombolytic drug approved to be used in acute ischemic 
stroke. 

IV tPA provides a statistically and clinically significant improvement in clinical outcomes for 
carefully selected patients with acute ischemic stroke when administered within 4.5 hours of onset; 
however, even within the 4.5-hour window, outcome is poor for some eligible patients, including 
those with occlusions of large arteries. Recanalization rates of acute ischemic stroke with large vessel 
occlusion after IV tPA are low (ranging from 17 to 38% in the literature). Furthermore, early re-
occlusion occurs in 34% of patients treated with IV tPA who had initial recanalization.40 

Symptomatic intracerebral hemorrhage (sICH) is the most feared complication after IV tPA. A 
recent meta-analysis of 6 randomized controlled trials comprising 1,779 patients revealed a nearly 5-
fold risk of sICH with IV tPA compared to no IV tPA.36 

Although the clinical benefit of IV tPA has been well established, only a small portion (3 to 5% 
since 2004) of patients with acute ischemic stroke actually receive this medication across the United 
States.36 Low eligibility rate for this treatment is considered the primary reason for the low rate of IV 
tPA use. Delay in presentation to medical attention is the most common exclusion criterion for IV 
tPA. Within a population, only 22 to 31% of patients with ischemic stroke present to an emergency 
department within three hours of symptom onset.36 There are many other important 
contraindications (see Table S.3). Ultimately, as few as 10% of patients presenting with acute 
ischemic stroke can be eligible for treatment with IV tPA.41 

TABLE S.3: Absolute and relative contraindications to IV tPA 
Absolute contraindications Relative contraindications 

• Acute intracranial hemorrhage  
• History of intracerebral hemorrhage 
• Severe uncontrolled hypertension 
• Serious head trauma or stroke in previous 3 months 
• Thrombocytopenia and coagulopathy 
• Low-molecular-weight heparin 
• Direct thrombin inhibitors  
• Factor Xa inhibitors 
• Severe hypoglycemia or hyperglycemia 
• Early radiographic ischemic changes  

• Advanced age 
• Mild or rapidly improving stroke symptoms 
• Severe stroke and coma 
• Recent major surgery (within 2 weeks) 
• Arterial puncture of non-compressible vessel  
• Recent gastrointestinal or genitourinary hemorrhage 
• Seizure at onset of stroke 
• Recent myocardial infarction (within 3 months) 
• Central nervous system structural lesions 
• Dementia 

Source: Fugate et al. 201542 and Albertson et al. 20147 

These contraindications are taken from the inclusion/exclusion criteria used in the NINDS trial, in 
which the exclusion criteria were used to reduce possible adverse events (mainly hemorrhage) and to 
avoid including patients with stroke mimics in the study population.43 In 2006, the FDA published 
new requirements for the content and format of labelling prescription drugs, which included 
changes to the contraindications section in that only known hazards, not theoretical possibilities, are 
now the basis for contraindications.43 In February 2015, the new labelling for IV tPA was 
implemented, with significant changes to the contraindications which are now listed as general 
contraindications for all uses of tPA and specific contraindications for acute ischemic stroke 
treatment (see Table S.4).44 

Endovascular therapy for acute ischemic stroke  12 



 

TABLE S.4: Revised contraindications for IV tPA 
General Acute ischemic stroke 

• Active internal bleeding 
• Recent intracranial or intraspinal surgery or serious head trauma 
• Intracranial conditions that may increase the risk of bleeding 
• Bleeding diathesis  
• Current severe uncontrolled hypertension 

• Current intracranial hemorrhage 
• Subarachnoid hemorrhage 

Adapted from: Genentech Inc. 201544 

The testing of new treatment strategies for improving stroke patient outcomes has increased since 
the implementation of IV tPA. In the last few years, endovascular therapy (EVT) has been raised as 
an effective option for treating acute ischemic stroke, in particular. 

Endovascular therapy 
EVT is a treatment option to facilitate the recanalization/reperfusion of occluded blood vessels. The 
term ‘endovascular therapy’ encompasses multiple pharmacological and/or mechanical procedures, 
from intra-arterial administration of thrombolytic drugs (for example, IA tPA) to mechanical 
thrombectomy that uses various devices to disrupt, catch, or aspirate a thrombus from a patient’s 
bloodstream.45 For mechanical thrombectomy, a thin tube is inserted through an artery in the 
patient’s groin, guided with advanced x-ray imaging through blood vessels to the brain, where a 
retrievable stent is then used to remove the clot.10 Mechanical thrombectomy devices (that is, both 
retrievable stents and thrombus aspiration devices) have evolved, beginning with the first-generation 
Mechanical Embolus Removal in Cerebral Ischemia (MERCI) Retriever. This project will focus only 
on mechanical devices (that is, retrievable stents and thrombus aspiration devices) with the best 
evidence, and thus EVT therapy will be understood as the use of any of these devices. Note that the 
Penumbra System MAX, Trevo Retriever, and Solitaire FR are the most common devices used in 
the province of Alberta (EAG, personal communication, 2017). Further details of EVT devices will 
be discussed in the T section of this report. 

Evidence on EVT effectiveness : Clinical outcomes 
Five seminal trials conducted in the last five years have shown promising results from EVT.46-50 The 
first large trial to conclusively demonstrate that EVT is safe and effective for treating patients with 
large vessel acute stroke was the MR CLEAN trial (“Multicenter randomized clinical trial of 
endovascular treatment for acute ischemic stroke in the Netherlands”), published in 2014.51 This trial 
was followed by the EXTEND-IA trial (“Extending the time for thrombolysis in emergency 
neurological deficits with intra-arterial therapy”),47 the ESCAPE trial (“Endovascular treatment for 
small core and anterior circulation proximal occlusion with emphasis on minimizing CT to 
recanalization times”),48 and the SWIFT PRIME trial (“Solitaire with the intention for 
thrombectomy as primary endovascular treatment”).49 These trials showed encouraging results 
favouring the implementation of EVT for improving stroke functional outcomes, measured via the 
modified Rankin Scale (mRS), with a score between 0 and 2 meaning functional independence (see 
Table S.6); the mRS is a valid and reliable clinician-reported tool widely used in patients with stroke 
to measure global disability. These results were further confirmed in the REVASCAT trial 
(“Revascularization with Solitaire FR device vs. best medical therapy in the treatment of acute stroke 
due to anterior circulation large vessel occlusion presenting within 8 hours of symptom onset”) 
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conducted in Spain,50 as well as in the pooled data provided by recent meta-analyses of these  
trials.52-57 

Six meta-analyses have evaluated the effectiveness of EVT, pooling data and evaluating clinical 
outcomes comparing EVT to standard care (typically consisting of the administration of IV tPA).52-57 
The results of these meta-analyses concluded that EVT significantly increased functional 
independence compared to standard care including IV tPA, with an increase in good functional 
outcome (that is, a mRS score between 0 and 2) at 90 days by at least 30%,54 and a number needed 
to treat (NNT) (that is, the number of patients that need to be treated for one of them to benefit 
compared with a control in a clinical trial) between 5 and 9.52, 55 EVT was also found to be more 
effective than standard care including IV tPA regardless of the occlusion site.52 EVT may be less 
effective in patients older than 70 years old,52 or when patients receive EVT without IV tPA53 (note 
that the number of participants/trials were few in the meta-analyses with these results). 

In all six meta-analyses, mortality was found to not be significantly reduced after EVT compared 
with standard care including IV tPA.52-57 However, in a trial with more stringent criteria using 
diagnostic imaging and having the shortest time from computer tomography (CT) to reperfusion 
than other trials (84 minutes), Goyal et al. noted a significant decrease in mortality in the EVT 
group; no significant difference in adverse effects (specifically, symptomatic intracerebral 
hemorrhage) between EVT and standard care were observed in this trial.48 By pooling the results of 
the newer trials only (2014 to 2015), which included well-selected patients and used modern 
diagnostic imaging and state-of-the-art devices, an even larger effect size was found favouring EVT 
when compared with IV tPA.55 

Long-term outcome analyses for patients receiving EVT have not yet been reported due to the 
novelty of this approach; many studies are currently underway. Nevertheless, the results obtained 
from the above discussed studies and meta-analyses now define a new era of care for patients with 
large vessel strokes and thus demand that treatment strategies are in place to provide this type of 
therapy to all eligible patients. A detailed analysis of the effectiveness of EVT and its outcomes will 
be described in the T section of this report. 

Eligibili ty for EVT: Pre-hospi ta l, clinical, and diagnostic imaging considera ti ons 
One of the challenges for EVT is to identify stroke patients who are suitable for the intervention. 
According to the clinical practice guidelines by the Society of Neurointerventional Surgery,58 patients 
with a major stroke due to an occlusion of the middle cerebral artery are considered to be candidates 
for EVT if treated less than 6 hours from onset. 

Pre-hospital assessment 

Emergency medical services personnel provide the first medical contact for 35 to 70% of patients 
with stroke, and thus they play a critical role in the early identification and management of stroke 
patients.59 Early identification and proper notification to tertiary centres including specialized stroke 
centres could reduce delays in transport time, admission, and door-to-needle time (that is, the time 
between a patient’s arrival to the emergency department and the administration of IV tPA/EVT) to 
receive specialized treatment such as IV tPA and EVT. 

Accordingly, there are several clinical assessment tools used in the field by first responders to 
determine a stroke diagnosis. These include the Los Angeles Motor Scale (LAMS),60 the Cincinnati 
Prehospital Stroke Screen (CPSS),61 the National Institutes of Health Stroke Scale (NIHSS),62 and 
the Recognition of Stroke in the Emergency Room (ROSIER) scale,63 among others. None of these 
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tools, however, have been found to reliably and accurately detect patients with large artery occlusion, 
since at least 20% of patients with large artery occlusion would be missed when applying the 
published cut-offs for these tools, and since the tools cannot be used in isolation of other clinical 
factors (such as age, comorbidities, and onset of stroke) to determine patients’ eligibility for EVT.64 

The most widely accepted and validated measure for characterizing initial stroke severity has been 
the full version of the NIHSS, and also its short version (sNIHSS) (see section 3.2.3 for more 
details);62 however, these tools can be time-consuming, cumbersome, and not easily applied by first 
responders. The LAMS (previously known as the Los Angeles Prehospital Stroke Screen [LAPSS]),65 
however, has been more successfully used by first responders to identify an acute stroke.65 The 
theory-driven LAMS uses a Delphi-modified procedure, and is a one-page instrument that takes 
approximately 20 seconds to 3 minutes to complete; it consists of four history items, a blood glucose 
measure, and three physical examination items designed to detect unilateral motor weakness (see 
Appendix S.B).59 When paramedics identify a patient with a LAMS score of 4 or higher, they notify 
the receiving comprehensive stroke centre (CSC), permitting early mobilization of the endovascular 
team and preparation of the angiography suite (that is, the room in which the EVT procedure takes 
place) to accelerate endovascular interventions. 

The diagnostic accuracy of the LAMS when used by paramedics is excellent (positive and negative 
likelihood ratio of 31 [95% CI: 16, 147] and 0.09 [95% CI: 0, 0.21], respectively), as is its predictive 
and discriminant validity and its high diagnostic accuracy (sensitivity 0.81, specificity 0.89, and 
overall accuracy 0.85).59 In addition, the LAMS has been shown to be highly effective at detecting 
patients with large artery anterior circulation occlusion, who generally are candidates for EVT (good 
discriminative validity given an area under curve [AUC] of 0.85).60 The positive likelihood ratio 
associated with a LAMS score of 4 or higher is 7.36, indicating that a patient with a LAMS score of 4 
or higher has a seven-fold increase in the likelihood of having a persisting large vessel occlusion.60 
All of these characteristics have demonstrated the tool’s usefulness for both detecting acute ischemic 
strokes and decreasing false positive rates, thus avoiding unnecessary activation of stroke teams at 
emergency.65 Based on its simplicity, rapid administration, and ease of use at the pre-hospital level, 
the LAMS score is a promising instrument for use by pre-hospital personnel to identify and select 
eligible stroke patients (that is, patients with a LAMS score of 4 or higher) for direct transport to a 
CSC to undergo EVT.60 

Clinical and diagnostic imaging assessment 

In a study published in 2016, Chia et al. looked at a pre-specified clinical eligibility criteria derived 
from recent trials of EVT to determine patients eligible for EVT, incorporating stroke subtype, 
pathogenesis, severity, premorbid mRS score, presentation delay, large vessel occlusion, and target 
mismatch penumbra.66 As a proof of concept for a population with similar characteristics to those 
seen in clinical practice, the authors developed two algorithms to determine EVT eligibility: a 
restrictive algorithm (key criteria mRS score between 0 and 1, presentation delay of less than 3.5 
hours, and target mismatch penumbra) and a permissive algorithm (key criteria mRS score between 
0 and 3, and presentation delay of less than 5 hours). Based on these algorithms, approximately 7% 
of patients with ischemic strokes were potentially eligible for EVT using the restrictive criteria, and 
13% using the permissive criteria.66 To compare: 

• in the EXTEND-IA trial, of the 1,044 patients treated with IV tPA, only 70 patients were 
eligible for EVT (6.7%);47 
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• using non-contrast computed tomography (NCCT) as an diagnostic imaging screen, 
approximately 10 to 15% of patients treated with IV tPA qualify for EVT;67 

• in large referral centres, approximately 5 to 10% of patients with acute ischemic stroke and 
20 to 30% of IV tPA eligible patients may be candidates for EVT;67 and 

• in the Sistema Online d’Informació de l’Ictus Agut de Catalunya (SONIIA) trial in Spain, 
20.9% of patients received EVT.68 

In addition to clinical criteria, it has been shown that diagnostic imaging may also help determine 
who could benefit of EVT.69 As discussed further in the T section (section 3.2.4), diagnostic imaging 
can be used to identify the following in a patient who has suffered a stroke:52 

• location of occlusion and extent of the penumbra (that is, the brain tissue that will die if 
untreated but survive if timely reperfusion [restored brain blood flow] occurs) 

• infarct extension (that is, the ischemic parenchyma irreversibly damaged by the significant 
hypoperfusion), based on the Alberta Stroke Program Early CT (ASPECTS) score (see 
section 3.2.4 for more details) 

o ASPECTS quantifies early ischemic changes in the middle cerebral artery territory; a 
normal CT scan receives an ASPECTS of 10 points, and a score of 0 indicates 
diffuse involvement throughout the middle cerebral artery territory 

o patients with a hypodensity area greater than one-third of the middle cerebral artery 
territory or with an ASPECTS less than 7 should not be treated with EVT 

• extent of tissue at risk or irreversible ischemia (for patients with symptom onset to qualifying 
imaging of more than 4.5 hours) 

• presence of collaterals 

Approximately 14 to 28% of patients with ischemic stroke have a stroke onset time that cannot be 
clinically determined (so-called “wake-up stroke”, stroke on awakening, stroke during sleep, unclear-
onset, unwitnessed, unknown onset, or indefinite onset stroke), and thus generally are excluded 
from thrombolytic treatment;69 diagnostic imaging could be used to determine if these patients are 
candidates for EVT. Furthermore, the use of software to automatically evaluate imaging has 
improved both the efficiency of the EVT procedure and door-to-needle times, with a small amount 
of error. In future clinical practice, software could facilitate the standardization and interpretation of 
diagnostic imaging when more experienced personnel are not available.70 

Many recent trials use diagnostic imaging criteria to determine the EVT eligibility of stroke patients 
and note the importance of using diagnostic imaging in the initial assessment when deciding who 
could benefit from this therapy.47-49 For example, in a recent randomized controlled trial that 
selected patients for EVT based on diagnostic imaging (that is, CT and CTA), Goyal et al. found 
patients who met the following criteria to be eligible for EVT: acute ischemic stroke with a proximal 
vessel occlusion, a small infarct core (defined as an ASPECTS of 6 to 10), and moderate-to-good 
collateral circulation, as evidenced by CT/CTA.48 In the selected group of patients, EVT was found 
to improve functional outcomes and reduce mortality. These diagnostic imaging criteria were 
successfully used to determine patients’ eligibility and to obtain fast time to reperfusion and 
improvement in outcomes, compared with previous randomized controlled trials which did not use 
imaging criteria as part of the eligibility criteria for EVT. As trials which used diagnostic imaging 
criteria for selecting patients for EVT have found EVT to have positive results regardless of age, 
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gender, severity of the stroke, those receiving IV tPA or not, and those with or without occlusion in 
the internal carotid artery, efficient inclusion criteria using diagnostic imaging could maximize the 
effectiveness of this therapy.48 Diagnostic imaging should thus be performed in all patients with 
symptomatic ischemic stroke presenting within 6 hours of symptom onset, to accurately diagnose 
large artery occlusion and determine the need for EVT.64 

As discussed in section 3.2.4, it has been shown that magnetic resonance imaging (MRI) is less time-
efficient due to obstacles for its use in the acute stroke setting, and it does not provide additional 
information for treatment decision compared to CT perfusion.33 In fact, MRI has been shown to 
cause a door-to-needle median time increase of 78 minutes compared to CT perfusion.70 

Together with clinical criteria, the diagnostic imaging criteria used by Goyal et al.48 are currently used 
in Alberta to determine eligibility for EVT. The use of the pre-hospital LAMS assessment 
complemented with diagnostic imaging to determine the eligibility of EVT is a strategy that is at the 
early stages of implementation in the province of Alberta. Details of the current pathway and the use 
of the LAMS score will be described in section 2.3. Further discussion of eligibility criteria for EVT 
can be found in section 3.2.2. 

Implementi ng time-sens i tive treatments : Logistica l considera ti ons 
Every minute of delay has serious implications for stroke patient outcomes. For example, it has been 
reported that for every five-minute delay in reperfusion, one in every 100 patients had a worse 
outcome.71 Furthermore, early experiences using IV tPA have shown that providing education for 
first responders and paramedics in recognizing acute stroke candidates and having pre-hospital 
activation protocols are key elements to accurately triage patients for stroke care.65, 72-75 In fact, 
advance notification of a potential incoming stroke patient from EMS to a CSC/PSC helps to 
achieve a much faster door-to-needle time for IV tPA, as well as increasing rates for IV tPA 
administration since patients are directly sent to imaging, bypassing the emergency department.76-79 
However, when patients present themselves to the emergency department without contact with 
EMS, delays in getting fast treatment for stroke have been reported.80 

The implementation of a comprehensive and integrated system of stroke care has shown to reduce 
delays and increase rates of appropriated treatment for patients with acute ischemic stroke. 
Successful province-wide implementation of EVT thus requires well-coordinated care teams that can 
deliver rapid treatment and reperfusion, with a multidisciplinary team at each CSC/PSC consisting 
of nursing, emergency medicine, stroke neurology, diagnostic neuroradiology, neurointervention, 
and anaesthesia personnel. Any effort to efficiently implement EVT must have the support and 
participation of these health professionals, whose multidisciplinary expertise will provide important 
insights during process mapping, brainstorming, and implementation. 

Involvement of provincial/state authorities in such an integrated system has previously shown 
encouraging results.81 For example, a city-wide pre-hospital acute stroke activation protocol in 
Toronto was implemented by the Ontario government to have acute stroke patients transported 
directly to one of three regional stroke centres, bypassing local hospitals.81 After implementation of 
this protocol, the number of patients with acute stroke arriving at a regional stroke centre within 2.5 
hours of symptom onset was doubled, and the rate of IV tPA administration for ischemic stroke 
increased from 9.5 to 23.4% of patients. 

Strategies targeting in-hospital delays, one of the major obstacles to provide EVT on time, have also 
been supported by the literature. For example, early activation of a centre’s neurointerventional team 

Endovascular therapy for acute ischemic stroke  17 



 

and set-up of the angiography suite in parallel to imaging and decision-making for EVT eligibility 
have shown to reduce the median time of door-to-needle by approximately 25% (from 143 to 107 
minutes).71 Such a change in protocol has been found to significantly increase the proportion of 
patients who satisfy the guideline recommendation of door-to-needle time falling within 120 
minutes82 (from 29 to 72%).83 

2.3 Acute Stroke Care in Canada 
This section first briefly provides a brief jurisdictional scan for Canada regarding the current policy 
and practice in each province/territory with respect to EVT and alternate EVT service delivery 
models. The history and current care pathways for acute stroke in Alberta will then be discussed in 
more detail. 

2.3.1. Canadian Jurisdictional Scan 
All provinces/territories currently using IV tPA as a treatment option for ischemic stroke (no other 
treatment options were identified).84 

According to a recent report, seven provinces (British Columbia, Alberta, Saskatchewan, Ontario, 
Quebec, New Brunswick, and Nova Scotia) provide EVT. Prince Edward Island has not 
implemented EVT.84 Newfoundland and Labrador, as well as Nunavut, Yukon, and the Northwest 
Territories did not answer our email survey. However, based on information provided by our EAG 
(personal communication, 2017), the Northwest Territories as well as Yukon do not provide EVT 
since these patients are sent to Edmonton and Vancouver, respectively, although it is very unlikely 
that they get EVT because air ambulance service is poor in these territories. 

While some provinces/territories and specific hospitals started EVT earlier (2005/06) with the 
initiation of research in the area, only after 2012 has EVT been more consistently provided across 
Canada (see Table S.5). In most provinces/territories, EVT protocols are just being developed and 
are not available in remote or rural areas. Alberta, Ontario, New Brunswick, Nova Scotia, and 
Saskatchewan are currently working on increasing access to EVT, including formalizing 
transportation plans, working on pre-hospital screening processes, and looking for the best way to 
provide access to the majority of the population eligible for this therapy.84 The use of telestroke (that 
is, an approach that allows a neurologist to provide remote treatment for a stroke patient) networks 
and stroke protocols in certain provinces has improved patient screening and accessibility to EVT. 

TABLE S.5: Canadian jurisdictions providing EVT (as of 31 December 2016) 

Province/Territory Protocol for transporting patients 
who might benefit from EVT 

Began providing 
EVT 

EVT procedures 
per year 

British Columbia No January 2016a 210b 

Alberta Yesc 2010d 195e 

Saskatchewan Yes 2008 50 

Manitoba No 2005 Not specifiedf 

Ontario Yesc February 2015g 351h 

Quebec Yes Summer 2015 180i 

Newfoundland and Labrador NR NR NR 
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Province/Territory Protocol for transporting patients 
who might benefit from EVT 

Began providing 
EVT 

EVT procedures 
per year 

Nova Scotia Yesj,k 
Nol 

2012 18i 

New Brunswick No 2006 30-50 

Prince Edward Island NR NR NR 

Nunavut NR NR NR 

Yukon NR NR NR 

Northwest Territories NR NR NR 

Source: Provinces/territories were surveyed regarding their use of EVT and associated protocols, and seven provided 
answers (British Columbia, Alberta, Manitoba, Ontario, Quebec, Nova Scotia, and New Brunswick); additional 
information was obtained from a report on EVT performed by the HTA Unit at the University of Calgary84 
a Some procedures performed earlier, in a non-programmatic way 
b Since January 2016 
c Interim, final under development 
d The first use of a stent retriever was in 2010. However, EVT started earlier in the context of randomized controlled 
trials in the mid-2000s. After the ESCAPE trial in January 2015, EVT was done consistently 
e Approximately, 135 EVT procedures in Calgary and 60 in Edmonton are performed per year 
f Currently, Manitoba has no volume for this procedure. EVT is provided when resources are able to patients within 
the Winnipeg Regional Health Authority 
g Some centres in Ontario have been performing EVT since 2005 as participants in research trials. In February 2015, 
the Ontario Stroke Network established a provincial workgroup to develop an EVT implementation strategy 
h In 2015/16 
i In 2015 
j For areas surrounding the site where EVT is provided: Halifax/Dartmouth/West Hants/Eastern Shore 
k Patients with terminal cancer and living in nursing home with dementia are excluded from EVT 
l For areas outside of the central part of the province, there is a protocol drafted but is not in place yet; patients are 
currently transferred on a case-by-case basis from areas outside of the central part of the province 
NR: no response 

2.3.2. The Alberta Context 
This section provides information about the current situation of acute stroke care in Alberta, and the 
current pathways of care associated with the implementation of both EVT and IV tPA. The 
province and the Cardiovascular Health and Stroke Strategic Clinical Network have been pro-active 
in working to make EVT available to all eligible patients in the province. However, before 
implementing EVT province-wide, several considerations need to be evaluated to make the delivery 
of this therapy more efficient. 

H istory of stroke care in Alberta 
The province of Alberta is topographically diverse, spanning 640,000 square kilometres and a 
population of approximately 3,645,000 (Statistics Canada – Population and Dwelling Counts, 2014). 
Population density varies greatly, with two-thirds of the population residing in two major urban 
centres (Calgary and Edmonton) and the remainder in rural and smaller urban centres (Statistics 
Canada – Population Urban and Rural, 2014).85 In Alberta, hospitals located in more rural areas 
generally do not have neurologists on staff nor neuroimaging capabilities, and therefore they cannot 
administer thrombolytic drugs (that is, IV tPA); prior to 2005, there were only five hospitals in the 
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province that could administer thrombolytic drugs to acute stroke patients.86 Patient access to these 
stroke care resources thus often requires travelling for treatment, up to 1,500 kilometres if travelling 
from the northernmost areas. At such distances, the timing of thrombolysis treatment falls outside 
of the indicated windows (that is, 4.5 hours from stroke onset for IV tPA and 6 hours for EVT), 
causing concern for the quality of stroke care in remote areas.86 

The Alberta Provincial Stroke Strategy 

In 2005, a group of stroke physicians, other healthcare professionals involved in stroke care, and the 
Heart and Stroke Foundation initiated the Alberta Provincial Stroke Strategy (APSS), an integrative 
strategy to improve access to stroke care, implement national standards of stroke care and service, 
and reduce the impact and financial burden of stroke.87, 88 The province allocated $20 million to the 
APSS over two years to improve the delivery of stroke care to Albertans. One of the major goals of 
the APSS was to ensure that all eligible stroke patients receive care in specialized stroke centres for 
thrombolytic therapy, inpatient care, neuroimaging, vascular imaging, and preventive treatments. 
Since the implementation of the APSS, the province has been organized into several specialized 
stroke centres to provide high-quality stroke care; several other initiatives were also undertaken as 
part of the APSS, including the following:88 

• Primary and comprehensive stroke centres: Fifteen primary stroke centres (PSCs) were 
developed to enable enhanced geographical coverage of stroke care within the province, as 
well as two comprehensive stroke centres (CSCs), located in Calgary (Foothills Medical 
Centre) and Edmonton (University of Alberta Hospital). PSCs do not have neurosurgical 
specialists or neurointerventionalists, but each PSC is equipped with the resources necessary 
to conduct stroke assessments (that is, CT equipment, technicians, and radiologists, and 
stroke expertise on-site or available by telestroke [see below]), can administer IV tPA, and 
have other personnel supports such as aftercare therapists. Each CSC has a stroke team 
including neurosurgical and neurointerventionalist expertise on-site, in addition to PSC 
capabilities. 

• Emergency Medical Services: Protocols were developed to train Emergency Medical 
Services (EMS) to use screening tools to identify potential stroke patients, and to transport 
potential stroke patients directly to PSCs. 

• In-hospital and post-discharge: Protocols and best practice standards were developed for 
in-hospital (diagnostic testing, acute treatment, stroke unit admission, inpatient care) and 
post-discharge care (rehabilitation, community reintegration, secondary prevention). 

• Telehealth: Telestroke services were implemented via Telehealth. This plays a critical role in 
the delivery of stroke care, as stroke specialists from the two CSCs are on call 24 hours a 
day, 7 days a week, and can provide advice to PSC physicians on management of acute 
strokes based upon diagnostic imaging and blood test results. 

Current model of care in Alberta 
Acute ischemic stroke care in Alberta has been evolving to incorporate EVT, which is generally 
provided in addition to tPA. Currently, EVT treatment can only be provided at the two CSCs, 
within 6 hours of stroke onset. As previously mentioned, CSCs have a stroke team including 
neurosurgical specialists and neurointerventionalists. These professionals are on call for telestroke 
communication with PSCs, and will recommend a course of treatment (that is, IV tPA and/or 
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determine if eligible for EVT or other acute treatment) based on diagnostic imaging results, clinical 
presentation, and individual factors of the patient. 

Due to the timing and location concerns regarding EVT delivery, Alberta Health Services along with 
the Cardiovascular Health and Stroke Strategic Clinical Network is currently finalizing a new EMS 
routing and communication protocol for patient transport to hospital. Specifically, existing 
transportation routing and communication strategies are being modified to include additional 
screening by first responders using the LAMS tool, as well as four-way communication between the 
EMS practitioner, stroke neurologist, transport physician, and the Referral, Access, Advice, 
Placement, Information & Destination (RAAPID) call centre for determining whether patients are 
potentially eligible for EVT (RAAPID serves as a single point of contact for care providers to 
facilitate the return of patients to a healthcare facility closest to their home address that will best 
meet the patient’s healthcare needs). This four-way call is managed by the STARS Emergency Link 
Centre. 

Transportation for potential EVT patients 

Depending upon the region, the potential modes of EMS transportation for acute ischemic stroke 
patients in Alberta include rotary aircraft (Shock Trauma Air Rescue Society [STARS]), fixed-wing 
aircraft, ground transport, or a combination of these. Most regions in the province primarily rely on 
ground transport, either because they do not have an airport or are out of reach of STARS (that is, 
greater than 250 kilometres away from the STARS base in Calgary, Edmonton, or Grande Prairie, 
which is beyond the limited fuel capacity of a STARS aircraft) ii or because, in the case of large urban 
areas, it is more reasonable to reach via ground transportation. iii Furthermore, fixed-wing aircraft 
take upwards of 60 minutes to take off and can only land at designated airports, limiting the 
efficiency and availability of this mode for particular regions. However, there are some areas that can 
be reached by both ground and air transportation; patients in these areas can be transported to the 
nearest PSC for evaluation prior to being sent to the nearest CSC, or can be transported directly to 
the nearest CSC. Further details regarding the capacity of the ground and air EMS transportation 
resources in Alberta are discussed in section 2.6. 

Aside from ground versus air, EMS personnel must choose between two methods of transportation 
used to meet the needs of patients with acute stroke: the “drip-and-ship” method, where IV tPA is 
administered locally in an emergency department of a PSC followed by transfer to a CSC to receive 
EVT;89 and the “mothership” method, where patients are immediately sent to a CSC for treatment. 

As seen in Figure S.3 below, Alberta can be divided into different regions to indicate the most 
efficient route, mode(s), and method(s) that could be used to transport patients with acute stroke in 
each region, based on proximity to a PSC/CSC and logistics. The basic geographical units adopted 
in the map are the census dissemination areas defined by Statistics Canada (the fourth-level/lowest) 
census geographic units of Canada): 

• Green Regions: consist of dissemination areas that have a driving distance of less than 30 
kilometres to a PSC 

ii For example, areas more than 20 minutes outside of High Level and Fort McMurray. 
iii For example, areas within 30 minutes of the outskirts of Edmonton and Calgary. 
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• Metro Regions: consist of dissemination areas surrounding the University of Alberta 
Hospital (Edmonton) and the Foothills Medical Centre (Calgary), defined as census 
metropolitan areas by Statistics Canada 

• North Region: consists of dissemination areas that are closest to one of the PSCs in 
northern Alberta, including the Northwest Health Centre (High Level), the Peace River 
Community Health Centre (Peace River), and the Northern Lights Regional Health Centre 
(Fort McMurray) 

• West Region: consists of dissemination areas that are located west of two PSCs in western 
Alberta, the Hinton Healthcare Centre (Hinton) and the Queen Elizabeth II Hospital 
(Grande Prairie) 

• Other Region: consists of dissemination areas not included in those described above 
Further details on the transportation method likely used in each region can be found after the figure. 
This figure is based upon discussions with EMS personnel and accounts for logistical constraints in 
the system such as travel distances, location of airports, and fuel tank capacities of air ambulances. 
This figure also provides the structure for the modelling performed in the E section to determine 
the best method of transportation (that is, drip-and-ship or mothership) for EVT. Appendix S.C 
provides estimated flight times from the PSCs to CSCs served by STARS and/or fixed-wing air 
ambulances. 
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FIGURE S.3: Acute stroke patient transportation routing in Alberta 

 

Drip-and-ship method: 
• Green Regions: Patients within 30 kilometres of a PSC are transported by ground to that PSC 

and then flown by STARS (if within 250 kilometres of base) or fixed-wing aircraft to the nearest 
CSC, depending upon which is fastest and/or which resources are available (see Appendix S.C). 
A 30-kilometre radius was selected as it often takes upwards of 20 minutes for the four-way call 
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to be set up by the STARS Emergency Link Centre, at which point patients within 30 kilometres 
of the PSC could be transported and assessed. 

• North Region: Patients are transported by ground to the nearest PSC and then flown by STARS 
or fixed-wing air ambulance to the University of Alberta Hospital. All potential EVT patients are 
transported according to the drip-and-ship method due to the distance from all STARS bases, 
airport availability for fixed-wing aircraft, and time constraints. 

• West Region: Patients in the mountains are transported by ground to the nearest PSC (Hinton 
or Grande Prairie) and then flown to the nearest CSC. Air transport to a PSC is not likely as 
there are no airports for fixed-wing aircraft to land, and weather conditions in this area are often 
unfavourable for STARS. In addition, the distances from the northern mountains are outside the 
range of STARS. 

Mothership method: 
• Metro Regions: Potential EVT patients surrounding the University of Alberta Hospital or 

Foothills Medical Centre are transported directly there using the quickest method of transport 
available (ground, STARS, or fixed-wing aircraft). 

o Note: Patients within 30 kilometres of a PSC within the 200-kilometre radius are first 
transported to the PSC for treatment and then shipped to the University of Alberta for 
reasons mentioned above. 

Either mothership or drip-and-ship method: 
• Other Region: Being more than 250 kilometres from the nearest CSC, potential EVT patients 

may be moved by ground to the nearest PSC and then flown (drip-and-ship method), or moved 
by ground to a location for STARS/fixed-wing air ambulance pick-up if the mothership method 
is determined to appropriate (STARS is the more likely option in this region than fixed-wing 
aircraft). 

The E section of this report will describe in detail several potential routes and modes of transport 
under different scenarios using modelling strategies. 

Current care pathway for acute stroke, pre-hospi ta l to EVT 
The current care pathway for acute ischemic stroke in Alberta is evolving and follows the latest 
recommendations performed by the American Heart Association/American Stroke Association and 
the Society of NeuroInterventional Surgery (SNIS) recommendations.90 This care pathway is 
depicted in Figure S.4, and is described below. 

1. A call will be received by central EMS dispatch regarding a patient with stroke-like symptoms. 
EMS and first responders will be dispatched and, upon arrival to the scene, will employ the 
Stroke Screen tool (which includes the LAMS assessment; see Appendix S.B) and identify red 
flags for an acute stroke. Some patients are transported directly to the hospital without being 
screened by EMS. These patients will be evaluated by the emergency department team at the 
presenting hospital, and will be screened for acute stroke and IV tPA or EVT eligibility. 

Red flags for an acute stroke that is potentially treatable with IV tPA or EVT include: 
o “last seen normal” time of 6 hours or less OR patient awoke with symptoms; and 
o one or more “red” physical examination findings: 
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 level of consciousness: respond to pain, unresponsive 
 speech: incomprehensible or mute 
 leg strength: right falls rapidly, left falls rapidly 
 hand grip: right no grip, left no grip 
 arm strength: right drifts or falls rapidly, left drifts or falls rapidly 

2. The following scenarios could occur: 
o If there are no red flags (that is, the patient has no red physical examination findings, 

their LSN is over 6 hours, and the patient did not awake with symptoms), the patient will 
unlikely be eligible for acute stroke treatment and will be sent to their nearest local 
hospital. 

o If the patient has one of more red physical examination findings but their LSN is over 6 
hours and they did not awake with symptoms, the patient will unlikely be eligible for 
acute stroke treatment and will be sent to their nearest local hospital. 

o If the patient has one or more red physical examination findings, their LSN is 6 hours or 
less, and they awoke with symptoms, the patient will likely be eligible for acute stroke 
treatment, which might include IV tPA and/or EVT. The LAMS assessment will be 
performed on-site and at different points in the process to determine clinical eligibility; 
as previously mentioned, a LAMS score of 4 or more is indicative of having a persisting 
large vessel occlusion, and helps determine EVT eligibility. 

3. Depending on the location of a patient who is likely eligible for acute stroke treatment (see 
Figure S.3), the following scenarios could occur: 

o North, West, and Green (within 30 kilometres of a PSC) Regions: The patient will 
most likely be transported to the closest PSC. The University of Alberta Hospital and the 
Foothills Medical Centre are also considered PSCs, and transportation will be based on 
the fastest way. At the PSC, the PSC team will determine if the patient is eligible for IV 
tPA; if eligible, IV tPA will be administered. The PSC team will also determine if the 
patient is eligible for EVT, based on clinical and imaging criteria (CT/CTA); only those 
patients potentially eligible for EVT will undergo CTA.* Typically, at the PSC, a 
neurologist will receive the patient and determine the patient’s eligibility for EVT. 
Images at the PSC are interpreted by the general radiologist (during the day) or by the 
neurologist after hours in order to decide fast transportation to a CSC. A report on the 
images will always be done by the radiologist at the site where the images were taken; if 
the radiologist is not present at the time of decision, the report will be issued the next 
day. In some cases, images are interpreted with the help of telestroke and, in this case, it 
is more likely that a neuroradiologist at the CSC will interpret the images and help 
determine eligibility for EVT. 
 If not eligible for EVT, the patient will stay at the PSC and receive acute 

treatment. 
 If eligible for EVT, the patient will be transported to the closest CSC by air or 

ground, depending on the fastest and logistically feasible route. At the CSC, the 
patient will again be evaluated through imaging (if transport takes more than 1 
hour), and EVT will be performed if the patient meets the inclusion criteria. 
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 *Note: EVT eligibility will be dependent upon: clinical evaluation (LAMS score of 
4 or more) and imaging evaluation – acute ischemic stroke with a proximal vessel 
occlusion, a small infarct core (defined as an ASPECTS score between 6 and 10), 
and moderate-to-good collateral circulation evidenced by CT/CTA. 

o Metro and Other Regions: The patient will be transported to either a PSC or CSC, 
depending on their proximity and whether they meet the criteria for EVT. 
 If they have a LAMS score of 4 or more, the patient will be transported to a 

CSC. In the CSC, patients will be evaluated by the CSC team to determine if they 
are eligible for IV tPA and EVT. If eligible for IV tPA, IV tPA will be 
administered. If eligible for EVT based on imaging (interpreted by a 
neuroradiologist), the team will perform EVT; if not eligible, the team will 
provide acute care treatment. 

 If they have a LAMS score of less than 4, have improved their symptomatology, 
or are not a candidate for EVT, the patient will be transported to a PSC. In the 
PSC, they will be evaluated by the PSC team to determine if they are eligible for 
IV tPA. If eligible, IV tPA will be administered. 

o A four-way call will be activated any time there is a potential acute stroke in a region 
more than 30 kilometres from any PSC/CSC. The STARS Emergency Link Centre is 
notified by the first respondents and sets up the four-way call, which will determine 
whether the patient potentially meets the criteria for EVT. The patient’s clinical factors 
such as co-morbid illness, age, time of onset, and any known prior patient wishes for 
care will be discussed on this call for patients deemed potentially eligible, as well as the 
method and mode of transportation, considering factors such as distance, weather, and 
resource availability. The patient will be transported via drip-and-ship or mothership 
method, by ground or air. The STARS Emergency Link Centre will also send a pre-alert 
to the receiving PSC/CSC, so the stroke team can be set-up when then patient arrives. 

o Patients with strokes who have a LAMS score of 4 or more that are not ischemic in 
nature (that is, are hemorrhagic or transient) will be shipped to the nearest CSC under 
the mothership when possible. Under the drip-and-ship method, hemorrhagic strokes 
will be identified at the PSC based upon diagnostic imaging, and may or may not be then 
transferred to the CSC for acute treatment (though they would not be eligible for EVT). 
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FIGURE S.4: Current care pathway for acute stroke in Alberta, pre-hospital to EVT 
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Current care pathway for acute ischemic stroke, post-EVT 
The care pathway for post-EVT patients in Alberta is identical irrespective of the mode/method of 
transportation used for a patient to receive EVT (see Figure S.5 at the end of this section). However, 
as discussed in the T section (section 3.5), the mode/method of transportation may influence the 
effectiveness of the treatment, due to the critical relationship between time to treatment and clinical 
outcomes. 

The following discusses the main points of contact between a post-EVT patient and the health 
system, namely hospital admission and discharge, rehabilitation, and reintegration. 

Hospital admission and discharge 

Acute stroke patients at CSCs are admitted to a stroke unit or defined area with an interdisciplinary 
team specialized in treating stroke patients, and are treated and monitored for progress until their 
condition improves.91 Acute stroke units provide for early rehabilitation focused on managing 
common post-stroke issues and factors related to stroke severity (for example, positioning to avoid 
skin breakdown or aspiration), as well as improving patients’ capacity for functional independence. 

Patients are subsequently repatriated to their home hospital in the post-acute phase while waiting for 
admission to rehabilitation beds at another site; patients may be transported back to their local 
hospitals through RAAPID, if they are not local. The decision to transfer patients between centres is 
based on the availability of clinical supports as well as available bed capacity. The organization of 
stroke beds in a specific facility depends on the number of people admitted with stroke per year, and 
also the available clinical support in that facility. 

Discharge planning starts early, and involves the patient, informal caregivers, primary healthcare 
providers, and other community providers. Discharge plans include several aspects of stroke 
management such as: available supports upon discharge (formal and informal, including 
caregiver/family support and involvement); discharge environment; need for community/home care 
services (based on pre- and post-stroke functional status); referral to Stroke Prevention Services 
(SPS) to prevent a recurrent stroke; chronic disease management programs; and other health, 
recreation/leisure, and community social support programs to promote self-management, access to 
education and information, and caregiver support services, among others. At discharge, patients will 
be assessed for whether they need long-term care or supportive living, and be discharged there when 
space is available. If there is no space in any facility, patients will be kept in the hospital under 
alternate level of care. 

While in hospital, patients with stroke can participate in the Early Supported Discharge program, 
introduced by the APSS in 2009. The Early Supported Discharge program is a home-/community-
based service designed for mild to moderate stroke patients where stroke rehabilitation is delivered 
in the patient’s home instead of in the hospital. This service is designed to be intensive and patient 
goal driven. It provides the full spectrum of rehabilitation including speech language pathology, 
occupational therapy, physiotherapy, and recreation therapy, as well as nursing and social worker 
support. The program frees up inpatient beds, achieves similar outcomes to inpatient rehabilitation, 
and has produced a 50% increase in the number of stroke patients who have access to intensive 
rehabilitation (A Lehman, Alberta Health Services, personal communication, 2017). Within this 
program, patients with stroke have been able to return home sooner (approximately in three days of 
admission), decreasing the length of stay at the hospital. Through regular home visits from members 
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of the stroke program team, patients participating in this program receive intensive rehabilitation at 
home following discharge.92 

Rehabilitation 

When an acute stroke patient is medically stable, a team will evaluate the need for further inpatient 
rehabilitation. Consultation with a physiatrist may be requested as appropriate, especially when 
admission to inpatient tertiary rehabilitation is being considered.91 Patients are evaluated based on 
the modified Rankin Scale (mRS) (see Table S.6).93 In general, patients with a mRS score of 2 or 
more who are considered as having a slight disability (that is, unable to carry out all previous 
activities but are able to look after own affairs without assistance)94 will receive inpatient 
rehabilitation at the Glenrose Hospital in Edmonton, Unit 58 at the Foothills Medical Centre in 
Calgary, or the Carewest Dr. Vernon Fanning Centre in Calgary. Patients who are not accepted in 
the inpatient facilities or those having completed post-acute programs (secondary and tertiary) 
requiring longer-term rehabilitation may be appropriate candidates for the Halvar Jonson Centre for 
Brain Injury Inpatient Rehabilitation program at the Ponoka Hospital.95 

TABLE S.6: Modified Rankin Scale 
Level Level Description 

Functional independence 

0 No symptoms 

1 No significant disability despite symptoms; able to carry out all usual duties and activities 

2 Slight disability; unable to carry out all previous activities, but able to look after own affairs without 
assistance  

Functional dependence 

3 Moderate disability; requiring some help, but able to walk without assistance 

4 Moderately severe disability; unable to walk without assistance and unable to attend to own bodily needs 
without assistance  

5 Severe disability; bedridden, incontinent and requiring constant nursing care and attention 

6 Dead 

Source: Dromerick et al. 200394 

When patients do not require further inpatient rehabilitation, they are linked to ambulatory care and 
community resources that provide services such as education about: stroke, its causes, prevention 
and possible effects on physical, cognitive, and psychosocial function; care and support for the 
informal caregiver; reintegration to previous life activity, roles, and community; and rehabilitation 
for residual functional deficits. In Alberta, there is a home rehabilitation program that is part of the 
Early Supported Discharge program (as mentioned above), which sends occupational therapists, 
physical therapists, recreational therapists, registered nurses, social workers, speech-language 
pathologists, and therapy assistants into the home for provision of rehabilitation after discharge 
from the hospital. In Calgary, there is also an outpatient short-term rehabilitation program with a 
focus on community reintegration, functional goals, and self-management, called Community 
Accessible Rehabilitation (CAR). This program is offered at three sites across Calgary: the Peter 
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Lougheed Centre, the Sheldon M Chumir Health Centre, and the South Calgary Health Centre. The 
CAR program has three specialized streams: musculoskeletal, neurology (including pre-drive 
assessments), and pulmonary. The neurology teams consist of: occupational therapists, 
physiotherapists, speech-language pathologists, recreational therapists, social workers, psychologists, 
therapist assistants, productivity consultants, and, for patients with brain injuries, 
neuropsychologists. As a whole, the CAR program sees approximately 7,000 patients per year; from 
these, approximately 2,000 are neurology patients, of which approximately 700 are stroke patients, 
specifically. Patients with stroke are typically seen for 8 to 12 weeks, two or three times per week, for 
one or more disciplines each day. Treatment sessions are usually 60 minutes in length per discipline. 

Reintegration 

Community reintegration is a key component of the continuum of stroke care, and is achieved by 
continuity of services and accessibility to education, self-management information, caregiver 
support, and social supports in the community. This involves connecting a patient with primary 
healthcare providers and other needed supports (adult day programs, chronic disease management 
programs, community support programs, stroke prevention/risk reduction clinics, and recreational 
and fitness facilities). Information about these resources are provided during a patient’s initial 
rehabilitation stages. Chronic disease management programs and other community programs for 
stroke survivors are established within each health region.95 

FIGURE S.5: Current care pathway for acute stroke in Alberta, post-EVT 

 

2.4 Emerging Developments for Acute Ischemic Stroke Treatment 
This section describes alternative or newly emerging developments in the field of acute ischemic 
stroke treatment that could influence the development of EVT service delivery models, namely: 
mobile stroke units, mobile telestroke assessment, transcranial ultrasound screening, and intravenous 
and adjuvant therapies. 

2.4.1. Mobile Stroke Units 
Transfer delays have been identified as the second most common reason why patients could not 
receive EVT96 (the first being the lack of early recognition of stroke by the patient or people 
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nearby97). Mobile stroke units (MSUs) have emerged as an alternative strategy to facilitate the fast 
management of patients requiring IV tPA and/or EVT. MSUs are specialized ambulances that are 
each equipped with a non-contrast CT scanner and a point-of-care laboratory, as well as a 
specialized multidisciplinary team and telestroke accessibility.98 These units facilitate the initiation of 
the IV tPA therapy on-site (that is, in the ambulance), so the drip can be initiated immediately after 
confirmation of a diagnosis of an acute ischemic stroke. Patients who are also eligible for EVT can 
be directly transported by the MSU to a CSC for further treatment. There are currently four MSUs 
in the world – in Cleveland, Houston, and two in Germany. 

Preliminary experiences with MSUs have been favourable.97, 99-103 Using an MSU, treatment with IV 
tPA can be carried out safely and accurately with a median time between onset and treatment of 70 
to 80 minutes, which is much lower than the time required without these units. As patients treated 
with IV tPA within the first 60 minutes of onset of stroke symptoms are more likely to be 
discharged home after hospital admission than those treated later, who may die or need additional 
healthcare (odds ratio [OR] 1.93; 95% CI: 1.09, 3.41), quicker initial treatment is crucial.97 
Additionally, the use of MSU could potentially reduce the time to EVT by allowing pre-hospital 
identification of patients eligible for EVT and facilitating pre-notification, early assembly of the 
endovascular team, and angiography suite preparation, and perhaps bypassing the emergency 
department when the patients arrive at the CSC. 

Due to the favourable clinical outcomes that could be obtained with MSUs and earlier treatment, the 
high cost of an MSU may be offset by a reduction in the costs of long-term stroke care and an 
increase in quality-adjusted life years (QALYs), thereby supporting the widespread use of this 
technology.101 However, most of the data is preliminary, and further investigation of these units by 
randomized controlled trials is underway. 

In 2015, a pilot project at the University of Alberta Hospital featuring a $3.3 million MSU funded by 
the University Hospital Foundation was launched, making it the first MSU in Canada. This MSU will 
also be the first in the world to reach patients outside a major urban centre, since approximately 
25% of the population suffering from a stroke in Alberta comes from rural regions.104 The 
ambulance was expected to be delivered by the end of 2016, with approximately three to four 
months needed to fine-tune management protocols for the pilot testing (EAG, personal 
communication, 2016). 

2.4.2. Mobile Telestroke Assessment 
The use of a mobile telestroke assessment system during ambulance transport shows promising 
results for acute stroke care delivery, particularly in rural areas.105 Such as system uses low-cost and 
widely available technology for good quality video transmission (that is, a platform including a 
tablet-based end point, high-speed modem with commercial wireless access, external antennae, and 
portable mounting apparatus), offering a cheap alternative for ambulances that are not equipped 
with CT, and allowing for direct observational examination via telestroke link, which may improve 
pre-hospital diagnosis and treatment in specific emergency conditions. The system has a cost of 
approximately $1,650 (USD) per ambulance. In a study testing this technology, 93% of the 
connections achieved a minimum of 9 minutes of continuous video transmission, with a mean 
mobile connectivity time of 18 minutes.105 
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2.4.3. Transcranial Ultrasound as an Early Screening Tool 
Preliminary studies have been conducted to assess the usefulness of transcranial ultrasound as a pre-
hospital tool to identify artery occlusion in the brain, and thus to help diagnose stroke and artery 
occlusion. For example, Bar et al. compared transcranial ultrasound findings with CTA findings, 
with regards to identifying artery occlusion.106 The authors determined that the sensitivity of 
transcranial ultrasound to positively identify middle cerebral artery main stem occlusion was 92.3%, 
and the specificity to rule out occlusion was 94.4%. Furthermore, the transcranial ultrasound 
findings agreed with the CTA findings in 87.1% of patients in the study. 

The results of Bar et al. motivated the implementation of a pilot project in the United Kingdom to 
test this technology, using paramedics as the ultrasound operators.107 In this project, the ultrasound 
imaging taken on-site in the ambulance is linked to an intelligent, multi-channel communication 
device, connecting to multiple 2G/3G/4G networks and/or satellites to livestream ultrasound 
images, video, and two-way audio to hospital-based specialists who can guide and advise ambulance 
clinicians regarding diagnosis. The project is at early stages of testing, and future studies will 
determine the feasibility and utility of this technology in real-life settings. 

2.4.4. Thrombolytic Drugs: IV- tPA Alternatives 
Despite the advances in stroke care, tPA is currently the only thrombolytic drug approved to be 
used in acute ischemic stroke. However, IV tPA has several drawbacks such as bleeding risk, 
relatively low recanalization rate, blood-brain barrier permeability, potential neurotoxicity, and short 
half-life requiring continuous infusion.108 

Testing of new drugs such as tenecteplase and desmoteplase is underway; these variants of tPA 
could potentially replace tPA for treating acute ischemic stroke, due to their lower bleeding risk, 
longer half-life, and, in the case of desmoteplase, no neurotoxicity associated. However, the results 
from trials conducted thus far have not been definitive, and more research is needed to determine if 
these drugs will be more effective than tPA and could replace it.108 

Other advances have involved testing the combined inhibition of thrombin-activatable fibrinolysis 
inhibitor (TAFI) and plasminogen activator inhibitor-1 (PAI-1) to reduce infarct sizes after stroke in 
animals.109 The use of biocompatible tPA-loaded iron oxide (Fe3O4) nanorods that can be guided to 
be delivered to the blood clot and release tPA locally has also been under research; this type of 
approach has been demonstrated to improve thrombolytic efficiency and reduce the risk of tPA-
mediated hemorrhage.110 

Overall, preliminary results of these studies are promising for the acute stroke treatment. If these 
drugs/delivery methods prove be more effective at improving brain reperfusion than the current 
practice of administering IV tPA, the drip-and-ship method could potentially be more widely used 
for acute stroke care in the future. 

2.5 Additional Considerations for EVT Implementation 
This section discusses the general accessibility and acceptability of EVT (according to health 
provider, patient, and public views), and the potential facilitators/barriers and social/ethical/legal 
considerations associated with EVT implementation. 
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2.5.1. Accessibility 
Scarce literature exists regarding accessibility to EVT. Extant data in the Canadian context comes 
primarily from Scott et al., which focuses on access to hospitals with IV tPA.111 According to this 
study, a significant percentage of Canadians has geographical access to a hospital with IV tPA 
capability. Over 67% of the total population lives within a 32-kilometre radius of such a hospital, 
which is approximately a 60-minute drive; a higher percentage lives within 90 or 120 minutes (78% 
and 85%, respectively).111 Although these numbers are promising, they highlight that even a minimal 
delay along the stroke care pathway could mean that patients would not get timely access to new 
stroke strategies, especially those who live in remote and rural areas such as the territories and the 
northern regions of Ontario, Quebec, and Manitoba, all of which are completely without access. In 
addition, the Aboriginal peoples of Canada have the worst access, as 60% are without access to a 
hospital with IV tPA capability.111 

A recent report from the HTA Unit at the University of Calgary qualitatively explored issues 
regarding EVT accessibility in the province of British Columbia.84 Participants of the study’s 
interviews expressed concerns regarding the accessibility in remote places where there is not fast 
transportation of patients to a CSC. Currently, residents outside of the lower mainland do not have 
access to EVT. Practitioners from the Vancouver General Hospital and the Royal Columbian 
Hospital mentioned that they had treated only a few patients from the northern, interior, and 
Vancouver Island areas with EVT. The main issues identified in British Columbia regarding EVT 
accessibility were optimization of service provision and coordination with EMS. An alternative for 
care in remote regions of the province would be to send eligible patients to a CSC in Alberta, in the 
event that Edmonton or Calgary is closer than a CSC in British Columbia. Conversations regarding 
such have begun between the interior and northern health authorities in British Columbia and 
Alberta have started.84 

Reports regarding acute stroke care accessibility in the United States focus primarily on geographical 
access to PSCs and neurointerventional treatments. Overall, there is high accessibility to either tPA 
or EVT, though the treatment proportions for IV tPA and EVT remain low (tPA is administered to 
only 4% of all discharged patients with acute ischemic stroke, and EVT to only 0.5%).112 Within 60 
minutes, approximately 81% of the total population has potential access (by ground transportation) 
to hospitals able to provide IV tPA, 66% has access to a PSC, and 56% has access to hospitals that 
provide EVT; within 120 minutes, 99% of the total population has access to hospitals that provide 
IV tPA and EVT by ground or air.112 That said, in suburban areas, only 9% of the population has 
access to a PSC within 60 minutes, and only 1% in rural areas.113 

Some specific demographics related to PSC accessibility in the United States have been reported. 
For example, a higher proportion of non-whites had access to PSCs than whites (77% versus 62%; 
P<0.001), and a greater proportion of Hispanics had access to PSCs than non-Hispanics (78% 
versus 64%; P<0.001).113 There is no meaningful difference in access to PSCs by sex (65.6% versus 
66.0%; P<0.001)113 or age.114 

Although limited data has been published on accessibility to EVT, it is known that poor accessibility 
to a PSC or CSC reduces the chances of implementing IV tPA and/or EVT in a fast and effective 
way,115 and longer distances to hospitals have been associated with higher mortality after stroke.116 
Thus, improving access to specialized centres for providing these therapies is crucial. However, 
there are several potential challenges to such, particularly in suburban and rural areas where there is 
low population density and limited physician/hospital resources that are unable to support a PSC. In 
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these cases, the use of telestroke services and predefined transfer agreements could help to provide 
this therapy to all eligible patients. 

2.5.2. Acceptability 
The acceptability of providing EVT according to health professionals and/or patients has not been 
widely described in the literature, and we were able to locate only a few reports. In the previously 
mentioned report on EVT from the HTA Unit at the University of Calgary, the authors discuss their 
findings on the acceptability of EVT in British Columbia, where EVT has been performed for a 
couple of years (consistently in the last year).84 It was found that there is considerable support and 
view of acceptability among the health professionals interviewed (seven physicians and six healthcare 
administrators) for EVT, implementing a coordinated provincial stroke program, and having a 
national collaboration. In particular, those interviewed noted that is important to work together 
across both health region and provincial boundaries, since the closest location for EVT for certain 
patients may be in a neighbouring health region or province. 

The same report explored the perspectives of stroke patients and their family members on EVT, 
particularly regarding the need to travel to major centres for EVT, and regarding communication 
while a patient is receiving treatment.84 Some patients felt that timely transportation to a major 
centre can be a problem. One family member described the lack of communication within the 
hospital, which contributed to the delay in getting her husband, who had a major stroke, transported 
from a remote setting in time to be eligible for treatment. Others described having difficulties 
tracking down family members who had been transported by air to major centres. Other noted 
issues with transportation included the fact that often there is no room for family members on air 
ambulances, meaning families are required to find their own way to a major centre to be with the 
patient; families appreciate when they are allowed to go with the patient when being transported via 
ground ambulance. 

Patients also noted that, although family members are welcome in big hospitals, there seems to be a 
lack of communication between the hospital and family members regarding a patient’s care. Patients 
consider it important to have their families aware of the entire treatment process, procedures to be 
performed, and details such as the likely time of discharge, so family members know what to expect. 
In addition, communication with local health professionals who will be supporting the patient once 
they have returned to their home community was mentioned as an important consideration. 

In an article in the Edmonton Journal, one stroke survivor expressed her feelings about the MSU for 
stroke.104 She mentioned that these technologies can make a world of a difference for stroke 
patients: “I can’t even imagine how many people this could save,” she said. “This could save lives, 
this could save them from a massive [amount] of disability or brain injury. It can be an amazing 
project.” 

In addition, a study that explored the quality of life of patients who underwent intra-arterial therapy 
(including EVT) showed that 77% of the patients after receiving intra-arterial therapy had a good 
quality of life, with the domains with the highest reported quality of life being mood, vision, and 
self-care.117 Thus, it is anticipated that people with stroke, their family, and caregivers would feel 
positive about new developments such as EVT, especially as these therapies would facilitate a fast 
recovery and reduced level of disability post-stroke, improving the patients’ quality of life. 
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2.5.3. Facilitators and Barriers 
Potential barriers and facilitators to EVT implementation have not been specifically described in the 
literature. However, some information regarding facilitators and barriers to acute stroke care could 
be extrapolated to this case. Furthermore, some factors could be considered to be either facilitators 
or barriers, depending on the action a particular patient takes when experiencing an acute stroke. 
These actions may depend on multiple factors, including a patient’s depth of stroke knowledge and 
their ability to translate that knowledge into appropriate action.118 

In a qualitative study in the United Kingdom, Harrison et al. reported that some of the barriers 
identified by patients and caregivers for gaining access to acute stroke care (especially those therapies 
that are time-sensitive) included a lack of awareness of symptoms related to stroke and lack of 
understanding on what to do when those symptoms were present.119 This is in line with data from 
the Heart and Stroke Foundation in Canada, which indicates that almost 44% of stroke patients 
were not aware of any stroke symptoms.10 Patients in the study by Harrison et al. noted that they did 
not know whether to call a doctor or a neighbour, or wait until the symptoms disappeared. Similar 
results were reported by Hsia et al. in a quantitative study in the United States, where patients noted 
that they did not recognize they were having a stroke, or felt that their symptoms were not serious 
or would self-resolve.118 Another misconception reported by Hsia et al. was that approximately 25% 
of the patients did not call 911 because they thought no medical intervention could help them;118 in 
Canada, only 69% of all stroke patients arrive at the hospital via ambulance after having called 911 
or a local emergency number.10 This information could thus be applicable to patients in Alberta, 
since the general population is typically not aware of stroke-like symptoms or the need to avoid 
delaying early treatment. 

In another United Kingdom study, Dombrowski et al. reported that, although some participants  
found the National Health Services (NHS) FAST campaign (Face, Arms, Speech, Time)120 to be 
useful for identifying some stroke-like symptoms, others found this campaign misleading since they 
personally did not present with the classical symptoms of a stroke. This campaign has also been used 
across Canada, and these results could be applicable to the Alberta context. 

Some patients also identified delays in getting admitted quickly and getting the right treatment on 
time, especially at emergency departments, where they sometimes waited for long periods; they felt 
that poor availability of specialist staff or space and bed resources were the cause of these delays, 
especially on non-working days (that is, weekends and statutory holidays). Participants felt that 
opportunities were missed at this stage and that stroke was not treated with the priority that it 
needed, especially due to the expectations generated by the FAST campaign that stroke should be 
treated fast. The main facilitator of acute stroke care identified by participants, meanwhile, was the 
fast response from EMS; indeed, the speed of arrival was a key factor in participants’ satisfaction 
with the acute care experience. 

In another study, reported facilitators and barriers regarding acute stroke care were associated with 
patients’ stroke symptoms and environments (such as social support and access to EMS).121 Similar 
to the results found by Harrison et al.,119 symptoms were considered facilitators if they were 
perceived as severe, classic, or of sudden onset, were perceived as an emergency even if not 
necessarily stroke symptoms, or were symptoms of a transient ischemic attack, since these 
symptoms influenced more urgent treatment-seeking behaviours by the patient.121 Conversely, 
symptoms that were considered barriers to seeking urgent stroke treatment were symptoms that 
were: perceived as not severe, atypical, or classic (for example, nausea, headache, or pain); of gradual 
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or fluctuating onset; present when awaking from sleep; attributed to another health condition; or 
perceived to be from a diagnosed transient ischemic attack and thus expected to clear. Having social 
support from a relative or colleague who was present at the time of a stroke was considered a 
facilitator for calling 911 and seeking fast treatment; in contrast, experiencing a stroke alone was 
considered a barrier to seeking help quickly, especially when the stroke was severe. Knowledge of or 
ability to access EMS via 911 was considered a facilitator to getting fast treatment; calling a loved 
one or healthcare facility first was a barrier to fast stroke treatment. Previous experience with stroke 
was a facilitator for some patients, and a barrier for others; this depended on the type, complexity, 
and severity of the individual’s symptom profile in the previous stroke.121 

In the report on EVT from the HTA Unit at the University of Calgary, the authors described some 
challenges for EVT to be implemented in British Columbia.84 It was recognized that there was not a 
coordinated provincial stroke program with dedicated funding for EVT, which makes the 
implementation of EVT in the province challenging. The authors noted that funding should come 
from the Ministry of Health and the Provincial Health Services Authority, and should cover not only 
material resources such as stent retrievers and/or clot aspiration devices and related disposables, but 
also human resources such as on-call staff including neurointerventionalists, stroke nurses, and 
CT/CTA technicians, as well as patient transportation. 

Another challenge for British Columbia identified in the report was the geography of the region, 
since many of the areas are accessible only by air or water, and there is a limited availability of air 
ambulances. Furthermore, there is no specific protocol for treatment and transportation of patients 
potentially eligible for EVT. Health professionals in the province were found to be unfamiliar with 
the available transport and participants commented that there is little coordination and/or 
availability of air transport; the best way to direct patients to be treated with tPA or EVT is thus 
often unclear. In addition, some of the hospitals do not have a CT/CTA technician on call for 
service 24 hours a day, 7 days a week, which makes it unlikely that an accurate eligibility diagnosis 
can be made on time. In hospitals with EVT availability, there is no formal triage to optimize the use 
of angiography suites, and clinicians fit new cases into the existing processes, which generates 
pressure on both the angiography suites and the clinicians. Lastly, there is a lack of 
neurointerventionalists who are trained to do EVT in the province, as well as a lack of agreement 
within the medical community regarding what training is required to be able to safely provide EVT; 
thus, the authors noted that it is necessary that the medical community determine what the 
appropriate credentials to do EVT are, as well as what protocols need to be put in place.84 Although 
Alberta has also a diverse geography, protocols have been created in order to provide rapid access to 
stroke care (that is, tPA and EVT) for patients in remote and rural communities. In addition, intra-
hospital protocols either have been implemented (in Calgary) or are being developed (in Edmonton) 
to facilitate the flow of new patients receiving EVT, and enough neurointerventionalists are trained 
in the province to perform these procedures. Therefore, some of the barriers experienced in other 
contexts such as British Columbia have been overcome in Alberta and/or may not be applicable to 
the Alberta context.  

Barriers to pre-hospital acute stroke recognition have been also raised by paramedics, as reported by 
Hodell et al.122 Due to the diversity of stroke types and modes of presentation, it is often difficult to 
recognize strokes on-site without the availability of diagnostic tools such as CT. In addition, there is 
a lack of systematic feedback from emergency department nurses and physicians regarding the work 
done by paramedics in recognizing stroke after patients have been admitted; paramedics could learn 
from such feedback, particularly from mistakes and challenging cases. The dearth of appropriate 
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training/education on stroke in general was seen to negatively impact paramedics’ ability to 
recognize stroke in the field. Case-based training is thought to be helpful in discussing instances of 
misdiagnosis, to review what had been done in the field and why/how such could be improved. 

The use of stroke scales such as the LAMS and the Cincinnati scale to make the diagnosis of stroke 
on-site was seen by some of the experienced paramedics as “a starting point,” but were not 
considered to be the only resource to make a definite diagnosis; these study participants generally 
added some components and techniques learned from colleagues or observed in the hospital to their 
on-site practice.122 

Other barriers for early stroke recognition indicated by paramedics were linguistic diversity, as well 
as exams confounded by alcohol and/or drug use or other pre-existing neurological conditions. 
Similar barriers could be applicable to EMS personnel when screening patients for acute stroke in 
contexts such as Alberta. 

2.5.4. Social, Ethical, and Legal Considerations 
Social, ethical, and legal issues are also important to take into consideration when deciding to 
implement EVT. Discussion of these issues in the literature regarding EVT is scarce, due to the 
newness of this treatment. Most of the available information comes from older studies looking at IV 
tPA and acute stroke care in general. When possible, information applicable to ischemic stroke and 
EVT has been compiled. 

Social considera ti ons 
It has been suggested that, historically, disparities in acute stroke treatment and presentation time to 
stroke centres exist. Explanations for these disparities are difficult to explain since many factors 
could be involved. A discussion of some of these factors and how they could affect treatment 
decision-making are presented below. 

Socioeconomic status 

The influence of patients’ socioeconomic status on their acute stroke care and outcomes has been 
explored in some studies. For example, with regards to transport to the hospital, Hsia et al. found 
that stroke patients of high socioeconomic status tend to arrive at the hospital either by a private 
vehicle or taxi, while those of lower socioeconomic status tend to arrive by EMS.118 Similarly, in a 
small study, Maze and Bakas found that stroke patients with a comfortable income were more likely 
to have longer arrival times to the hospital when compared with those with a tighter income, who 
had the shortest arrival time.123 Regarding which hospital stroke patients would travel to, in a large 
study, Ahuja et al. found that socioeconomic status was not significantly associated with 
presentation to the closest stroke care centre.124 Regardless of socioeconomic status, patients in this 
study sought specialized care for stroke at academic and high-volume hospitals, which are perceived 
as more efficient for proving stroke care; factors associated with the likelihood of travelling longer 
distances to a hospital were older age of a patient, and accessibility to a higher volume or academic 
hospital.124 

In a recent study of the association between socioeconomic status and the use of EVT in the United 
States, Brinjikji et al. found that acute ischemic stroke patients in the lowest income quartile had 
significantly lower mechanical thrombectomy utilization compared with patients in the highest 
income quartile.125 Also, patients with private insurance had significantly higher mechanical 
thrombectomy utilization and were most likely treated at centres offering mechanical thrombectomy 
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when compared with self-pay, Medicaid, and Medicare patients; these differences could be explained 
by issues in access to care in patients with lower income. 

In studies looking at mortality after stroke, stroke patients from the lower socioeconomic status 
have been found to have significantly higher mortality than those of higher socioeconomic  
status.126, 127 

Stroke care knowledge and education 

Aside from resource ability and distance, the mode of transportation for arrival to a hospital could 
be linked to a stroke patient’s socioeconomic status (as discussed above), level of education, and 
knowledge about stroke. Though evidence suggests that stroke patients who arrive at the hospital by 
EMS have significantly shorter arrival times123, 128 and increased likelihood of getting stroke 
intervention,80 only 25% of the population in the United States recognizes that the EMS is the 
fastest mode of transportation to the hospital.118 Similarly, not all patients in Canada recognize 
ambulances as the best method to get to the hospital, as only 69% of stroke patients arrive at the 
hospital by ambulance.10 In addition, most of the population in Canada does not know the key role 
that paramedics play in initial stroke care and treatment. According to a report from the Heart and 
Stroke Foundation, only 25% of stroke patients indicated they knew paramedics could start a clinical 
assessment, treatment, and care at the scene, and only 5% of the respondents were aware that 
paramedics know which hospitals are best equipped to provide stroke care.10 

Regarding arrival time, Iosif et al. found that acute ischemic stroke patients with a high educational 
level had a higher probability of arriving at the hospital within 6 hours of symptom onset.128 

Age 

Age is a more controversial factor in the literature. Several early studies129-132 have found that acute 
stroke patients older than 80 years of age had poorer outcomes after intra-arterial therapy (as well as 
IV-tPA, in some cases) when compared with younger individuals.129 This was confirmed by a recent 
meta-analysis of randomized controlled trials from Health Quality Ontario, where it was reported 
that EVT seems less effective in patients older than 70 years of age (although this analysis was done 
with only a few participants).52 However, in a Swedish study with a larger sample size than previous 
studies published in 2015, Leonard et al. found that ischemic stroke patients 80 years of age or older 
receiving intra-arterial therapy have similar favourable outcomes, rates of mortality, and adverse 
events than younger patients.133 Most of the older patients in this study received a combined therapy 
(that is, both IV-tPA and EVT) and received fast treatment (median of 4.3 hours from onset of 
symptoms).133 Given the available literature, EVT therapy can be provided to patients 80 years of 
age and older, after careful analysis of the risks and benefits for each patient. 

Race 

Differences in stroke care based on race and ethnicity have been reported in several studies 
conducted in the United States, especially in the utilization of tPA.134, 135 Nasr et al. found that Black 
and Hispanic ischemic stroke patients were less likely to have received tPA when compared with 
Caucasian patients, even if they were eligible for the treatment.135 Two recent studies confirmed 
these results, reporting that Black, Native American,136 and Hispanic125 ischemic stroke patients were 
significantly less likely to have mechanical thrombectomy utilization compared to Caucasian patients. 
Although these studies raised the issue of race disparities on mechanical thrombectomy utilization, 
these results may not be applicable to Canada as a whole or Alberta in particular.  
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Ethical considera ti ons 
Limited perception of risk 

One of the ethical issues that have been raised regarding acute ischemic stroke therapies including 
IV tPA and EVT is that the majority of patients do not recognize that decisions about the treatment 
involve a risk. Thus, it seems that patients with stroke have difficulties in perceiving and processing 
information about risk regarding treatments, and this may reduce their ability to be involved in 
clinical decisions where risks are involved. Ideally, patients should receive written as well as oral 
information, and should be asked whether they feel capable of making a treatment decision or not; 
the physician should disclose objective and balanced information about the pros and cons of the 
treatment plan in order to help the patient make the decision.137 However, in a study from Mangset 
et al., it was found that many stroke patients wanted the physician to decide what is best for them.137 
For some patients, ‘‘informed trust’’ may be more important than participating in medical decisions, 
and perhaps this could be a valid option when deciding about treatments such as tPA and EVT. 
While the physician should take the responsibility to decide on behalf of the patient based on a 
judgement of the patient’s values, the validity of informed trust as a criterion for clinical decision-
making needs further exploration.137 

Consent 

The type of consent performed when using EVT can also be a potential ethical issue for acute 
ischemic stroke care. Due to the time-sensitive nature of the treatment, EVT is considered an 
emergent treatment, which often requires consent via telephone from a legally authorized 
representative who is not physically available at the hospital (with or without a third-party witness) 
or two-physician-consent.138 These types of consents are performed to avoid death or serious harm 
caused by delay in administering treatment, and have been accepted as an ethical way to approach 
consent. Furthermore, these types of consent have been associated with faster initiation of EVT and 
good outcomes, similar to when consent is obtained directly/in person.138 

Triaging acute stroke patients 

To determine which patients will benefit the most from a treatment can be problematic and requires 
careful ethical analysis. When triaging stroke patients to specialized treatment facilities such as stroke 
units to receive IV tPA or EVT, the clinician triaging incoming patients needs to decide what is the 
best and fairest option with regards to all the present cases. Although there has not been a study 
specific to EVT, the results of a recent study by Yger et al. on triaging patients to stroke units could 
be extrapolated to the implementation of EVT.139 This study showed that triaging decisions depend 
mainly on the characteristics of the patient as well as the physician’s habits, specialty, and 
perspective. Although it has been shown that all patients with stroke could benefit from stroke units 
independent of their age, sex, initial stroke severity, or stroke type,140 Yger et al. found that 50% of 
physicians (emergency physicians more than neurologists) felt that severe stroke patients without a 
care plan, patients with dementia, and patients with severe stroke would not benefit from the stroke 
unit. That said, if the time window was appropriate to administer IV-tPA, most physicians agreed 
that they would direct a patient with dementia to a stroke unit.139 

Physicians deciding the care path for acute ischemic stroke patients would likely have similar 
perceptions as found by Yger et al., despite the fact that the current evidence either contradicts or is 
controversial regarding these practices. In a recent review, Murao et al. stated that ischemic stroke 
patients with pre-stroke cognitive impairment should be treated with EVT since there is no evidence 
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that EVT would not benefit them; however, EVT would not likely be recommended in cases when 
the patient is at the end-stage of dementia in palliative care.141 

Different theories have been used to determine justice when triaging acute stroke patients to 
different care paths. Currently, triaging in stroke care is conducted based only on physicians’ 
perceptions and without wider discussion, although these decisions have enormous consequences 
for both the patient and society as a whole. The elaboration of explicit eligibility criteria for triaging 
patients to EVT could be a way to legitimize difficult choices and thus comply with ethical issues 
when triaging patients.139 

Legal considerations regarding EVT 
The relevant legislation and regulations in Alberta for EVT are the Health Professions Act, the 
Paramedic Profession Regulation, the Emergency Health Services Act, and the EMS Medical Control 
Protocols. It is anticipated that no changes to the legislation/regulations will occur in the immediate 
future (EAG, personal communication, 2016). In addition, it is not expected that there would be any 
implication or liability on the EMS Medical Control Protocols due to EVT implementation (EAG, 
personal communication, 2016). 

2.6 Health System Capacity in Alberta 
This section describes the current health system capacity in Alberta and how this system can be 
leveraged to accommodate the implementation of EVT in the province (when applicable). 
Approximately 195 patients receive EVT in a year in Alberta (EAG, personal communication, 2016). 
A volume of 500 patients per year is expected if EVT is implemented province-wide, which is about 
15 to 20% of the total stroke population in the province. The estimated growth of EVT procedures 
will be as follows: in Calgary, the growth will be to 175 cases per year from within city and 25 cases 
per year from rural areas; for Edmonton, the growth will be to 150 cases per year from within the 
city and 50 cases per year from rural areas (EAG, personal communication, 2017). Some stroke 
patients from other provinces and territories (the Northwest Territories, north and southeast British 
Columbia, and southwest Saskatchewan) are sent to Alberta for EVT; it is estimated that 
approximately 25 additional patients per year will come to Alberta for EVT from other provinces, 
which will not greatly affect the capacity in Alberta (EAG, personal communication, 2017). 

Additional resources needed and capacity issues for each stage of the EVT care pathway due to the 
expected increase in volume are briefly described under each section, and are summarized in Table 
S.7 at the end of the section. This information was obtained by analyzing Alberta Health Services 
data (Dashboards) and consulting key experts. One key theme that emerged when consulting key 
experts for this review was that there are capacity issues in many areas of the Alberta health care 
system (for example, emergency departments, hospital admissions, nursing shortages, imaging 
services, and rehabilitation), regardless of the condition. It has been highlighted that the 
optimization of care for patients receiving EVT is critically important and must be considered, as 
well as the impact on the care of other patients as it relates to load-balancing of the current system 
(EAG, personal communication, 2017). Currently, capacity is limited in several areas and is not 
planned to increase, and thus, if there is a shift in load volumes to areas that are already 
overburdened, other patients will be impacted. These issues could therefore be viewed as a system-
wide issue, affecting several patient groups including those receiving EVT.  

In addition, there is a lack of monitoring of patient flow at a system level, and there is a lack of a 
coordinated strategy to improve the flow of patients at several points in the health care system. 
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Discussions about these issues have occurred and algorithms have been created to re-distribute 
patients to different hospitals by priority area (for example, maternity, thoracic trauma) and to 
repatriate patients quickly; however, while repatriation policies have been established, their usability 
in practice is limited. Protocols for re-directing and repatriating patients (EVT and other) need to be 
well coordinated, and several entities need to participate in these discussions to be able to improve 
the flow of patients at the provincial level (EAG, personal communication, 2017). Therefore, a pre-
requisite for the EVT implementation province-wide would be a systematic monitoring of the health 
care system (EAG, personal communication, 2017). 

2.6.1. Emergency Medical Services 
The provincial EMS program is divided into 5 zones: north, central, south, metro, and suburban-
rural. Dispatch consolidation began in 2009, and both ground and fixed-wing air ambulances 
(whether emergency ambulance or inter-city transfer ambulances) are dispatched off of the same 
technology platform. 

Ground EMS 
Alberta Health Services employees and more than 40 private/municipal contracted EMS operators 
supply ground ambulance services throughout Alberta. There are over 370,000 events each year, 
involving more than 500 ambulance vehicles and 3,000 EMS practitioners. Ground ambulance 
services are available 24 hours a day, 7 days a week, every day of the year.142 

People living in urban areas such as Edmonton and Calgary can expect an ambulance to arrive 
within 12 minutes, and within 15 minutes for smaller communities with populations greater than 
3,000. In rural areas, it could take up to 40 minutes for an ambulance to arrive, and up to 75 minutes 
for more remote areas143 (for a map of EMS geographical categories, see: 
www.albertahealthservices.ca/assets/images/ahs/ahs-ems-geog-map.pdf).144  

Transfers from ambulances are managed through a transfer matrix based on clinical criteria with the 
following designations (J Garland, EMS, personal communication, 2016): 

• Red – clinically urgent 
• Yellow – not life-threatening, stable but needs tertiary care (respond within an hour) 
• Green – patients that are scheduled for diagnostic imaging and procedures (higher priority of 

patients who just come into the city to be admitted) 
• Blue – transfer back to the community 

The number of non-emergency events to which EMS responded from October 2014 to August 
2016 was approximately 3,832 for rural areas and 118,177 for urban areas; the number of emergency 
events to which EMS responded in the same time period was 12,234 and 333,474 for rural and 
urban areas, respectively.145 The average number of emergency events per month during this period 
was therefore 87.6 for rural areas and 969.5 for urban areas. Edmonton and Calgary had the highest 
average of emergency events per month to which EMS responded, with approximately 5,957.8 and 
5,451.3 per month in Calgary and Edmonton, respectively. 

No capacity issues or training issues are foreseen for EMS due to province-wide implementation of 
EVT. All necessary protocols for EMS to triage patients potentially eligible for EVT are currently 
being developed and piloted, and will be implemented in the near future without affecting the 
system (EAG, personal communication, 2016). 
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Fixed-wing and STARS air ambulances 
The province’s air ambulances transport patients requiring a high level of care either within Alberta 
or from neighbouring provinces to the nearest, most appropriate facility. Alberta Health Services 
contracts 12 fixed-wing aircraft to provide 24-hour air ambulance services throughout the province. 
There are 10 base locations for the fixed-wing air ambulances, namely: Calgary, Edmonton, Fort 
McMurray, Fort Vermilion, Grande Prairie, High Level, Lac La Biche, Medicine Hat, Peace River, 
and Slave Lake.142 Alberta Health Services also has an affiliation agreement with STARS to ensure 
rotary air ambulance service is provided from bases in Calgary, Edmonton, and Grande Prairie. 
Physicians, hospitals, or EMS personnel arrange air ambulance services through the dispatch 
communications and deployment unit. There are 7,200 flights per year, and an average of 20 patients 
per day (including both STARS and fixed-wing air ambulances).146 In 2015/16, there were 1,814 
STARS missions which transported a patient Alberta; generally, half of STARS’ missions are medical 
emergencies (STARS, personal communication, 2016). 

Air ambulances are equipped for EMS operations and have a dual-pilot arrangement (that is, there 
are two pilots). Also onboard are: one paramedic (for STARS) or one emergency medical technician 
(EMT) plus one (Edmonton team) or two paramedics (Grande Prairie and Calgary teams) (for fixed-
wing); one nurse (for STARS); and, where needed, a transport physician (for both STARS and fixed-
wing). These crew compositions may change in the near future, as these contracts will finish by 1 
July 2017 (J Jones, EMS, personal communication, 2017). 

Paramedics and nurses are well-trained and generally are from an emergency department or intensive 
care unit, with a minimum of five years of experience; they undergo further testing and training, 
such as ventilation courses and emergency management. 

It is estimated that no capacity or training issues for personnel related to fixed-wing or STARS air 
ambulances would occur to absorb the demands of province-wide EVT implementation. 

STARS Emergency Link Centre 
A four-way call is activated any time that there is a potential for an acute stroke in a region located 
more than 30 kilometres from any PSC/CSC. The STARS Emergency Link Centre is notified by 
EMS and sets up the four-way communication between the EMS practitioner, stroke neurologist, 
transport physician, and RAAPID to determine whether the patient potentially meets the criteria for 
EVT. 

RAAPID Call Centre 
RAAPID is an Alberta Health Services call centre that serves as a single point of contact for care 
providers to facilitate the return of patients to a healthcare facility that will best meet the patient’s 
healthcare needs closest to their home address (“repatriation”).147 For a patient arriving at a PSC (not 
a CSC), a triage nurse notifies RAAPID; otherwise RAAPID is notified through the four-way call 
initiated by the STARS Emergency Link Centre. RAAPID will notify Telehealth at the University of 
Alberta Hospital in Edmonton or the Foothills Medical Centre in Calgary that a patient with an 
acute stroke requires evaluation. 

2.6.2. Emergency Department 
Ideally, acute ischemic stroke patients are triaged upon entering the emergency department with 
EMS personnel to go directly to diagnostic imaging, which occurs 90% of the time. If the patient is 
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not stable, they will go to the emergency bay; if stable, they will go directly to imaging. Currently, the 
average door-to-needle time for EVT at emergency departments in Alberta is approximately 37 
minutes (interquartile range [IQR]: 25.3-54.8), and 78% of patients are treated within 60 minutes 
(data from November 2015 to March 2016).148 These times have significantly improved over the 
course of the last four years, as it was previously 75 to 90 minutes. There are some outliers with 
door-to-needle times of 100 minutes; this is often due to significant variation in the patients 
themselves and their level of medical complexity (EAG, personal communication, 2016). 

The average number of emergency department visits in Alberta (including only those which are 
considered urgent, emergency, or require resuscitation and require seeing a provider within 0 to 30 
minutes) per month from January 2012 to August 2016 was about 2,739, 15,638, 4,485, 13,935, and 
6,223 for the south, Calgary, central, Edmonton, and north regions, respectively. As expected, 
Calgary and Edmonton had the highest number of emergency visits, with more than 10,000 visits 
each per month.145 In the University of Alberta Hospital emergency department alone, there is an 
average of 184 daily presentations; in the Red Deer and Lethbridge emergency departments, the 
average number is 160 and 148, respectively (data from January to September 2016). Previously, in 
the University of Alberta Hospital, there was a lack of adequate nursing support for EVT 
procedures, and a nurse from the emergency department would be borrowed when needed. This 
had significant implications on the emergency department, such as fewer available nurses and missed 
breaks (EAG, personal communication, 2017). Recently, additional staff were hired to support EVT 
procedures on an on-call basis, releasing some of the burden on the nurses in the emergency 
department. 

Once at the emergency department, patients wait to see a physician for a median of 1.4 hours, and 
have to stay in the emergency department for a median of 9.7 or 3.2 hours if admitted to a hospital 
or discharged home, respectively (data from 2014 to 2016).149 About 24% of patients who present to 
the University of Alberta emergency department are admitted to the hospital, with an average length 
of stay at the emergency department of 11 hours. The time between first contact and a physician 
assessment at the University of Alberta Hospital or Foothills Medical Centre emergency department 
is on average 2.33 hours. In the Red Deer and Lethbridge emergency departments, approximately 
17% and 12% of patients are admitted to the hospital, respectively (data from January to September 
2016), with an average length of stay of about 16 and 8 hours, respectively. The time between first 
contact and a physician assessment at these emergency departments is on average 1.5 hours. 
Medicine Hat has similar statistics as Lethbridge, and Grande Prairie has similar statistics as Red 
Deer. However, Grande Prairie has the greatest average length of stay at the emergency department 
for admitted patients, at about 19 hours. 

The University of Alberta Hospital, the Foothills Medical Centre, and the Red Deer Hospital have 
the greatest number of beds blocked by emergency inpatients in the province, with 7, 12, and 11 
beds, respectively. A blocked bed means that a patient is discharged from the emergency department 
and is admitted to the hospital or further treatment, but, due to unavailability of a hospital bed, the 
patient still is on an emergency bed until a hospital bed becomes available (EAG, personal 
communication, 2017). 

Emergency departments in Alberta are working at 150 to 180% of their capacity, regardless of the 
conditions presenting to the particular hospitals, and there is a shortage of nurses in all departments 
(EAG and H Hair, Alberta Health Services, personal communication, 2017). In addition, in the last 
few years, there has been an increasing number of emergency department visits of patients aged 65 
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years and older, coupled with a high rate of hospital admission (on average, 43%). Patients with 
stroke and those potentially receiving EVT are typically in this age demographic, and thus more 
EVT patients will likely increase the extant capacity issues at the emergency department as well as 
the hospital admission, especially at the University of Alberta Hospital (EAG, personal 
communication, 2017). Therefore, capacity issues need to be discussed from a system perspective. 

Emergency departments are organized based on demand and urgency of the cases; urgent cases are 
prioritized, and an algorithm is followed to treat patients. Although all EVT patients are considered 
emergency cases, since the total number of EVT procedures performed in Alberta is anticipated to 
be only 500 in the span of an entire year, EVT cases should not greatly affect the burden on 
emergency departments overall. Having said that, it will still impact the emergency departments if, 
for example, emergency nurses are needed as nursing support for EVT procedures. It is necessary 
that discussion and coordination between the emergency and neurology departments exist to 
determine the best strategy to meet any new EVT demands, such as increasing human resources 
with the intent of having more staff able to work between both departments (H Hair, Alberta Health 
Services, personal communication, 2017). 

Although no training issues have been identified for the emergency departments of the University of 
Alberta Hospital and the Foothills Medical Centre (who generally have lower door-to-needle times), 
in rural communities, it has been highlighted that education regarding protocols and how to use the 
LAMS score is needed to reduce both door-to-needle times and the burden of EVT cases in rural 
emergency departments (H Hair, Alberta Health Services, personal communication, 2017). In order 
to reduce overcrowding at the emergency department at the University of Alberta hospital, pre-
hospital algorithms are being created to route patients with LAMS scores less than 4 to the Grey 
Nuns Community Hospital; these algorithms will also preferentially route stroke patients outside of 
treatment criteria to other hospitals to improve capacity to deal with more endovascular cases 
(EAG, personal communication, 2017). This strategy to re-direct patients to other hospitals has been 
discussed with several entities in the health care system. However, in order for this strategy to work 
and improve patient flow, coordination within the health system is necessary; this is a system 
capacity issue, and thus needs to be discussed at a system level. To implement these pre-hospital 
algorithms, EMS personnel will be trained for at least 3 months (in-kind contribution from the EMS 
program). The triaging algorithm will be LAMS-based, and will be available on their electronic 
patient care reporting (ePCR) EMS tablets (EAG, personal communication, 2017). 

2.6.3. Diagnostic Imaging 
As mentioned earlier, determining eligibility for EVT considers both a patient’s clinical information 
(that is, red flags for acute stroke and LAMS score) and the results of CT/ CTA imaging. Generally, 
there are at least two diagnostic images taken per each patient: one CT and one CTA. The CT takes 
approximately 10 minutes and the CTA approximately 30 minutes, with an average time of 40 to 45 
minutes for both. Most of the time, another CTA is taken when the patient arrives at the CSC (95% 
of cases), to confirm whether the patient is actually eligible for the EVT procedure (EAG, personal 
communication, 2017). 

Currently, Alberta has 15 PCSs and two CSCs, of which all but one have the capability to perform 
both CT and CTA; the PCS located in Wainwright does not currently have CTA, and it is not 
anticipated that it will in the near future (for a list of CT/CTA technology and personnel available at 
each PSC, see Appendix S.D). Some equipment is older, such as the scanners in Camrose and 
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Medicine Hat, and therefore they are less efficient; replacements for these devices have not been 
planned. 

To perform a CTA scan requires qualified personnel, which is an issue since there are not enough 
trained technologists in the province. Currently, when there is not an available specialist (that is, a 
radiologist or neuroradiologist) who can interpret the images at the PSC (for example, after hours), 
the neurologist or the emergency department physician examines the images, makes a diagnosis, and 
determines EVT eligibility. While this could be viewed as a non-ideal situation since 
neuroradiologists are identified as the “gold standard” for interpreting images, evidence has shown 
that there is good agreement between CT image interpretations by both radiologists and neurologists 
compared to neuroradiologists when determining contraindications for thrombolysis.150 
Furthermore, though neuroradiologists consistently perform better when interpreting CTA images 
than general radiologists, differences found are not statistically significant.151 Having said that, this 
limited evidence comes from only two studies that did not look specifically at EVT decision-making, 
and thus further research is needed in this area. 

In Alberta, there are approximately 20 neuroradiologists, and it would be not feasible to have all 
cases interpreted only by this type of specialist. In addition, radiologists have different types of 
contracts/arrangements with Alberta Health Services. In some regions, only one radiologist is 
available, and it is not possible to have this specialist available 24 hours a day, 7 days a week, and 
thus not all PSCs have CTA availability 24 hours a day, 7 days a week. That said, there are often not 
enough events in some communities that would require analysis by a radiologist, and, since 
specialists are paid per event, it may not be justifiable to have additional specialists available in such 
centres/regions. This issue could be mitigated by the fact that, most of the time, a second CTA is 
performed at the CSC to confirm EVT eligibility, and this interpretation is always done by a 
neuroradiologist (EAG, personal communication, 2017). However, there are a few cases that do not 
get a second CTA.  

Regarding resources needed for EVT diagnostic imaging, Alberta Health Services has indicated that 
they have the capacity (EAG, personal communication, 2016). However, they would need to expand 
time-coverage in some places where a radiologist is not available to interpret the images 24 hours a 
day, 7 days a week. In addition, they need to train technologists (MRT I to MRT II) to be able to 
perform CTAs. Doing so would require an increase in funding for staff training, staff costing, 
operational costs, interpretational costs, and ongoing competency. Alberta Health Services 
anticipates that they would need to train at least 30 technologists in the province to meet the needs 
of EVT implementation. Training takes about six to eight weeks and is done on-site with a hands-on 
approach, learning by shadowing other professionals performing the procedures. Personnel need to 
physically be at either the University of Alberta Hospital or the Foothills Medical Centre for at least 
two weeks at to be able to perform the procedures repeatedly. Thus, there are several costs that need 
to be taken into consideration in this onsite training, including travel costs ($0.51 per kilometre, with 
an average of 400 kilometres total), accommodation (maximum $175 per night), Alberta Health 
Services per diem ($41 per day), and replacement costs to pay personnel to cover the person in 
training. 

Telehealth 
Telehealth provides telestroke services, an approach that allows a neurologist to provide remote 
treatment for a stroke patient. Telestroke is often used for medical consultations in rural areas.152 
When stroke patients are transported to a PSC (that is, using the drip-and-ship method), they are 
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evaluated at the PSC for EVT eligibility. In the PSC, CT and CTA are performed, and the images are 
sent to a CSC via intranet. Patients’ eligibility for EVT is then discussed between the stroke teams at 
the CSC and the PSC. Generally, the person who interprets the images during a telestroke session is 
a neuroradiologist located at the CSC. 

Currently, there are on average 184 and 67 cases per month that use Telehealth in general in the 
north and south regions of the province, respectively (J Montpetit, Alberta Health Services, personal 
communication, 2016); from these, approximately 15 to 20 cases per month in Edmonton are 
interpreted with the help of telestroke services specifically to determine EVT eligibility, and 
approximately 8 to 10 cases in Calgary (EAG, personal communication, 2016).  

Telehealth is not specific to EVT and is shared by several medical areas (for example, emergency, 
rehabilitation, and stroke), and physicians participating in the interpretation of images and 
determining eligibility for EVT work on an on-call basis. In Edmonton, neurologists participating in 
telestroke are commonly paid based on a fee-for service model, and a few are paid by the Alternative 
Relationship Plan. Physicians who are paid by the Alternative Relationship Plan would not be highly 
affected by the increase of calls; however, neurologists paid by the fee-for-service model have raised 
concerns about an increased number of calls for determining EVT eligibility. In Calgary, most of the 
physicians are under the Alternative Relationship Plan, and thus they do not anticipate any issues in 
this respect, especially because the number of calls are already less than in Edmonton (EAG, 
personal communication, 2017).  

Key informants also highlighted that there are some issues with the current technology and software, 
which can limit timely access to EVT in some areas such as the North Region (EAG, personal 
communication, 2017). The acquisition of updated equipment and software would be desirable. 

2.6.4. tPA 
Intravenous thrombolytic treatment with tPA is routinely applied to all eligible patients in Alberta. 
All PSCs and CSCs are equipped to provide this treatment. For a single patient, IV tPA 
administration requires one vial of tPA (100 mg, at $2,700 per vial in Canada), a neurologist consult 
to administer the tPA, and consumable resources such as IV tubing and an IV pump.31 

2.6.5. EVT 
Before performing EVT, it is necessary that the stroke team ensure a patient’s eligibility for the 
procedure. If the CT/CTA images were done at the PSC and the time between the PSC and the 
CSC is longer than 30 minutes, new images need to be taken since CT scans have a shelf-life of 
approximately 30 minutes (EAG, personal communication, 2016). A neuroradiologist will interpret 
the images in the CSC for all potential EVT cases (EAG, personal communication, 2017). 

EVT needs several human and material resources. First, the angiography suite including imaging 
technology should be ready to monitor the procedure. Currently, in Calgary and Edmonton, there is 
one main angiography suite in each site; Edmonton recently implemented a second suite and, in 
Calgary, there are two back-up suites for when the main suite is occupied (EAG, personal 
communication, 2017). It is anticipated that the number of angiography suites in Edmonton will 
cover the demand there (EAG, personal communication, 2017). However, concerns regarding the 
number of suites in Calgary have been raised. The last of the three suites at the Foothills Medical 
Centre was added in 1997 and no investment in equipment has since been performed. The number 
of cases in Calgary requiring use of the angiography suites (both neurological and non-neurological 
cases), however, has markedly increased since that time; in 2016 alone, 311 interventional 
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neuroradiology cases were performed, including 130 endovascular stroke treatments. This volume of 
cases has already put incredible strain on the Calgary angiography suites, angiography staff, and the 
radiology department as a whole. Over the past 10 months, department data collected shows that at 
least one inpatient per day is being carried over on 78% of days, purely due to angiography suite 
capacity issues (EAG, personal communication, 2017). Endovascular stroke procedures at the 
Foothills Medical Centre, which serves all of southern Alberta, will continue to increase, as will 
demand for non-neurological procedures. As rapid access to an angiography suite is required, 
another suite with appropriate staffing is required, both for successful EVT treatment of acute 
stroke, and to avoid/minimize disruption of other services provided at the centre (EAG, personal 
communication, 2017). 

At least five providers need to be present in the angiography suite to be able to carry out EVT, split 
into two teams:  

• Angiography team (deals with the EVT procedure) 
o a neurointerventionalist (physician) – either a neurosurgeon or a neuroradiologist, to 

perform the EVT procedure 
o a Registered Nurse (RN) – angiography scrub/diagnostic imaging technical nurse, to 

manage the angiography suite 
o a RN/Licensed Practical Nurse – angiography rotating nurse, responsible for all the 

diagnostic imaging materials and the technical management of the imaging modality 
and angiogram 

• Medical team (handles the patient, including conscious sedation, blood pressure 
management, fluids, and tPA infusion, if necessary) 

o a neurologist or anaesthetist (physician) – to manage the patient 
o an additional RN –to help manage the patient (for example, drugs, monitoring, and 

managing infusion).  

EVT procedures are presently carried out in Alberta with the existing human resources using on-call 
basis coverage, particularly for nurses working in the angiography team (who also work in another 
capacity within their hospital). In Calgary, five physicians are trained to perform EVT procedures; in 
Edmonton, there are nine specialists, and two more who are able to perform the procedure but have 
not been needed with the current demand (EAG, personal communication, 2017). In terms of 
nursing support, in Calgary, there are approximately eight rotating nurses covering EVT and other 
related procedures. In addition, a nurse who works regularly in the neurology observation unit assists 
patients when an EVT case is admitted to the hospital; this nurse cares for the patient during the 
EVT procedure, as well as afterward. This means that this nurse leaves the neurology unit in order 
to help with the EVT procedure, generating some strain in the unit. In order to have full coverage of 
the neurology unit and EVT procedures, 2.8 full-time equivalent (FTE) nurses are needed (EAG, 
personal communication, 2017). 

In Edmonton, until recently there were no rotating nurses to absorb any additional demand, and a 
nurse from the emergency department would help with the EVT procedures as needed (EAG, 
personal communication, 2016). A second nurse and an angiography technologist have just recently 
been hired to support the angiography team at the University of Alberta Hospital on an on-call 
basis, meaning there are now two nurses and two technologists on call for EVT procedures after 
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hours (EAG, personal communication, 2017). However, there is still a shortage of care nurses for 
the medical team. A business plan has been put forward at the University of Alberta Hospital to 
request either 4.2 FTE RNs to manage the critical care needs of EVT patients as well as other 
procedures (in the emergency department, neurology unit, ICU, etc.), or 2.1 FTE RNs to manage 
the critical care needs of EVT patients plus call back (that is, support personnel hired on an on-call 
basis, for when an EVT case is admitted after hours). In Calgary, the number of after-hours cases 
(both neurological and non-neurological), has dramatically increased, putting major strain on the 
single on-call team at the Foothills Medical Centre, which consists of two on-call physicians, one 
nurse, and one technologist; a second nurse and technologist would be required to meet additional 
demand (EAG, personal communication, 2017). 

Training of providers for the angiography suite is both formal and informal, cross-disciplinary, and 
typically involves hands-on or apprenticeship-style mentorship. Most health professionals working 
in the angiography suite learn the skills from other areas that require similar skills, such as treating 
aneurisms and neurological tumors, and their knowledge is built through time and experience. Any 
formal training generally takes about half a day, such as training to obtain the technical knowledge to 
use specific catheters. In general, previous knowledge and skills are used in the angiography suite, 
and training from scratch is not typically necessary due to clinical practice. 

Neurosurgeons in Alberta are paid by the Alternative Relationship Plan, while neuroradiologists are 
paid based on fee-for-service. Most of the time (80%), EVT procedures are done by 
neuroradiologists; the fee-for-service model to pay for EVT procedures, however, is not favourable 
for neuroradiologists (EAG, personal communication, 2017). 

2.6.6. Hospital Admission 
Patients at either PSCs or CSCs are admitted and treated in a stroke unit or defined area by an 
interdisciplinary team specialized in treating stroke patients until the patient’s condition improves.91 
At the present time, admission services at the University of Alberta Hospital is working at 104% of 
its capacity, and thus there are concerns regarding their ability to adapt to an increased number of 
EVT cases (EAG, personal communication, 2017). In 2015/16, about 2,512 stroke cases were seen 
at the University of Alberta Hospital, and about 47% (1,175) were admitted. Over the past five 
years, the number of admissions to the University of Alberta Hospital has increased by 
approximately 2,500 admissions per year, involving a large proportion of older adults (over 65 years 
old). The University of Alberta Hospital bed base is currently static, with no plans to expand before 
at least 2030. This is a concern from the perspective of institutional capacity as a whole, especially 
for conditions that are more prevalent in seniors such as stroke, further emphasizing the need for 
clear plans around repatriation or re-direction of patients who do not require the services of the 
University of Alberta Hospital to alternate sites. These strategies need to be well planned to 
decreased burden to the hospital admission as well as the emergency department (EAG, personal 
communication, 2017). 

In Edmonton, there are about 87 beds for neurology cases, and all of these are currently occupied; 
patients wait in the emergency department until a bed is available. According to a small (n=126) 
subset of patients with stroke at the University of Alberta Hospital, the average waiting time in the 
emergency department for people to be admitted is about 270 minutes. Furthermore, 20 to 25% of 
the patients who need beds in neurology units are referred and distributed to other units. It is 
estimated that there will be one additional EVT case per week if EVT is implemented province-wide 
(about 50 more patients a year), and one additional patient transported per day to the University of 
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Alberta Hospital for EVT screening (EAG, personal communication, 2017). Therefore, without 
mitigating strategies in place, there will be more capacity issues with additional EVT patients. One 
such strategy that has been planned is to redirect patients with a LAMS score under 4 within the 
window for treatment to the Grey Nuns Community Hospital, thus reducing the number of 
admissions to the University of Alberta Hospital (EAG, personal communication, 2017). As 
mentioned above, in order for this strategy to work and improve patients flow, coordination within 
the health system is necessary. This is a system capacity issue, and thus needs to be discussed at a 
system level. If strategies for redirecting patients to other hospitals do not work, an increased 
number of inpatient beds and personnel (which is not a realistic possibility) would be needed to 
cover additional EVT cases. 

In Calgary, although all beds in the neurology unit are occupied and they are at 100% or more of 
their capacity, there are protocols and processes in place to be able to absorb the demand of new 
EVT patients. It is anticipated that, even though the volume of patients will increase, patients treated 
with EVT will get better sooner and they will thus free up in-hospital beds quickly due to the shorter 
length of stay (EAG, personal communication, 2017). 

After discharge, patients may be transported back to their local hospitals through RAAPID, if they 
are not local. For outpatient rehabilitation, patients do that within their town, depending on 
availability. The decision to transfer patients between centres is based on the availability of clinical 
supports as well as available bed capacity.  

There are waitlists for people to be transferred from the hospital (acute/subacute care) to long-term 
care or different options of supportive living. Currently, according to data from April 2013 to 
August 2016, there are on average 249 patients (total, not only stroke patients) in acute/subacute 
care per month waiting to be transferred to either long-term care or supportive living (649, 240, 90, 
199, and 69 patients in the South, Calgary, Central, Edmonton, and North zones, respectively).145 
The average wait time for patients to be transferred from acute/subacute to long-term care is about 
55, 39, 27, 18, and 53 days for the South, Calgary, Central, Edmonton, and North zones, 
respectively; the average wait time for patients to be transferred from acute/subacute care to 
different options of supportive living is about 55, 68, 70, 79, and 62 days for the South, Calgary, 
Central, Edmonton, and North zones, respectively.145 Thus, capacity issues are anticipated for 
hospital admission at several hospitals throughout the province, post-EVT. Strategies are being 
created such as early repatriation, so that patients not requiring the services of the University of 
Alberta Hospital specifically can be moved to another hospital within one to two days after the EVT 
procedure (EAG, personal communication, 2017). However, since capacity issues occur in hospitals 
throughout the province for other reasons, early repatriation for EVT patients could be a challenge, 
and there could be a system-wide capacity issue (EAG, personal communication, 2017).  

2.6.7. Early Supported Discharge and Rehabilitation 
As mentioned above, patients with stroke can be discharged to either home following the Early 
Supported Discharge program, or inpatient rehabilitation. The criteria for determining discharge 
type is based on the mRS:94 

• Home-mRS1: discharged straight home (these patients are mildly affected from the onset), 
some received EVT 

• Home-mRS2: discharged, with home care 
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• Home-mRS3: discharged with Early Supported Discharge (approximately 10% of all stroke 
discharges; these patients still require rehabilitation – patients who exhibit adequately mild 
disability and have a supportive living environment will receive treatment at home 

Approximately 13 to 20% of stroke patients who are severely affected are able to be admitted to 
dedicated rehabilitation hospitals on discharge from acute care. In Edmonton, patients receive 
inpatient rehabilitation at the Glenrose Hospital, and in Calgary at Unit 58 of the Foothills Medical 
Centre or the Carewest Dr. Vernon Fanning Centre (EAG, personal communication, 2016). There 
are only 32 rehabilitation beds in the Glenrose Hospital, which serves approximately 250 patients 
per year; in Calgary, there are about 64 rehabilitation beds (49 in the Fanning Centre and 15 in Unit 
58) that have served approximately 162 patients from October 2015 to March 2016 (S Arnott, 
Alberta Health Services, personal communication, 2017). Currently, patients wait at least 25 days to 
be admitted to inpatient rehabilitation hospitals in Edmonton. A shorter waiting time occurs in 
Calgary (only 9 days in the Fanning Centre and 13 in Unit 58). Patients wait in the stroke facilities at 
the University of Alberta Hospital, Grey Nuns Community Hospital, Royal Alexandra Hospital, 
Misericordia Community Hospital, and other smaller hospitals around Edmonton or Calgary; when 
patients are from rural communities, they are sometimes repatriated to their local communities to 
wait for a bed in the Glenrose Hospital. Inpatient rehabilitation is supported for four to eight weeks; 
if patients require additional rehabilitation, they might go to the Halvar Jonson Centre for Brain 
Injury Inpatient Rehabilitation program at the Ponoka Hospital for six to nine months (based on 
progress). If no improvement has occurred after receiving inpatient rehabilitation and the chances of 
doing well are low, patients in this category are moved to long-term care. 

It is expected that an increase in the number of EVT patients requiring inpatient rehabilitation will 
increase by approximately 30% with province-wide implementation (EAG, personal 
communication, 2016). It is anticipated that the wait time for inpatient rehabilitation will potentially 
increase with an increase of EVT cases, that the increase of EVT cases will affect the existing 
capacity issues in the rehabilitation hospitals, and that there will be a potential increase in demand on 
rehabilitation resources (EAG, personal communication, 2017). However, it is unknown how many 
more beds or staff would be needed to absorb the demands of additional EVT patients; ideally, both 
resources would be required. 

There are three outpatient rehabilitation programs in Alberta: home care via the Early Supported 
Discharge program, serving approximately 120 patients per year; the Specialized Rehabilitation 
Outpatient Program (SROP) at the Glenrose Hospital, serving approximately 130 patients per year; 
and the CAR program in Calgary, serving approximately 700 stroke patients per year (EAG, 
personal communication, 2017). About 20 to 25% of stroke patients receive care via the Early 
Supported Discharge program. The program is offered in Edmonton, Calgary, Red Deer, Grande 
Prairie, Medicine Hat, Camrose, and Lethbridge, with an average of 49 patients seen per year at each 
site (EAG, personal communication, 2017). While the severity of post-stroke disability and thus the 
use of long-term care is expected to be reduced with province-wide implementation of EVT, an 
increase in the use of the Early Supported Discharge program is expected. The Early Supported 
Discharge teams are already at capacity, and thus it is anticipated that province-wide EVT 
implementation will increase these capacity issues. And if there are not available resources for a 
post-EVT patient to use the program, this could then result in hospital beds being occupied by 
patients who could in fact be treated at home. However, it is unknown what additional resources 
would be required for these programs to absorb the demands of additional EVT patients (EAG, 
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personal communication, 2017). This system capacity issue should be discussed with several entities 
to arrive at the best solution. 

Regarding the outpatient CAR program in Calgary, once a patient is assessed by a CAR clinician, 
internal referrals to applicable disciplines are generated. The main challenges of the CAR program 
include access to psychological services and the ability to transition patients to other services in the 
community (for example, mental health services and maintenance exercise programs). Also, when 
multiple services are required, delays can occur for the patient in accessing all required disciplines, 
due to both staffing and patient availability. Wait times from the time the referral is received at CAR 
to the first appointment range from 14 days to over 12 weeks, depending on the patient’s need, with 
a target of 14 to 30 days for high priority patients and 4 to 12 weeks for routine referrals. Priority is 
given to patients who have been discharged from acute/tertiary rehabilitation to facilitate hospital 
bed over-capacity management, or to those patients requiring more intense or timely intervention 
with a single service (speech or physical therapy). There are six spots (two per site) per week set 
aside for patients with stroke to facilitate more urgent referrals (that is, a wait time of 14 days or 
less); these patients are discussed between the stroke coordinator at the Foothills Medical Centre and 
the CAR neurological triage coordinator. All internal referrals are triaged in a centralized intake, 
which offers patients the first available appointment at any of the three sites (patients often prefer to 
wait longer to access the location closest to home). It is anticipated that CAR wait times will increase 
with the implementation of EVT province-wide, since at this point there are no plans (or budget) to 
expand the program. If the program is required to meet demands and continue to provide the same 
intensity of care, more staff will be needed (T Hufkens, Alberta Health Services, personal 
communication, 2017). 

There are no anticipated training issues regarding outpatient rehabilitation for additional EVT 
patients. 

2.6.8. Reintegration 
From the health system perspective, it is important to assess whether a patient can reintegrate in the 
community within their own dwelling after leaving the hospital. Functional supports may be needed, 
such as adult day programs, chronic disease management programs, community support programs, 
stroke prevention/risk reduction clinics, and recreational and fitness facilities.  

It is expected that EVT will improve patients’ functioning, and thus province-wide implementation 
of the therapy would probably make reintegration easier, overall. No anticipated issues regarding 
capacity are foreseen for the current functional support programs. However, concerns have been 
raised regarding short-term equipment loans to patients to facilitate independent management in 
their own homes. This health equipment (such as toilet seats, commodes, wheelchairs, and walkers) 
allows for safe discharge from acute care or permits patients to stay at home, thus avoiding an 
admission. Alberta Health Services has contracted the Canadian Red Cross to provide short-term 
equipment loans in Edmonton, Calgary, and Red Deer.; however, no contract is in place in the 
North zone, and some communities have a Red Cross program that is not funded through Alberta 
Health Services (for example, Grande Prairie). This generates a fundamental inequity between the 
North zone and more urban sites. None of the loan pools in the North zone have dedicated Alberta 
Health Services funding allocated, and these communities generally rely on donated equipment to 
ensure sustainability. In order to meet standards, some sites are ceasing loaning equipment and 
instead direct patients to purchase equipment from local or urban vendors. This issue has the 
potential to cause delay of acute discharges and thus overcrowding of inpatient hospitals, as well as 
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limitation of fast reintegration of patients into their homes and community. A province-wide, 
Alberta Health Services equipment management strategy is required (EAG, personal 
communication, 2017). 

There are waitlists for people to be transferred from the community (home) to long-term care or 
different options of supportive living. Currently, according to data from April 2013 to August 2016, 
there are on average 293 patients in the community per month waiting to be transferred to either 
long-term care or supportive living (770, 328, 128, 156, and 82 patients in the South, Calgary, 
Central, Edmonton, and North zones, respectively).145 With the implementation of EVT, it is 
expected that the severity of post-stroke disability will be reduced, and thus the use long-term care 
will be reduced; based on the expected volume of EVT, it is not anticipated that there will be 
capacity issues regarding long-term care or supportive living (D Katz, Alberta Health Services, 
personal communication, 2016). 

TABLE S.7: Resources necessary for implementing EVT, by care pathway stage 

Current resource needs Capacity issues Training issues Additional 
resource needs 

EMS 
o Over 370,000 events each year, involving more than 500 ambulance vehicles and 3,000 EMS practitioners 
o Ground ambulance services are availab le 24/7, all year 
o In 2014-16, EMS responded to 12,234 and 333,474 emergency events for rural and metro areas, respectively 
o Average number of emergency events per month for rural and urban areas is 87.6 and 969.5, respectively  
o Edmonton and Calgary have the highest number of emergency events in the province 

• Ground – paramedics (2/team) 
• STARS – 2 pilots, 1 RN, 1 

paramedic 
• Fixed-wing air ambulance – 2 

pilots, 2 paramedics or 1 EMT, 
and 1 paramedic 

• Dispatch and STARS 
Emergency Link Centre 
service (i.e., 4-way 
communication involves EMS 
practitioner, stroke 
neurologist, transport 
physician, RAAPID) 

• RAAPID for communications 
link 

No capacity issues for EMS 
ground, fixed-wing air 
ambulances, or STARS to 
absorb the EVT demand 

No training issues are 
foreseen; all required 
protocols are being 
developed and piloted, 
and will be implemented 
in the near future 
without affecting the 
system 

No additional needs 
required 

Emergency department 
o Calgary and Edmonton have the highest number of emergency visits (>10,000 visits/month) 
o Median stay of 9.7 hours or 3.2 hours if admitted to a hospital or discharged home, respectively 
o First contact to a physician assessment on average 2.33 hours at the U of A Hospital 
o U of A Hospital, Foothills Medical Centre, and Red Deer Hospital present the greatest number of beds b locked 

by emergency inpatients 

• Emergency physician consult 
• Emergency hospital visit 

(includes nursing, facility 
costs) 

• Emergency departments 
are working at 150-180% 
of their capacity, 
regardless of the 
presenting conditions; 
capacity issues need to 
be discussed from a 
system perspective 

• In Edmonton, pre-
hospital algorithms 
are being created to 
reduce the load at the 
U of A Hospital; in 
order to implement 
this, EMS personnel 
will be trained for at 

In Edmonton, a 
business plan is 
being put forward to 
hire a nurse 
(neurology/ICU 
nurse) who will help 
to reduce the burden 
on emergency 
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Current resource needs Capacity issues Training issues Additional 
resource needs 

• In Edmonton, there was 
previously inadequate 
nursing support for EVT 
procedures at the U of A 
Hospital, meaning a 
nurse would be taken 
from the emergency 
department when 
needed, potentially 
putting strain on the 
emergency department 

least 3 months (in-
kind contribution from 
the EMS program) 

• Education in rural 
communities 
regarding protocols 
and how to use LAMS 
are needed to reduce 
door-to-needle times 
and reduce the 
burden of EVT cases 
for rural emergency 
departments 

department nurses 
at the U of A 
Hospital 

Diagnostic imaging 
o Of15 PCSs and 2 CSCs, all except one have the capability to perform both CTs and CTAs (Wainwright PCS 

does not currently have CTA) 
o CTA availab ility is not 24/7 in all PSCs 
o In Camrose and Medicine Hat, some scanners are old and therefore less efficient 
o CTA requires qualified personnel, and there are not enough trained technologists in Alberta 
o When there are not availab le specialists, the emergency department physician looks at the images, or 

telestroke is used 

• CT 
• CTA head scan 
• Radiologist 
• CT technologist 

AHS diagnostic imaging 
services have the capacity 
to respond to the expected 
volume of EVT; however, 
they need to expand in 
some places where they do 
not have 24/7 availability of 
a neurologist/radiologist to 
interpret the images 

• Professionals need to 
be trained to satisfy 
demand 

• Training takes 
approximately 6-8 
weeks, and is done 
on-site with a hands-
on approach 

• Personnel need to 
physically be at either 
the U of A Hospital or 
Foothills Medical 
Centre for at least 2 
weeks to be able to 
perform the 
procedures 
repeatedly 

• Increase funding 
for staff training, 
staff costing, 
operational costs, 
and 
interpretational 
costs 

• Anticipate that 
minimum 30 
technologists need 
to be trained 

• Several costs 
need to be taken 
into consideration 
for on-site training: 
travel costs, 
accommodation, 
AHS per diem, 
plus replacement 
costs to pay 
personnel to cover 
the person in 
training 

Telehealth 
o When transported to a PSC (drip-and-ship method), patients are evaluated there for EVT eligib ility 
o Approximately 8-10 and 15-20 cases/month are interpreted with the help of telestroke in Calgary and 

Edmonton, respectively, to determine EVT eligib ility  
• Neurologist consult 
• RAAPID for communications 

link 
• Telestroke capability  
• Central infrastructure (e.g., 

• No capacity issues are 
expected; however, there 
are some issues with the 
current technology and 
software, which can limit 
the timely access to EVT 

No training issues are 
foreseen 

Solution unknown (a 
combination of 
equipment, software, 
and troubleshooting 
may be needed)  
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Current resource needs Capacity issues Training issues Additional 
resource needs 

Supernet) to allow transfer of 
images 

• Software at the receiving end 
to see and review images  

in some areas (e.g., 
North Region) 

• Neurologists paid by the 
fee-for-service model 
have raised concerns 
about the increased 
number of calls involved 
to determine EVT 
eligibility 

tPA 
o Intravenous thrombolytic treatment with IV tPA is routinely applied to all eligib le patients in Alberta 
o All PSCs and CSCs are equipped to provide this treatment 

• 1 vial is 100mg, $2,700 
• IV tubing, IV pump, etc. 
• Neurologist consult to 

administer tPA 

No capacity issues are 
expected 

No training issues are 
foreseen 

No additional needs 
are required 

EVT 
o In Calgary and Edmonton, there is one main angiography suite each, with one (Edmonton) or two (Calgary) 

additional suites for back-up when the main suite is occupied 
o Currently, EVT procedures are carried out with the existing human resources on an on-call basis coverage; 

nurses who have the expertise for the angiography suite also work in another capacity within the hospital 
o In Calgary, there are approximately 8 rotating nurses covering EVT (and other related procedures) 
o In Edmonton, previously one nurse from the emergency department covered EVT procedures as needed; 

recently, a second nurse and an angiography technologist were hired to support EVT procedures on an on-call 
basis  

Angiography suite including 
imaging technology (biplane 
angio) 

• It is anticipated that the 
number of angiography 
suites in Edmonton will 
cover demand 

• Calgary has 3 suites that 
are working at capacity; 
the equipment has not 
been renewed for at least 
20 years 

No training issues are 
foreseen 

In Calgary, another 
angiography suite 
with appropriate 
staffing is required 

Angiography team: 
• Neurointerventionalist 

(physician) – currently either a 
neurosurgeon or 
neuroradiologist 

• RN – angiography scrub 
nurse/DI technical nurse who 
can manage the angiography 
suite 

• RN/LPN – angiography 
rotating nurse for room and DI 
tech management of the 
imaging modality 

Medical team: 
• Neurologist OR anaesthetist – 

to manage the patient 
• RN – to manage the patient 

• There are sufficient 
neurointerventionalists to 
perform EVT procedures 
(9 in Edmonton, 5 in 
Calgary) 

• There is a shortage of 
both angiography nurses 
and nurses for the 
medical team in the 
angiography suite 

• In Edmonton, with 2 
nurses and 2 
technologists now on call 
after hours, no further 
issues are anticipated for 
the EVT procedure itself; 
however, there is still a 
shortage of care nurses 

No training issues are 
foreseen 

In Edmonton, there 
are two options, 
either:  
a) Increase of 4.2 

FTE RNs to 
manage critical 
care needs of EVT 
and other patients  

OR 
b) Increase of 2.1 

FTE RNs to 
manage critical 
care needs of EVT 
patients, plus call 
back 

In Calgary: 
• It would be ideal to 

increase 2.8 FTE 
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Current resource needs Capacity issues Training issues Additional 
resource needs 

• Device and materials  • Calgary has only one on-
call team for both 
neurological and non-
neurological interventions 
after hours 

• In Calgary, a nurse from 
the neurology unit assists 
with patient care during 
an EVT procedure; this 
model has functioned 
very well to keep the 
continuity of care of the 
patients. However, this 
nurse leaves the 
neurology unit in order to 
help with the EVT 
procedure, generating 
some strain in the unit. 

of nurses to have 
full coverage for 
the neurology unit 
and EVT 

• In addition, 
another nurse and 
tech on call would 
be required 

Hospital admission 
o Patients at either PSCs or CSCs will be admitted and treated in a stroke unit or defined area by an 

interdisciplinary team specialized in treating stroke patients91 until their condition improves 
o After discharge, patients may be transported back to their local hospitals through RAAPID, if they are not local  
o Transfer between centres based on the availab ility of clinical supports as well as availab le bed capacity 

• Hospital bed for stroke 
(includes nursing, etc.) 

• Neurologist subsequent visit 
(after consult for initial 
treatment) 

• Neurologist discharge visit 

• In Edmonton, hospital 
admission services at the 
U of A Hospital is at 
104% of its capacity, 
regardless of the 
presenting conditions; 
capacity issues need to 
be discussed from a 
system perspective 

• Strategies are being 
created so that patients 
not requiring the services 
of the U of A Hospital can 
be redirected/moved to 
another hospital within 1-
2 days 

• In Calgary, although all 
the beds in the neurology 
unit are occupied and 
they are at 100% or more 
of their capacity, they 
have protocols and 
processes in place to be 
able to absorb the 
demand of new EVT 
patients  

In Edmonton, to 
implement the pre-
hospital algorithm 
strategy to redirect 
patients to other 
hospitals, EMS 
personnel will be trained 
for at least 3 months (in-
kind contribution from 
the EMS program) 

In Edmonton, if the 
strategies for 
redirecting patients 
to other hospitals do 
not work, an 
increase in inpatient 
beds and personnel 
would be needed 
(not a realistic 
possibility) 
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Current resource needs Capacity issues Training issues Additional 
resource needs 

Rehabilitation 
o About 20-25% patients with stroke are safe to go home and receive rehabilitation in their homes (via ESD); 

approximately 13-20% of stroke patients who are severely affected are admitted to dedicated rehabilitation 
hospitals 

o ESD is provided in in Edmonton, Calgary, Red Deer, Grande Prairie, Medicine Hat, Camrose, and Lethbridge; 
on average, 49 patients per site receive ESD in a year (2015/16) 

o There are 32 rehabilitation beds in the Glenrose Hospital in Edmonton, serving approximately 250 patients per 
year; in Calgary, there are about 64 rehabilitation beds total (Foothills Medical Centre and Carewest Dr. 
Vernon Fanning Centre) that have served approximately 162 patients from October 2015 to March 2016 

ESD program (home rehab), 
including clinical lead, clerk, 
occupational therapists, physical 
therapists, recreation therapists, 
RNs, social workers, speech-
language pathologists, therapy 
assistants 

• In Edmonton, this 
program is already at 
capacity. If the EVT 
volume increases, the 
capacity issues will 
increase; as patients 
treated with EVT have 
better functioning, the 
demand for ESD as 
opposed to long-term 
care is expected to 
increase 

• If ESD programs are at 
capacity, more hospital 
beds will be occupied by 
patients who do not 
necessarily need them 

No training issues are 
foreseen 

It is unknown how 
many more ESD 
teams are required 
to absorb the 
demands of new 
EVT patients; this 
system capacity 
issue must be 
discussed with 
several entities to 
arrive at the best 
strategy 

• Inpatient rehabilitation 
(physical therapists, 
occupational therapists, 
speech-language pathologists) 

• Outpatient rehabilitation 
(physical therapists, 
occupational therapists, 
speech-language pathologists) 

• Neurological rehabilitation 

• Currently, patients wait at 
least 9 to 25 days to be 
admitted to an inpatient 
rehabilitation hospital 
(Calgary and Edmonton, 
respectively) 

• The rehabilitation teams 
are currently at capacity, 
and it is anticipated that 
the EVT procedure will 
generate capacity issues 
at this level; an increase 
of approximately 30% for 
inpatient rehabilitation is 
expected 

No training issues are 
foreseen 

It is unknown how 
many more beds or 
personnel are 
required to absorb 
the demands of new 
EVT patients. This 
system capacity 
issue has to be 
discussed with 
several entities to 
arrive at the best 
strategy 
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Current resource needs Capacity issues Training issues Additional 
resource needs 

Reintegration 
o Reintegration programs such as adult day programs, CDM programs, community support programs, stroke 

prevention/risk reduction clinics, recreational, and fitness facilities are offered 
o An average of 293 patients per month are waiting in the community to be transferred to either long-term care or 

supportive living 

• Family physician visit 
• Stroke neurologist follow-up 

visit 
• Chronic disease program 
• Adult day program 
• Prevention/risk reduction clinic 
• Home care (private or public) 
• Supportive living/long-term 

care 
• Devices (walker/cane/ 

orthopedic shoes/foot 
brace/wheelchair ramp/stair 
lift/hand rails) 

• No anticipated issues 
regarding capacity are 
foreseen for the current 
functional support 
programs 

• Concerns have been 
raised regarding short-
term equipment loans for 
facilitating independent 
management for patients 
in the North zone of the 
province; this issue could 
cause delay of acute 
discharges, overcrowding 
of inpatient hospitals, and 
limitation of fast 
reintegration 

No training issues are 
foreseen 

A provincial, AHS 
equipment 
management 
strategy is required  

Information via EAG, personal communication, 2016 and 2017 
CSC: comprehensive stroke centre; CT: computed tomography; CTA: CT angiography; DI: diagnostic imaging; EMS: 
Emergency Medical Services; EMT: emergency medical technician; ESD: Early Supported Discharge; EVT: 
endovascular therapy; FTE: full-time equivalent; ICU: intensive care unit; LAMS: Los Angeles Motor Scale; 
PSC: primary stroke centre; RAAPID: Referral, Access, Advice, Placement & Destination; RN: registered nurse; 
STARS: Shock Trauma Air Rescue Society; tPA: tissue plasminogen activator; U of A: University of Alberta 
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Appendix S.A: Literature Search Summary 
The literature search was conducted by IHE Research Librarians for publications published between 
2004 and 2016. The search was further limited to human studies. Language was restricted to English. 
Animal studies were excluded. In addition to the strategy outlined below, reference lists of retrieved 
articles were reviewed for potential studies. 

TABLE S.A.1: Literature search summary 

Database 
Edition or 

date 
searched 

Search Terms†† 

Core Databases 

Ovid MEDLINE In-
Process & Other Non-
Indexed Citations, 
Ovid MEDLINE Daily 
and Ovid MEDLINE 
1946 to Present 

20 May 2016 
2,752 

results 

1. exp Brain Ischemia/ 
2. ((isch?emi* adj3 (stroke* or apoplex* or cerebr* or brain or 
encephalopath* or neur* or CVA)) or AIS).mp. 
3. exp Stroke/ 
4. (stroke* adj3 (acute or cerebr* or attack* or accident* or lacunar or 
cardioembol*)).mp. 
5. Intracranial Arteriosclerosis/ 
6. brain embolism/ 
7. Carotid Artery Thrombosis/ 
8. ((occlus* or hypoxi* or block* or infarct* or clot* or termination) adj6 
(carotid or cerebr* or MCA or ACA)).mp. 
9. transient isch?emi* attack.mp. 
10. carotid artery thrombosis.mp. 
11. or/1-10 
12. Mortality/ or morbidity/ or mortality.ti. 
13. (incidence or prevalence or epidemiolog* or burden).ti. 
14. incidence/ or prevalence/ 
15. age of onset/ or demography/ or age distribution/ or sex distribution/ or 
sex factors/ or age factors/ or age.ti. or gender.ti. or sex.ti. 
16. exp population groups/ or exp american native continental ancestry 
group/ or exp ethnic groups/ 
17. "emigration and immigration"/ or Minority Groups/ or culture/ or 
cultural characteristics/ 
18. census/ or population surveillance/ or sentinel surveillance/ or 
population dynamics/ 
19. epidemiologic methods/ 
20. epidemiologic factors/ 
21. (aboriginal* or first nation* or native* or ethnic* or cultur* or minorit*).ti. 
22. "confounding factors (epidemiology)"/ 
23. management.ti. 
24. standard of care.ti. 
25. practice guideline/ 
26. (guideline* or best practice*).ti. 
27. "Quality of Life"/ 
28. Quality-Adjusted Life Years/ 
29. (quality of life or well-being or wellbeing or qol or hrqol or hrql or 

Endovascular therapy for acute ischemic stroke  58 



 

Database 
Edition or 

date 
searched 

Search Terms†† 

quality adjusted life year* or QALY or self-rated health).ti,ab. 
30. disease progression/ 
31. burden*.ti. 
32. exp social environment/ 
33. (Sociodemographic* or socio-demographic* or social demographic* or 
"social and demographic").tw. 
34. (socioeconomic or socio-economic or (social and economic)).ti. 
35. (income or salar* or earning* or education*).ti. 
36. ((individual or personal or out of pocket) adj4 (expense* or cost* or 
economic)).ti,ab. 
37. work/ or unemployment/ 
38. (employment or earning* or workplace or productivity).tw. 
39. work.ti. 
40. exp exercise/ or exp motor activity/ or movement/ or physical exertion/ 
or physical fitness/ 
41. exp "Activities of Daily Living"/ 
42. travel/ 
43. (psychological or psychosocial or emotional).ti. 
44. Mental Health/ or depression/ or depressive disorder/ or depressive 
disorder, major/ or anxiety disorder/ or stress, psychological/ or fear/ 
45. exp *"Patient Acceptance of Health Care"/ 
46. (adherence or compliance or acceptability or dropout* or drop out* or 
noncompliance or acceptable or satisfaction or attrition or participation or 
nonrespondents or motivation or attendance or preference* or enrol?ment 
or incentive*).ti. 
47. *"Health Services Needs and Demand"/ 
48. *waiting lists/ 
49. demand.mp. or wait*.ti.  
50. ut.fs. 
51. utili?ation.ti. 
52. (linguistic or economic or social or policy or financial or lifestyle).ti. 
53. (barrier* or disparit* or inequalit* or regulat*).ti. 
54. (rural or geographical).ti. 
55. "quality of health care"/ or guideline adherence/ or program 
evaluation/ or quality assurance, health care/ 
56. patient reported outcomes.tw. 
57. (quality not (quality of life or diet* quality)).ti. 
58. (barrier* adj3 (implement* or treat* or therapy*)).ti. 
59. health services accessibility/ 
60. (access not access-port).ti. 
61. attitude to health/ 
62. attitude of health personnel/ 
63. health knowledge, attitudes, practice/ 
64. (perception* or perceived or knowledge or belief* or attitude* or 
perspective* or awareness or views).ti. 
65. ethics/ or bioethical issues/ or bioethics/ or "codes of ethics"/ or 

Endovascular therapy for acute ischemic stroke  59 



 

Database 
Edition or 

date 
searched 

Search Terms†† 

complicity/ or "conflict of interest"/ or ethical analysis/ or ethical relativism/ 
or "ethical review"/ or ethical theory/ or ethicists/ or ethics committees/ or 
ethics, business/ or ethics, institutional/ or ethics, professional/ or ethics, 
research/ or humanism/ or morals/ or personhood/ or principle-based 
ethics/ or professional misconduct/ or philosophy/ or double effect 
principle/ 
66. hippocratic oath/ or ethical analysis/ or casuistry/ or retrospective 
moral judgment/ or wedge argument/ or ethics consultation/ or ethics 
committees, clinical/ or ethics committees, research/ or ethics, clinical/ or 
ethics, dental/ or ethics, medical/ or ethics, nursing/ or ethics, pharmacy/ 
or helsinki declaration/ or feminism/ or conscience/ or moral development/ 
or social responsibility/ or virtues/ or beneficence/ or personal autonomy/ 
or social justice/ or scientific misconduct/ 
67. exp "Treatment Refusal"/ or "Medical Futility"/ or exp "Decision 
Making"/ or exp "Risk Assessment"/ 
68. (decision* or futil* or refusal or triage or elderly).ti. 
69. Altruism/ or child advocacy/ or freedom/ or patient rights/ or 
reproductive rights/ or social justice/ or women's rights/ 
70. Healthcare Disparities/  
71. Informed Consent/ 
72. Social Values/ 
73. "Value of Life"/ 
74. (psychology or ethics).fs. 
75. Eugenics/ 
76. moral obligations/ 
77. Choice Behavior/ 
78. (ethics or ethical or bioethic* or integrity or morality or moral or morals 
or justice or freedom or norms or responsibility or prejudice or stigma or 
social acceptance or altruism or autonomy or beneficence or "non-
malfeasance" or nonmalfeasance or harm or "benefit-harm" or "burden-
benefit ratio" or "technology-driven" or technology driven or "normative 
effective" or fairness or equity or "value based" or "value judgment" or 
"legal issues" or "socio-cultural context" or "patient preference" or 
"informed choice" or "informed participation" or virtue or virtuous or 
"perceived risk" or judgement or attitudes or intention* or fear or anxiety or 
anxious).ti,ab. 
79. exp socioeconomic factors/ or exp sociology, medical/ 
80. exp Human Rights/ 
81. exp Jurisprudence/ 
82. exp Confidentiality/ 
83. exp Disclosure/ 
84. exp insurance/ 
85. exp Legislation/ 
86. exp Mandatory Programs/ 
87. exp Patient Compliance/ 
88. exp Prejudice/ 
89. exp Privacy/ or privacy.mp. 
90. exp Public Opinion/ 
91. exp Religion/ 
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Database 
Edition or 

date 
searched 

Search Terms†† 

92. (religion or religious).ti,ab. 
93. exp Self Disclosure/ 
94. exp Social Problems/ 
95. (confidential or confidentiality or coverage or ((human or patient) adj 
rights) or insurance or insure* or insuring or law or legal or legislation or 
legislative prejudice or prejudicial or public opinion*).ti,ab. 
96. (society or societal).ti. 
97. (es or lj).fs. 
98. comorbidity/ or (comorbid* or pre?existing).ti. 
99. or/12-98 
100. exp Emergency Medical Services/ 
101. exp Emergency Medical Technicians/ 
102. exp Emergency Treatment/ 
103. exp Emergency Medicine/ 
104. exp Ambulances/ 
105. exp First Aid/ 
106. exp Military Medicine/  
107. exp EMERGENCIES/ 
108. prehospital.mp. 
109. pre-hospital.mp. 
110. paramedic$.mp. 
111. (out? adj3 hospital$).mp. 
112. ambulance$.mp. 
113. ems.mp. 
114. emt.mp. 
115. (emergency adj2 service$).mp. 
116. "emergency medical service".mp. 
117. "emergency medical services".mp. 
118. (emergency adj dispatch$).mp. 
119. emergency technician$.mp. 
120. (emergency adj practitioner$).mp. 
121. (emergency adj2 despatch$).mp. 
122. (first adj responder$).mp. 
123. "public access defibrillation".mp. 
124. (emergency adj rescue$).mp. 
125. (emergency adj2 resus$).mp. 
126. "emergency triage".mp. 
127. (load adj2 go).mp. 
128. (scoop adj 2 run).mp. 
129. (field adj2 stabil$).mp. 
130. "on-scene".mp. 
131. (preclinical adj emergenc$).mp. 
132. (stay adj2 play).mp. 
133. (quick adj transport$).mp. 
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Database 
Edition or 

date 
searched 

Search Terms†† 

134. (stay adj2 treat).mp. 
135. or/100-134 
136. exp Thrombectomy/ 
137. Embolectomy/ 
138. ((Mechanical adj3 (thromb* or embol* or clot disruption* or clot 
retrieval*)) or ((clot* or thromb* or embol*) adj3 (retriev* or disruption* or 
fragmentation)) or ((stent* or stent-assisted) adj3 retriev*) or 
stentriever*).mp. 
139. ((intravenous or intra?arterial or intra arterial or endovascular) adj3 
(thromb* or interven* or therap* or treatment or embolect*)).mp. 
140. ((Merci or Trevo or Penumbra or Solitaire) adj3 (retriever* or system* 
or device*)).mp. 
141. or/136-140 
142. 11 and 99 and (135 or 141) 
143. limit 142 to (english language and yr="2004 -Current") 
144. remove duplicates from 143 

7 Jun 2016 
2,781 

results 

1. exp Brain Ischemia/ 
2. ((isch?emi* adj3 (stroke* or apoplex* or cerebr* or brain or 
encephalopath* or neur* or CVA)) or AIS).ti. 
3. exp Stroke/ 
4. (stroke* adj3 (acute or cerebr* or attack* or accident* or lacunar or 
cardioembol*)).ti. 
5. Intracranial Arteriosclerosis/ 
6. brain embolism/ 
7. Carotid Artery Thrombosis/ 
8. ((occlus* or hypoxi* or block* or infarct* or clot* or termination) adj6 
(carotid or cerebr* or MCA or ACA)). 
9. transient isch?emi* attack.ti. 
10. carotid artery thrombosis.ti. 
11. or/1-10 
12. exp Thrombectomy/ 
13. Embolectomy/ 
14. ((Mechanical adj3 (thromb* or embol* or clot disruption* or clot 
retrieval*)) or ((clot* or thromb* or embol*) adj3 (retriev* or disruption* or 
fragmentation)) or ((stent* or stent-assisted) adj3 retriev*) or 
stentriever*).mp. 
15. ((intravenous or intra?arterial or intra arterial or endovascular) adj3 
(thromb* or interven* or therap* or treatment or embolect*)).mp. 
16. ((Merci or Trevo or Penumbra or Solitaire) adj3 (retriever* or system* 
or device*)).mp. 
17. or/12-16 
18. 11 and 17 
19. Mortality/ or morbidity/ or mortality.ti. 
20. (incidence or prevalence or epidemiolog* or burden).ti. 
21. incidence/ or prevalence/ 
22. age of onset/ or demography/ or age distribution/ or sex distribution/ or 
sex factors/ or age factors/ or age.ti. or gender.ti. or sex.ti. 
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Database 
Edition or 

date 
searched 

Search Terms†† 

23. exp population groups/ or exp american native continental ancestry 
group/ or exp ethnic groups/ 
24. "emigration and immigration"/ or Minority Groups/ or culture/ or 
cultural characteristics/ 
25. census/ or population surveillance/ or sentinel surveillance/ or 
population dynamics/ 
26. epidemiologic methods/ 
27. epidemiologic factors/ 
28. (aboriginal* or first nation* or native* or ethnic* or cultur* or minorit*).ti. 
29. "confounding factors (epidemiology)"/ 
30. or/19-29 
31. management.ti. 
32. standard of care.ti. 
33. practice guideline/ 
34. (guideline* or best practice* or strateg* or policy or policies).ti. 
35. or/31-34 
36. "Quality of Life"/ 
37. Quality-Adjusted Life Years/ 
38. (quality of life or well-being or wellbeing or qol or hrqol or hrql or 
quality adjusted life year* or QALY or self-rated health).mp. 
39. disease progression/ 
40. burden*.ti. 
41. exp social environment/ 
42. (Sociodemographic* or socio-demographic* or social demographic* or 
"social and demographic").tw. 
43. (socioeconomic or socio-economic or (social and economic)).ti. 
44. (income or salar* or earning* or education*).ti. 
45. ((individual or personal or out of pocket) adj4 (expense* or cost* or 
economic)).tw. 
46. work/ or unemployment/ 
47. (employment or earning* or workplace or productivity).tw. 
48. work.ti. 
49. exp exercise/ or exp motor activity/ or movement/ or physical exertion/ 
or physical fitness/ 
50. exp "Activities of Daily Living"/ 
51. travel/ 
52. (psychological or psychosocial or emotional).ti. 
53. Mental Health/ or depression/ or depressive disorder/ or depressive 
disorder, major/ or anxiety disorder/ or stress, psychological/ or fear/ 
54. or/36-53 
55. exp *"Patient Acceptance of Health Care"/ 
56. (adherence or compliance or acceptability or dropout* or drop out* or 
noncompliance or acceptable or satisfaction or attrition or participation or 
nonrespondents or motivation or attendance or preference* or enrol?ment 
or incentive*).ti. 
57. *"Health Services Needs and Demand"/ 
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Database 
Edition or 

date 
searched 

Search Terms†† 

58. *waiting lists/ 
59. demand.mp. or wait*.ti. 
60. ut.fs. 
61. utili?ation.ti. 
62. (cultural or ethnic or psychological or linguistic or economic or 
socioeconomic or psychosocial or social or policy or financial or lifestyle 
or emotional or psychological).ti. 
63. (barrier* or disparit* or inequalit* or regulat*).ti. 
64. "quality of health care"/ or guideline adherence/ or program 
evaluation/ or quality assurance, health care/ 
65. patient reported outcomes.tw. 
66. (quality not (quality of life or diet* quality)).ti. 
67. (barrier* adj3 (implement* or treat* or therapy*)).tw. 
68. health services accessibility/ 
69. (access not access-port).ti. 
70. attitude to health/ 
71. attitude of health personnel/ 
72. health knowledge, attitudes, practice/ 
73. (perception* or perceived or knowledge or belief* or attitude* or 
perspective* or awareness or views).ti. 
74. or/55-73 
75. ethics/ or bioethical issues/ or bioethics/ or "codes of ethics"/ or 
complicity/ or "conflict of interest"/ or ethical analysis/ or ethical relativism/ 
or "ethical review"/ or ethical theory/ or ethicists/ or ethics committees/ or 
ethics, business/ or ethics, institutional/ or ethics, professional/ or ethics, 
research/ or humanism/ or morals/ or personhood/ or principle-based 
ethics/ or professional misconduct/ or philosophy/ or double effect 
principle/ 
76. hippocratic oath/ or ethical analysis/ or casuistry/ or retrospective 
moral judgment/ or wedge argument/ or ethics consultation/ or ethics 
committees, clinical/ or ethics committees, research/ or ethics, clinical/ or 
ethics, dental/ or ethics, medical/ or ethics, nursing/ or ethics, pharmacy/ 
or helsinki declaration/ or feminism/ or conscience/ or moral development/ 
or social responsibility/ or virtues/ or beneficence/ or personal autonomy/ 
or social justice/ or scientific misconduct/ 
77. Altruism/ or human rights/ or child advocacy/ or freedom/ or patient 
rights/ or reproductive rights/ or social justice/ or women's rights/ 
78. Healthcare Disparities/ 
79. Health Services Accessibility/ 
80. Informed Consent/ 
81. "Quality of Life"/ 
82. Social Values/ 
83. "Value of Life"/ 
84. (psychology or ethics).fs. 
85. Eugenics/ 
86. moral obligations/ 
87. Choice Behavior/ 
88. (ethics or ethical or bioethic* or integrity or morality or moral or morals 
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Database 
Edition or 

date 
searched 

Search Terms†† 

or justice or freedom or norms or "public opinion" or responsibility or 
prejudice or stigma or social acceptance or altruism or autonomy or 
beneficence or "non-malfeasance" or nonmalfeasance or harm or 
"benefit-harm" or "burden-benefit ratio" or "technology-driven" or 
technology driven or "normative effective" or fairness or equity or "value 
based" or "value judgment" or "legal issues" or "quality of life" or "socio-
cultural context" or "patient preference" or "informed choice" or "informed 
participation" or virtue or virtuous or "perceived risk" or judgement or 
attitudes or intention* or fear or anxiety or anxious).ti,ab. 
89. or/75-88 
90. 18 and (74 or 89) 
91. 11 and (30 or 35 or 54) 
92. 90 or 91 
93. limit 92 to (english language and yr="2010 -Current") 
94. limit 93 to (review articles or reviews or meta-analyses or guidelines or 
practice guidelines or reviews systematic reviews) 
95. limit 93 to ("in data review" or in process or publisher or "pubmed not 
medline") 
96. 94 or 95 
97. animals/ 
98. humans/ 
99. 97 not (97 and 98) 
100. 96 not 99 
101. remove duplicates from 100 

EBSCO Discovery 
Service  

9 May 2016 
11 results 

TI ( (isch?emic or acute) N3 stroke ) AND TI ( (trend* or incidence) )  

PubMed (ethics 
subset) 

19 May 2016 
24 results 

Search: ("brain ischemia"[Title] OR "ischaemic stroke"[Title] OR "ischemic 
stroke"[Title]) AND elderly Filters: English, Bioethics 

SocINDEX with Full 
Text  
Limiters - Date of 
Publication: 
20040101-20161231 
Conference Papers, 
Academic Journals 

13 Jun 2016 
341 results 

S8 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 
S7 carotid artery thrombosis 
S6 transient ischemic attack OR transient ischaemic attack 
S5 ((occlus* or hypoxi* or block* or infarct* or clot* or termination) N6 

(carotid or cerebr* or MCA or ACA)) 
S4 (stroke*) N3 (acute or cerebr* or attack* or accident* or lacunar or 

cardioembol*)). 
S3 ( ((ischaemi* or ischemi*) N3 (stroke* or apoplex* or cerebr* or brain 

or encephalopath* or neur* or CVA)) or AIS) ) 
S2 DE "STROKE" OR DE "STROKE patients" 
S1 DE "CEREBRAL ischemia" 

Proquest Databases: 
ABI/INFORM 
Collection 
ProQuest 
Dissertations & 
Theses Global  
PAIS Index 
Dissertations & 

13 Jun 2016 
517 results 

Limits 2004 to present 
S4  S1 OR S2 OR S3 
S3  ti(((("Brain Ischemia") OR (stroke*) OR (brain embolism) OR 

("Carotid Artery Thrombosis") OR ("transient ischemic attack") OR 
("transient ischaemic attack") OR ("cerebral infarction")))) OR 
ab(((("Brain Ischemia") OR (stroke*) OR (brain embolism) OR 
("Carotid Artery Thrombosis") OR ("transient ischemic attack") OR 
("transient ischaemic attack") OR ("cerebral infarction")))) AND 
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Database 
Edition or 

date 
searched 

Search Terms†† 

Theses @ University 
of Alberta  

all(Thrombectomy OR Embolectomy OR endovascular OR clot 
disruption* OR clot retrieval* OR stent* OR intraarterial OR "intra 
arterial" OR mercy OR Trevo OR Penumbra OR Solitaire) 

S2  all(acute ischemic stroke) 
S1  ti(("Brain Ischemia" OR "ischaemic stroke" OR "ischemic stroke" OR 

"transient ischemic attack" OR "transient ischaemic attack")) 

EBSCO Discovery 
Service  
Targeted search for 
patient acceptability 
and patient views 

4 Oct 2016 
359 results 

S5 ( S3 AND S4 ) AND ( S1 OR S2 ) 
S4 ( ((thromb* or embol*) ) OR ( (clot* N3 (retriev* or disruption* or 

fragmentation)) ) OR ( ((stent* or stent-assisted) N3 retriev*) ) OR ( 
((intravenous or intraarterial or intra arterial or endovascular) N3 
(interven* or therap* or treatment or embolect*)) ) OR ( (Merci or 
Trevo or Penumbra or Solitaire) N3 (retriever* or system* or device*) ) 

S3 ( TI ( patient* W2 (perception* OR concern* OR attitude* OR 
experience* OR perspective* OR preference* OR view* OR right*) ) 
OR SU ( patient* N3 (attitude* OR experience* OR perspective* OR 
preference* OR view* OR right* OR accept* OR satisfaction) ) ) OR 
TI ( ( acceptab* OR qualitative OR feelings OR viewpoint* OR rural) ) 

S2 SU stroke OR SU brain ischemia 
S1 TI ( ((ischaemi* or ischemi*) N3 (stroke* or apoplex* or cerebr* or 

brain or encephalopath* or neur*))) ) 
Limiters - Published Date: 20040101-20161231  
Expanders - Apply related words; Apply equivalent subjects  
Search modes - Find all my search terms 
Languages French English Spanish 
Expanders - Apply related words; Apply equivalent subjects  
Search modes - Find all my search terms 

Other Sources 

Text mining of T 
section search 
results in EndNote 
(see Appendix T.A) 

15 Apr 2016 
1,774 

results 

 Title Contains  cultural 
or Title Contains  disparities 
or Title Contains  belief 
or Title Contains  legal 
or Title Contains  ethical 
or Title Contains  socio* 
or Title Contains  ethnic 
or Title Contains  fear 
or Title Contains  geograph 
or Title Contains  distance 
or Title Contains  burden of illness 
or Title Contains  epidemiology 
or Title Contains  jurisprudence 
or Title Word begins with values 
or Title Contains  consent 
or Title Word begins with psycho 
or Title Contains  ethic 
or Title Word begins with moral 
or Title Contains  confidential 
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Database 
Edition or 

date 
searched 

Search Terms†† 

or Title Contains  attitude 
or Title Contains  complian 
or Title Contains  adhere 
or Title Contains  prejudic 
or Title Contains  opinion 
or Title Contains  religio 
or Title Contains  rights 
or Title Contains  accept 
or Title Contains  emotion 
or Title Contains  incidence 
or Title Contains  prevalen 
or Title Contains  barriers 
or Title Contains  perceiv 
or Title Contains  percept 
or Title Contains  perspect 
or Title Contains  privacy 
or Title Contains  awareness 
or Title Contains  mortality 
or Title Contains  demograph 
or Title Contains  environment 
or Title Contains  employ 
or Title Contains  expense 
or Title Contains  salary 
or Title Contains  income 
or Title Contains  guideline 
or Title Contains  gender 
or Title Contains  population 
or Title Word begins with sex 
or Title Contains  aboriginal 
or Title Contains  first nation 
or Title Contains  education 
or Title Contains  surveillance 
or Title Contains  travel 
or Title Contains  distance 
or Title Word begins with wait 
or Title Contains  accessibility 
or Title Word begins with law 
or Title Contains  inform 
or Title Contains  prejudice 
or Title Contains  stigma 
or Title Contains  integrity 
or Title Contains  northern 
or Title Contains  arctic 
or Title Contains  canad 
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Database 
Edition or 

date 
searched 

Search Terms†† 

or Title Contains  inuvik 
or Title Contains  yukon 
or Title Contains  judg 
or Title Contains  north west 
or Title Word begins with fair 
or Title Contains  equity 
or Title Contains  behav 
or Title Contains  integrity 
or Title Contains  obligat 
or Title Contains  intent 
or Title Contains  responsib 
or Title Contains  anxiety 
or Title Contains  anxious 
or Title Contains  minorit 
or Any Field Contains willingness 
or Title Contains  policy 
or Title Contains  policies 
or Title Word begins with view 
or Title Contains  resources 
or Title Contains  training 
or Title Contains  infrastructure 
or Title Contains  program 
or Title Contains  decision 
or Title Contains  service 
or Title Contains  practice 

Grey Literature 

Alberta Health 
Surveillance 
www.strokestrategy.a
b.ca 

25 Feb 2016 
1 result 

Browsed site 

Alberta Health 
Services 
www.albertahealthser
vices.ca/  

25 Feb 2016 
3 results 

Site search: stroke 

Quality Improvement 
and Clinical Research 
www.ucalgary.ca/quic
r/  

25 Feb 2016 
1 result 

Browsed site 

Heart and Stroke 
Foundation 
www.heartandstroke.
ca  

25 Feb 2016 
1 results 

Browsed site 

Alberta Health 
Interactive Health 
Data Application 

10 Mar 2016 
4 tables 

Searched: 
Stroke Age Specific Occurrence Rate 
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Database 
Edition or 

date 
searched 

Search Terms†† 

www.ahw.gov.ab.ca/I
HDA_Retrieval/select
Category.do  

Stroke Age Sex Specific Incidence Rate 
Year Sex Age Stroke Type 
2014 BOTH ALL ACUTE ISCHEMIC 
2014 BOTH ALL INTRACEREBRAL HEMORRHAGE 
2014 BOTH ALL SUBARACHNOID HEMORRHAGE 
2014 BOTH ALL TRANSIENT ISCHEMIC ATTACK 

University of Alberta 
Library Catalogue 
www.library.ualberta.
ca  

21 Mar 2016 
15 results 

Endovascular Therapy in Title 
Restricted to books 

OECD iLibrary 5 May 2016 
0 results 

Ischemic stroke 

Statistics Canada 
www.statcan.gc.ca/en
g/start  

5 May 2016 
1 results 

ischaemic stroke 

EthxWeb: Literature 
in Bioethics 
bioethics.georgetown.
edu/ 

17 May 2016 
3 results 

Ischemic stroke” 
feelings barriers fear viewpoint concerns ethnicity acceptability views 
ethical ethics remote geographic location rural surveillance  

Google 3 Jun 2016 
174 results 

5 results 
51 results 

delivery OR policy OR policies OR practice OR practices "ischemic 
stroke" site:.ca  
Country: Canada 
"care pathways" "ischemic stroke" -news site:.ca 
Country: Canada 
"care paths" "ischemic stroke" -news site:.ca 
Country: Canada 

Economic Burden of 
Illness in Canada 
custom report 
generator 
ebic-femc.phac-
aspc.gc.ca/custom-
personnalise/national.
php  

9 Aug 2016 
1 result 

Selected Cardiovascular and  
Acute but Ill-Defined  
Cerebral Infarction  
Intracerebral Haemorrhage  
Other Cerebrovascular Disease 
Transient Ischemic Attack 

CIHI Health Indicators 
Interactive Tool 
yourhealthsystem.cihi
.ca/epub/  

2 Sep 2016 
1 result 

Selected “hospitalized stroke event (2011 standard population)”  

†† “*”, “# “, and “?” are truncation characters that retrieve all possible suffix variations of the root word e.g., surg* 
retrieves surgery, surgical, surgeon, etc.  
Searches separated by semicolons have been entered separately into the search interface 
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Appendix S.B: Alberta Health Services EMS Stroke Screen Tool 

 
Source: EAG, personal communication, 2016 
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Appendix S.C: Flight Times from Alberta PSCs to CSCs 

TABLE S.C.1: Estimated flight times from Alberta PSCs to CSCs served by 
STARS and/or fixed-wing air ambulances 

PSC 
Estimated 

average air/ 
flight time to CSC 

Additional comments/notes to be considered 

Brooks 128 min to FMC If AWH is unavailable, time will be 146 min. 

Camrose 102 min to UAH If AWH is unavailable, time will be 111 min. Currently all missions land at 
the airport. 

Cold Lake 203 min to UAH If AWH is unavailable, time will be 231 min. Currently all missions land at 
airport. FW is the fastest option at 167 min. 

Drumheller 114 min to FMC If BKH is unavailable, time will be 133 min. 

Fort McMurray 252 min to UAH FW is faster at 179 min. 

Grande Prairie 163 min to UAH  

High Level 322 min to UAH Typically STARS would fly the patient to Grande Prairie (QE2, in 165 
min). FW is the fastest option to UAH at 270 min. 

Hinton 191 min to UAH Hinton can also go to Grande Prairie (QE2), in 190 min. 

Lethbridge 135 min to FMC If AWH is unavailable, time will be 155 min. 

Lloydminster 199 min to UAH Lloydminster can also go to Saskatoon, in 195 min. FW is the fastest 
option at 169 min. 

Medicine Hat 192 min to FMC If AWH is unavailable, the time will be 221 min. FW is the fastest option at 
129 min. 

Peace River 224 min to UAH Typically STARS would fly the patient to Grande Prairie (QE2 in159 min). 
FW is the fastest to UAH at 177 min. 

Red Deer 110 min to UAH 
113 min to FMC 

Red Deer will go to FMC or UAH equally, as the times are almost 
equivalent. If the AW is unavailable, the times for the BKH is 124 min to 
FMC or UAH. 

Wainwright 160 min to UAH If BKH is not available, the time will be 170 min. 

Westlock 99 min to UAH If AWH is not available, the time will be 109 min. 

Note: Calgary and Edmonton each have 2 helicopters (called AWH and BKH, respectively) 
CSC: comprehensive stroke centre; FMC: Foothills Medical Centre (Calgary); FW: fixed wing; min: minutes; PSC: 
primary stroke centre; QE2: Queen Elizabeth II Hospital (Grande Prairie); UAH: University of Alberta Hospital 
(Edmonton) 
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Appendix S.D: Imaging Technology and Personnel Available in Alberta PSCs 

TABLE S.D.1: List of imaging technology and personnel available at each PSC (CT and CTA) in Alberta 

Primary Stroke 
Centre 

Currently 
conducting 
CTAs for 
stroke? 

CTA availability 

If 24/7 CTA 
availability, is 

this 24/7 on-site 
or on call? 

If CTA capable 
techs are on 
call, how fast 

after being 
called are they 

on-site? 

Number of MRTs 
(MRT I, MRT II, 

MRT III)* 

Number of  
CT-capable 

MRTs 

Number of  
CTA-capable 

MRTs 

Brooks Yes 07:30-16:30   7 (3 general 
radiologists, 4 CT) 

 4 

Camrose Yes 07:30-15:45 and on 
call 

  4 + 1 casual  5 

Cold Lake Yes 24/7 on-site 08:00-
16:00 M-F, 
otherwise on call 

within 30 min 8 7 7 

Drumheller Yes 08:00-17:00 M-F   2  2 

Fort McMurray Yes 24/7 Yes within 15 min 3 3 3 

Grande Prairie Yes 24 hrs (on call 
17:15-07:30) 

on-site 07:30-
17:15, otherwise 
on call  

within 20 min 4 MRT II, 1 MRT 
III  

17 (includes 
MRT I) 

5 

High Level Yes 24/7   2  2 

Hinton When requested 24 hrs   4  4 

Lethbridge Yes 24/7 (as of 11 
September 2015, 
CT technologist on-
site 07:00-23:15; 
otherwise on call) 

as of 11 
September 2015, 
on-site 07:00-
23:15, otherwise 
on call 

policy states 30 
min maximum 
response time, 
typically less 
than 20 min is 
normal  

1-MRT III 
6-MRT II 
MRT I (perform 
dry heads) 

MRT I (perform 
dry heads 
only) 

7 

Lloydminster Yes 24/7   4  4 

Medicine Hat Yes 07:00-23:30   20 (13 general 
radiologists, 7 fully 
trained CT) 

 7 

Peace River Yes 24/7   8  5 
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Primary Stroke 
Centre 

Currently 
conducting 
CTAs for 
stroke? 

CTA availability 

If 24/7 CTA 
availability, is 

this 24/7 on-site 
or on call? 

If CTA capable 
techs are on 
call, how fast 

after being 
called are they 

on-site? 

Number of MRTs 
(MRT I, MRT II, 

MRT III)* 

Number of  
CT-capable 

MRTs 

Number of  
CTA-capable 

MRTs 

Red Deer Yes 24/7   12  12 

Wainwright No No   5 4 1 

Westlock Yes 24/7   8  6 

* Union classification based on the type of work technologists do: MRT I can perform general radiography; MRT II can perform specialized work such as CTA, fully 
trained; MRT III works as a supervisor who may or not be trained in CTA 
CT: computed tomography; CTA: computed tomography angiography; hrs: hours; M-F: Monday through Friday; min: minutes; MRT: Medical Radiologist 
Technologist; PSC: primary stroke centre 
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SECTION THREE: Technological Safety and Effectiveness 
Bing Guo, MD, MSc; Carmen Moga MD, MSc; Lisa Tjosvold, MLIS 

3.1 Introduction 
Intravenous tissue plasminogen activator (IV tPA) has been the only standard care for acute 
ischemic stroke since 1996; however, this treatment has been used in only a small portion of acute 
ischemic stroke patients due to many contraindications and low rates of recanalization/reperfusion 
in large vessel occlusions. Substantial efforts have been made over the past decade to explore other 
treatment modalities to improve clinical outcomes, particularly endovascular therapy (EVT) using 
mechanical devices. The first EVT device, the Mechanical Embolus Removal in Cerebral Ischemia 
(MERCI) Retriever, was approved by the Food and Drug Administration (FDA) in the United 
States for the treatment of acute ischemic stroke in 2004; the second generation of mechanical 
device, the Penumbra System, was approved in 2008, and the third generation, the stent retrievers, in 
2012. 

All three multi-centre randomized controlled trials (RCTs) published in 20131-3 revealed no 
differences between EVT and IV tPA in terms of mortality, intracranial hemorrhage, and functional 
status, likely due to the use of thrombectomy devices of low efficiency, insufficient robust imaging 
selection criteria, and long delays from hospital presentation to reperfusion.4 All five new RCTs 
published in 2015, however, by addressing several major limitations of the three 2013 RCTs, 
demonstrated significantly improved clinical outcomes with EVT (with or without IV tPA) when 
compared to the use of IV tPA alone. Consequently, in 2015, EVT was recommended by the 
American Heart Association/American Stroke Association5 and the Heart and Stroke Foundation of 
Canada6 as standard care for appropriate acute ischemic stroke patients. In Alberta, EVT is currently 
provided as standard care in two comprehensive stroke centres (CSCs), located in Edmonton and 
Calgary, respectively. 

As clinical safety and efficacy of EVT have been largely established by these recent randomized 
trials, and required clinical expertise and facilities are available in Edmonton and Calgary, the main 
policy question for this report is not whether this technology should be adopted but how stroke care 
with EVT should be delivered in the most appropriate manner to maximize clinical benefit and 
minimize harms to acute ischemic stroke patients in Alberta. Accordingly, this section of the report 
will only provide a brief summary of the most up-to-date research evidence from systematic reviews 
(SRs)/meta-analyses (MAs) and health technology assessments (HTAs) of recent RCTs on the 
overall safety and efficacy of EVT; primary focus will be placed on the impact of a number of 
predefined important patient/clinical factors on the clinical outcomes of EVT. 

3.1.1. Objective 
The aim of the Technological Safety and Effectiveness (T) section of this STE report is to perform a 
systematic review and critical appraisal of the current best available research evidence to address the 
following two research questions: 

1. Is EVT (with or without IV tPA) safe and effective, compared to the current standard care 
including IV tPA, in the treatment of adult patients with acute ischemic stroke? 

2. What are the patient/clinical factors that will affect clinical outcomes of EVT?  
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3.1.2. Methods 
Literature search 
A comprehensive literature search of relevant bibliographic databases and grey literature sources was 
conducted by an IHE information specialist in February 2016 to identify relevant studies published 
from January 2004 (the year of the FDA approval of the first EVT mechanical device) to February 
2016. The search was designed to identify studies regarding safety and efficacy of EVT as well as 
patient or clinical factors that would affect clinical outcomes. The literature search was limited to the 
English language and human studies, but no study design filters were applied. In addition to the 
resources listed below, reference lists of selected studies were manually screened to identify any 
additional relevant studies.  

• Bibliographic databases: Medline, Embase, CINAHL, EBM Reviews (Cochrane Database of 
Systematic Reviews, Cochrane Central Register of Controlled Trials), PubMed, PubMed 
Health, Wiley Cochrane Library (Database of Abstracts of Reviews of Effects (DARE), 
Health Technology Assessment Database (HTA), NHS Economic Evaluation Database 
[NHS EED]), Web of Science Core Collection, ProQuest Dissertations & Theses Global, 
and Dissertations & Theses @ University of Alberta 

• Grey literature resources: Health Technology Assessment (HTA) agency websites, clinical 
trial registries, clinical practice guidelines, Amicus library catalogue, position statements, 
device approvals and recalls from Health Canada and FDA, and Google 

• MeSH terms used: Brain Ischemia, Stroke, Embolectomy, Thrombectomy, Time to 
Treatment, Time Factors, Tissue Plasminogen Activator. 

For more details on the literature search for the T section, see Appendix T.A. 

Study selection 
Titles/abstracts identified from the literature search were screened by one researcher (BG), and full-
text publications of relevant articles were retrieved. All full-text articles were first reviewed by one 
researcher (BG) to determine the eligibility of key studies, and resulting studies for inclusion were 
then reviewed by another researcher (CM) for final decision according to the predefined selection 
criteria based on the PICOS model, seen in Table T.1 below. Disagreements between the reviewers’ 
decisions were resolved by consensus. Further details on the inclusion/exclusion criteria can be 
found in Appendix T.A. 

TABLE T.1: Eligibility criteria of the included studies 
Population • Adult patients (18 years old of age or older) with acute ischemic stroke 

Intervention • Endovascular mechanical thrombectomy (with or without IV tPA) using newer generations of 
devices (that is, stent retrievers) approved by the FDA and Health Canada 

Comparator • Standard medical care with the use of IV tPA when indicated 

Outcomes of 
interest 

Any of the following: 
• Safety outcomes: symptomatic intracranial hemorrhage (sICH) and other EVT-related 

complications; mortality within 90 days post-EVT  
• Efficacy/effectiveness outcomes: functional status (measured by the modified Rankin Scale 

[mRS]) at 90 days post-EVT, functional independence (defined as a mRS score between 0 
and 2) at 90 days post-EVT 
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Study designs For research question 1:  
• SRs/MAs or HTAs of RCTs that examined the safety and efficacy of EVT (with or without IV 

tPA) compared with standard care with IV tPA 
Note: no primary studies will be assessed to address this question 

For research question 2:  
• SRs/MAs, HTAs, or primary studies (RCTs or observational studies) that examined the 

impact of predefined patient/clinical factors and the clinical outcomes of EVT (with or without 
IV tPA). The factors are defined as patient characteristics, predictors, covariates, or baseline 
variables in the literature, and should be: 
o focused on pre-treatment baseline patient factors, but not factors after the treatment (for 

example, imaging change after reperfusion) 
o predictors of clinical outcomes (for example, mortality, sICH, mRS at 3 or more months) 

but not of surrogate outcome (for example, recanalization/reperfusion)  
o more relevant in terms of patient selection and system-wide implementation, but not for 

guiding selection of imaging or treatment techniques 

After consulting the Expert Advisory Group (EAG) members, the specific patient/clinical factors 
considered in this review include the following: 

• Patient factors: age, gender, comorbidities, baseline NIHSS score, baseline ASPECTS, 
location of vessel occlusion, and baseline collateral status 

• Clinical factors: time intervals from symptom onset to randomization, groin puncture, or 
recanalization/reperfusion; patient transportation method (mothership versus drip-and-
ship); and use of IV tPA prior to EVT 

There are other general factors that could impact clinical outcomes, such as the type of anaesthesia. 
However, to make this review more relevant from a provincial planning and delivery perspective, 
studies that focused on such general factors are excluded; the review will focus on the above noted 
individual factors. Assessment of the combination of several factors is beyond the scope of this 
project due to time constrains. 

Data extraction 
One researcher (BG) extracted data from the selected SRs/MAs and primary studies using pre-
developed data extraction forms (see Appendix T.A). For a study with multiple publications, the 
most recent or most comprehensive publication was included as a key study, with supplemental 
information from other relevant publications when necessary. 

Quality appraisa l 
Two researchers (BG and CM) independently appraised the methodological quality of the selected 
meta-analysis of individual participant data (IPD MA) using the checklist recommended by the 
Cochrane IPD MA working group,7 of the selected SRs/MAs using the AMSTAR rating tool,8 and 
of the selected primary studies using a tool adapted from two previous studies (see Appendix  
T.A).9, 10 Disagreements in quality ratings between the two reviewers were resolved by consensus.  

Quality assessment results were incorporated into the review when interpreting and discussing 
research evidence, but were not used to include or exclude studies. 
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Data analysis and synthes is 
Evidence from the selected SRs/MAs on overall safety and efficacy of EVT was summarized 
narratively and presented in tables. For the impact of predefined patient/clinical factors on EVT 
effects, evidence from the selected SRs/MAs and primary studies is summarized narratively for each 
of the 10 predefined patient/clinical factors. A meta-analysis of the selected primary studies for each 
individual factor was considered; however, it was not conducted due to the small number of studies 
included for each factor. 

3.2 Background 
3.2.1. Brain Blood Circulation and Acute Ischemic Stroke 
Two major arterial divisions, the anterior and posterior circulation, supply the brain. The anterior 
circulation arises from the internal carotid arteries and supplies 80% of the brain, whereas the 
posterior circulation is formed from the vertebral arteries and supplies the other 20% of the brain.11 
The anterior circulation has two major branches: the middle cerebral artery and the anterior cerebral 
artery.11 The presence of a large vessel occlusion of a major intracranial artery, most commonly the 
middle cerebral artery or the internal carotid artery, is estimated to occur in approximately one-third 
to one-half of acute ischemic stroke cases,12 or around 65% of all strokes.13 Anterior circulation 
occlusion of the middle cerebral artery stem with or without occlusion of the top of the internal 
carotid artery, typically resulting from an embolus (that is, a mass that travels through the 
bloodstream and is capable of clogging arterial capillary beds) from the heart or a carotid artery 
bifurcation atherosclerotic plaque, is the most common.14 Middle cerebral artery occlusion accounts 
for 50% of all intracranial occlusions.15 

3.2.2. Assessment of Brain Collateral Circulation 
Collateral anatomy can be divided into primary and secondary pathways. Primary routes consist of 
pre-existing artery-to-artery connections which can supply sufficient blood flow to large portions of 
the affected territory.16 Secondary routes consist of those that are less direct and diminutive in 
normal healthy states, but can enlarge and provide substantial blood flow.16 In addition, new arteries 
can be created to supply collateral blood flow. Capillaries develop a smooth muscle layer and expand 
into larger vessels to handle additional blood flow.16 

It has been widely recognized that collateral perfusion varies across individuals in any population 
and has a profound effect on baseline variables including the time course of ischemic injury, stroke 
severity, imaging determination of infarct volume, and therapeutic opportunities. For those 
undergoing EVT, improved collaterals at presentation can influence the likelihood of achieving 
successful recanalization (that is, to open the occluded vessel).16, 17 

A number of clinical factors have been shown to affect the quality and quantity of collaterals at the 
time of presentation in acute ischemic stroke; for example, age, elevated glucose at the time of 
presentation, uric acid levels, history of hypertension, and history of smoking have been identified as 
predictors of collateral status.16 

Digital subtraction angiography is the reference standard for the anatomic and functional 
characterization of collaterals. With digital subtraction angiography, the structure of the primary and 
secondary components can be directly visualized, and dynamic assessments of the type and caliber 
of blood flow can be determined.16 
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While many collateral grading scales exist, the most commonly used is the one proposed by the 
American Society of Interventional and Therapeutic Neuroradiology (ASITN)/Society of 
Interventional Radiology (SIR), with a total score ranging from 0 (poor) to 4 (good) (see Table T.2), 
which incorporates the dynamic information provided by digital subtraction angiography of cerebral 
blood flow from arteries into capillaries and veins.16 

TABLE T.2: ASITN/SIR collateral grading scale 
Grade Angiographic collaterals 

0 No collaterals visible to the ischemic site 

1 Slow collaterals to the periphery of the ischemic site with persistence of some of the defect 

2 Rapid collaterals to the periphery of the ischemic site with persistence of some of the defect and to only 
a portion of the ischemic territory 

3 Collaterals with slow but complete angiographic blood flow of the ischemic bed by the late venous 
phase 

4 Complete and rapid collateral blood flow to the vascular bed in the entire ischemic territory by 
retrograde perfusion 

Adapted from: Sheth et al. 201516 

In recent years, significant advances have been made with noninvasive imaging techniques, which 
can be divided into structural and functional collateral assessments. Computed tomography 
angiography (CTA) is one of the most commonly used structural techniques, particularly in acute 
ischemic stroke, and can be used to assess the collateral status.16 

3.2.3. Assessment of Stroke Severity 
The National Institutes of Health Stroke Scale (NIHSS) is a worldwide accepted, reproducible, and 
reliable tool used by healthcare providers to objectively quantify the severity of a stroke. The NIHSS 
is composed of 11 items that encompass five areas of neurologic function, including level of 
consciousness, language and speech (aphasia or dysarthria), motor deficits (arm, leg, or face), sensory 
deficits, and visual field deficits.11 Each of the 11 items scores a specific ability between a 0 (indicates 
normal function) and 4 (indicates highest level of impairment). The total NIHSS score ranges from 
0 to 42, with 0 indicating no stroke symptoms, 1 to 2 minor stroke, 5 to 15 moderate stroke, 16 to 
20 moderate to severe stroke, and 21 to 42 severe stroke.11 

3.2.4. Diagnostic Imaging 
As briefly mentioned in the S section, while diagnostic imaging was initially used primarily to rule 
out hemorrhage and stroke mimics, the role of diagnostic imaging has been expanded to determine: 
the location of thrombus, the volume of the infarct core, tissue viability, and the degree of collateral 
circulation.18 More details on each of these uses of diagnostic imaging for stroke can be found 
below. 

Rule out hemorrhage and stroke mimics 
Non-contrast computed tomography (NCCT) is considered the first line of imaging for patients 
with suspected acute stroke in many clinical centres because of its wide availability and speed. NCCT 
is widely accepted as the criterion standard for imaging intracerebral hemorrhage, and can reliably 
identify acute hemorrhage.18 Potential clinical mimics of ischemia must also be excluded prior to IV 
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tPA therapy; a NCCT scan of the brain can look for other causes of a new focal neurologic deficit 
besides ischemic disease, and for any contraindications to IV tPA therapy.19 

Detection of large vessel occlusion 
CTA is considered the best noninvasive imaging technique for identifying major intracranial arterial 
occlusion.20 CTA has been shown to be sensitive for detection of intracranial thrombus in the large 
arteries, but not for the more distal, smaller branches.19 CTA can be performed immediately 
following NCCT. It is safe, fast, less prone to motion, and widely available in the community.18 The 
only contraindication to CTA is a severe contrast allergy, in which case magnetic resonance 
angiography can be performed but will potentially delay time-sensitive therapies by 18 to 30 
minutes.18 

Detection of infarct core and salvageable ischemic penumbra 
Determining the extent and location of the ischemic parenchyma irreversibly damaged by the 
significant hypoperfusion, known as the infarct core, is a critical step that guides further therapy. 
One surrogate measure for the extent of the core is the semi-quantitative Alberta Stroke Program 
Early CT (ASPECTS) score, which quantifies early ischemic changes in the middle cerebral artery 
territory with NCCT.18 ASPECTS, developed by the Calgary Stroke Program, is a 10-point 
quantitative topographic CT scan score, representing a simple, reliable, and systematic approach to 
assessing early ischemic changes on NCCT.21 ASPECTS represents the extent of irreversibly 
damaged tissue and allots the middle cerebral artery territory 10 regions of interest, which are 
weighted based on functional importance.21, 22 A normal CT scan receives an ASPECTS of 10 points, 
and a score of 0 indicates diffuse involvement throughout the middle cerebral artery territory. A 
limitation of ASPECTS is its confinement to the middle cerebral artery territory.21 

The ischemic penumbra, defined as brain tissue that will die if untreated but survive if timely 
reperfusion (that is, restored brain blood flow) occurs, can be seen as a dynamic region and 
represents the critically hypoperfused parenchyma suffering neuronal silence and thus also causes 
neurological deficits.12, 18 The ischemic penumbra can be assessed with either magnetic resonance 
perfusion or computed tomography perfusion.18 CT perfusion uses repeated images of brain 
sections after intravenous contrast administration, to assess tissue level perfusion and identify 
potential ischemic penumbra.23-25 CT perfusion can provide more precise estimates (for example, 
volume measurements) than multi-phase CTA, but fundamentally the two techniques are both 
imaging blood flow.23 

Diffusion-weighted magnetic resonance imaging (MRI) is a technique that is more sensitive than 
conventional MRI for detection of hyperacute cerebral ischemia within minutes after the onset of 
ischemia; a profound restriction in water diffusion occurs in affected brain tissue, and diffusion-
weighted imaging is sensitive to diffusion restriction. However, diffusion-weighted imaging only 
shows areas that are already irreversibly damaged. Perfusion imaging allows the depiction of both 
areas of irreversible ischemia and areas of reversible ischemia; both magnetic resonance and CT 
perfusion imaging help define the tissue at risk.26 

Detection of collate ra l flow 
Multi-phase CTA is a new technique that allows a quick visual assessment of collateral flow in the 
affected territory.18 
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CT versus MRI 
Multimodal imaging is capable of addressing the acute imaging needs required for screening 
thrombectomy candidates, including ruling out hemorrhage and identifying large vessel occlusion, 
detecting infarct core and penumbra, and assessing collateral flow.18 Typical multimodal stroke CT 
imaging includes: a plain NCCT scan to exclude hemorrhage and identify changes that could suggest 
early ischemic brain injury; CTA to show vascular occlusion; and CT perfusion to assess the extent 
of tissue hypoperfusion.27, 28 Typical multimodal stroke MRI includes: a standard brain MRI to 
exclude hemorrhage; and magnetic resonance angiography to show vascular occlusion (diffusion-
weighted and perfusion-weighted MRI to assess locations of ischemic brain injury and 
hypoperfusion are also available).27 

The main practical benefit of CTA over magnetic resonance angiography is that most CT scanners 
are capable of performing CTA immediately following NCCT.18 The total scan time for a 
multimodal CT is approximately five minutes, while rapid MRI protocols can be reduced to 10 to 15 
minutes.18 Although the difference in actual imaging time between CT and MRI is small, other 
factors can add significantly to MRI times, such as the availability of a scanner, screening for MRI 
safety, transporting patients to the scanner often outside the emergency department, transferring 
patients in and out of the scanner with MRI-compatible equipment, or positioning the patients.18 In 
addition, MRI is contraindicated in up to 20% of patients with acute stroke due to patient-related 
factors such as cardiac pacemakers and medical instability. Thus, while MRI may be equivalent or 
superior to CT in its ability to address all imaging goals for acute ischemic stroke, obstacles for its 
use in the acute stroke setting may limit its utility. In contrast, CT is faster and able to satisfy the 
various imaging requirements for time-sensitive therapies in a broader population.18, 27 

3.3 Description of Technology: Endovascular Therapy 
EVT is a treatment option to facilitate the recanalization/reperfusion of occluded blood vessels. The 
term ‘endovascular therapy’ encompasses multiple pharmacological and/or mechanical procedures, 
from intra-arterial administration of thrombolytic drugs to mechanical thrombectomy that uses 
various devices to disrupt, catch, or aspirate a thrombus from a patient’s bloodstream.29-31 

3.3.1. Technology Evolvement 
Intra-arteri a l thrombolysi s 
Intra-arterial (IA) thrombolysis, by direct infusion of a highly concentrated thrombolytic drug into 
the occluding thrombus, allows lower total amounts of systemic concentration of thrombolytic drug 
than with IV tPA to achieve recanalization.32, 33 Agents used for IA thrombolytic treatment of acute 
ischemic stroke include tPA, urokinase, and pro-urokinase.   

From 1999 to 2001, EVT consisted primarily of IA tPA without mechanical techniques.34 However, 
IA tPA has not been approved by the FDA for use in acute ischemic stroke patients, so its use 
remains off-label in the United States.30, 35 It has been shown to be effective in achieving partial 
recanalization, but its disadvantages include the need for a specialized neurointerventional team and 
endovascular facilities, additional time delays required for angiography and microcatheter placement 
prior to thrombotic drug administration, and the risks of catheter manipulation and symptomatic 
intracranial hemorrhage (sICH).32, 33 Mechanical thrombectomy has been developed to improve the 
rate of recanalization, expand the time window, and reduce the risk of sICH. 
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Mechanical thrombec tomy 
Mechanical thrombectomy is a procedure involving the delivery of a device into the affected blood 
vessel in the brain, typically through a catheter via the femoral artery, which is then navigated to the 
location of the clot within the neurovasculature. The device is then used to capture and remove the 
clot.35 

Mechanical thrombectomy offers several advantages over pharmacological treatment, including 
rapid achievement of recanalization, a lower risk of hemorrhage, a longer treatment time window, 
revascularization of large artery occlusions, and application to refractory proximal thrombi such as 
carotid “T” occlusion.36 

Modern mechanical thrombectomy devices have evolved from working through entrapment and 
retrieval (for example, the MERCI Retriever) or aspiration (for example, the Penumbra System), to 
the newest generation working through combined stenting and retrieval (for example, the Solitaire 
FR Revascularization Device and the Trevo Retriever).36 

MERCI Retriever 

The first device specifically designed for intracranial thrombectomy was the MERCI Retriever (from 
Concentric Medical, Inc., California, United States, later acquired by Stryker Neurovascular, 
California, United States), which was approved by the FDA in 2004 to retrieve thrombi from 
cerebral arteries in patients presenting within 8 hours of symptom onset.36, 37 The MERCI Retriever 
is a corkscrew-shaped device delivered to pass the site of the intracranial occlusion through a 
catheter, where the corkscrew-like tip penetrates and then extracts the thrombus under active 
suction upon withdrawal of the device.35, 36, 38 This recanalization method was associated with 45 to 
60% recanalization rates.39  

Penumbra System 

In 2008, a second thrombectomy device, the Penumbra System (Penumbra, Inc., California, United 
States) was cleared by the FDA for use in the revascularization of large intracranial arteries in acute 
ischemic stroke patients presenting within 8 hours of symptom onset.35 The Penumbra System Pre is 
composed of three main components: a reperfusion catheter, separator, and thrombus removal ring, 
and removes the thrombus through aspiration and extraction.32 It was designed to prevent distal 
emboli, thus does not traverse the occluded artery; instead, the system acts on the proximal face of 
the occlusion, with an aspiration device used to debulk and extract the clot used in combination with 
a separator wire to fragment larger fragments lodged in the aspiration catheter.35, 36, 38 This system 
was able to achieve recanalization rates of up to 80% in published studies.39 

Stent retrievers 

Retrievable stents were initially intended for use in the treatment of wide-necked intracranial 
aneurysms.38 The Solitaire stent (ev3 Inc., California, United States, later acquired by Covidien, 
Minnesota, United States) was originally approved in Europe in 2007 for stent-assisted coiling of 
intracranial aneurysms. Its off-label use in a German patient with acute ischemic stroke who failed 
all earlier generation devices initiated the development of the third generation of mechanical 
devices.39 A specific variant of the Solitaire designed for thrombectomy (that is, the Solitaire FR) was 
developed and Conformité Européenne (CE) certified in July 2009.39 Multiple new devices with a 
similar function were developed in parallel, such as Trevo (Concentric Medical, Inc., California, 
United States), ReVive (Codman & Shurtleff, Inc., Massachusetts, United States), and pREset 
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(phenox, Germany).39 In 2012, the FDA cleared two stent retrievers, the Solitaire FR (Covidien, 
Minnesota, United States) and the Trevo Retriever (Stryker Neurovascular, California). 

Stent retrievers are self-expandable, resheathable, and reconstrainable stent-like devices, which is 
deployed across the occluding thrombus after passage of the thrombus with a micro-guidewire and 
micro-catheter.40, 41 Deployment of the device within the thrombus results in immediate partial flow 
restoration as the device expands. After a few minutes, the retriever comes into intensive interaction 
with the thrombus. Retrieval of the device extracts the clot, resulting in recanalization.38, 41 The major 
advantages of stent retrievers include: immediate blood flow restoration, trapping and retrieval of 
the thrombus within the stent strut, and no anti-platelets needed (due to removable stent).33 

The Trevo Retriever is a self-expanding, laser cut, nitinol stent-like device permanently attached to a 
flexible pusher wire. The device utilizes a closed-cell design (that is, each cell is connected to the 
cells around it) that optimizes the ease with which the physician is able to deliver the device through 
the micro-catheter and navigate the device to the site of occlusion in the brain.35 Integration into the 
clot maximizes the chance that a clot will be captured by the device and retrieved from the body in a 
minimum number of attempts or passes. A key feature of the latest generation of the Trevo family, 
the Trevo ProVue Retriever, is improved visibility of the device during the procedure.35 Both the 
Trevo and ReVive stent retrievers employ a closed distal end of the stent to prevent clot 
embolization. However, the Trevo’s stent wires are radio-opaque, allowing better visibility during 
angiography, compared to the ReVive system.32  

Evidence from clinical trials have demonstrated that newer EVT devices have better recanalization 
rates and low complication rates, compared to the first generation device, the MERCI Retriever (see 
Table T.3). 

TABLE T.3: Comparison between the MERCI Retriever and stent retrievers 
Trial Device Recanalization rate mRS 0-2 

SWIFT (RCT) Solitaire  61% 58% 

MERCI Retriever 37% 33% 

TREVO 2 (RCT) Trevo  86% 40% 

MERCI Retriever 60% 22% 

Adapted from: Saver et al. 201242 and Nogueira et al. 201243 
mRS: modified Rankin Scale; RCT: randomized controlled trial 

EVT initially involved IA tPA or micro-guidewire disruption, snare devices, and a clot retrieval 
system, which are no longer routinely employed. The principal technique now employed is the use 
of stent retrievers.44  

3.3.2. Eligibility Criteria for EVT 
A number of factors underpin the suitability of patients for EVT and help to guide decision-making 
regarding whether to treat and how to treat. Different eligibility criteria have been used in different 
trials, and reported rates of eligibility for EVT range from 2%45 to 11%.46  

The main patient eligibility criteria used in the five 2015 RCTs (that is, the ESCAPE, REVASCAT, 
SWIFT PRIME, MR CLEAN, and EXTEND-IA trials) are summarized in below in Table T.4. 
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TABLE T.4: Eligibility criteria for EVT from five 2015 RCTs 

Criterion 
Trial 

ESCAPE47 REVASCAT48 SWIFT PRIME49 MR CLEAN50 EXTEND-IA51 

Age Adults (no upper 
limit) 

18-80 years 18-80 years ≥18 years (no 
upper limit) 

≥18 years (no 
upper limit) 

Clinical 
symptoms/ 
signs 

AIS AIS AIS AIS AIS 

Time from 
symptom 
onset to groin 
puncture 

≤12 hours ≤8 hours ≤6 hours ≤6 hours ≤6 hours 

Baseline 
NIHSS score 

NA ≥6 ≥8 and <30 >2 No restriction 

Baseline  
mRS score 

NA (Barthel Index 
≥90) 

≤1 ≤1 NA ≤1 

Baseline 
ASPECTS 

6-10 ≥7 on NCCT or ≥6 on 
DWI MRI 

<6 NA NA 

Location of 
vessel 
occlusion 

Proximal artery 
(MCA trunk and 
immediate branch 
with or without 
intracranial 
occlusion of ICA) 
in the anterior 
circulation 

Intracranial ICA (distal 
ICA or T occlusions), 
MCA M1 or tandem 
proximal ICA/MCA M1, 
confirmed by CTA, 
MRA, or angiogram, 
with or without 
concomitant cervical 
carotid occlusion or 
stenosis 

Proximal artery 
(intracranial 
ICA, MCA M1, 
or carotid 
terminus 
confirmed by 
CTA or MRA in 
the anterior 
circulation)  

Distal ICA, 
MCA M1, 
MCA M2, or 
anterior 
cerebral 
artery (A1 or 
A2) confirmed 
by CTA, 
MRA, or DSA 

ICA, MCA 
M1, or MCA 
M2 in the 
anterior 
circulation, 
confirmed by 
CTA or MRA 

Collateral 
circulation  

Moderate-to-good 
(defined as the 
filling of 50% or 
more of the MCA 
pial arterial 
circulation on CTA 
(preferably on 
multi-phase CTA) 

NA NA NA NA 

Eligible for 
IV tPA  

NA No NA NA Within 4.5 
hours of 
symptom 
onset 

AIS: acute ischemic stroke; ASPECTS: Alberta Stroke Program Early Computed Tomography Score; CTA: computed 
tomography angiography; DSA: digital subtraction angiography; DWI MRI: diffusion-weighted magnetic resonance 
imaging; ESCAPE: Endovascular treatment for Small Core and Anterior circulation Proximal occlusion with Emphasis 
on minimizing CT to recanalization times; EXTEND-IA: Extending the time for thrombolysis in emergency neurological 
deficits with intra-arterial therapy; ICA: internal carotid artery; IV tPA: intravenous tissue plasminogen activator; MCA: 
middle cerebral artery; MRA: magnetic resonance angiography; MR CLEAN: Multicenter randomized clinical trial of 
endovascular treatment for acute ischemic stroke in the Netherlands; mRS: modified Rankin Scale; NA: not available, 
NCCT: non-contrast computed tomography; NIHSS: National Institutes of Health Stroke Scale; RCT: randomized 
controlled trial; REVASCAT: Revascularization with Solitaire FR device vs. best medical therapy in the treatment of 
acute stroke due to anterior circulation large vessel occlusion presenting within 8 hours of symptom onset; SWIFT 
PRIME: Solitaire with the intention for thrombectomy as primary endovascular treatment trial 
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As shown in Table T.4, the ESCAPE trial, led by Albertan clinical researchers, used inclusion criteria 
somewhat different from the other four trials:  

• adults with no upper age limit; 
• pre-stroke functioning independence indicated by the Barthel Index (score of 90 or above) 

rather than the mRS; 
• time window up to 12 hours from symptom onset, the longest among all five trials; and 
• moderate to good collateral circulation on computed tomography angiography (CTA), the 

only study to use this criterion. 

Table T.5 below presents eligibility criteria (inclusion and exclusion criteria) from a non-randomized 
multi-centre clinical trial, namely the STAR trial (“Solitaire flow restoration thrombectomy for acute 
revascularization”) that involved 14 centres from Europe, Canada, and Australia and included 202 
patients with acute ischemic stroke; all received EVT with the Solitaire device.  

TABLE T.5: Eligibility criteria for EVT from a non-randomized trial 
Inclusion criteria Exclusion criteria 

• Age: 18-85 years 
• Baseline NIHSS score: 

8-30 
• Baseline mRS score: <2 
• Time from symptom 

onset: ≤8 hours 
• Documented proximal 

intracranial anterior 
circulation arterial 
occlusion  

• Life expectancy of <90 days 
• Baseline NIHSS score of >30, or coma 
• Sustained uncontrolled hypertension (systolic blood pressure >185 mm Hg or  

diastolic blood pressure >110 mm Hg) 
• Anticoagulation with international normal ratio >3.0 
• Platelet count <30 000 
• Glucose >400 mg/dL 
• Previous stroke within 30 days 
• Unknown time of symptom onset 
• Seizure at the onset of stroke 
• Associated myocardial infarction or severe infection (sepsis or endocarditis) 

Adapted from: Menon et al. 201452 
mRS: modified Rankin Scale; NIHSS: National Institutes of Health Stroke Scale 

In addition to general inclusion and exclusion criteria, some studies have also reported detailed 
imaging exclusion criteria (for an example, see Appendix T.G, Table T.G.1). 

3.3.3. Complications of EVT 
Complications associated with EVT in the treatment of acute ischemic stroke can be divided into 
five main categories (see Table T.6). Intracranial complications can include vessel perforation leading 
to subarachnoid hemorrhage or intracerebral hemorrhage and embolization of a fragmented 
thrombus into the distal circulation.14 Intracerebral hemorrhage represents the most dangerous 
complication, and is usually associated with the use of thrombolytics or perforation of an artery wall 
induced by catheter and guidewire manipulations.53 Embolization can occur in as many as 2 to 17% 
of patients receiving EVT, resulting in increased perioperative morbidity and mortality.38 An 
estimated 5% complication (any type) rate was reported to be associated with the use of mechanical 
thrombectomy devices, which could ultimately negatively affect the clinical benefit of EVT.54 
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TABLE T.6: Common complications associated with EVT for acute ischemic 
stroke 

Arterial access Medication and  
contrast media 

Systemic 
complications 

Anaesthesia 
related 

Device (stent) 
related 

• Hematoma 
• Retroperitoneal bleed 
• Pseudo-aneurysm 

and dissection 
• Arterial venous fistula 
• Groin infection 
• Arterial thrombosis 

• Hemorrhage 
• Nausea/vomiting 
• Vasovagal syncope 
• Allergic reaction 
• Hypotension 
• Arrhythmias 
• Acute renal failure 
• Congestive heart failure 

• Myocardial 
infarction 

• Arrhythmias 
• Hypotension 
• Renal 

insufficiency 

• Nausea/ 
vomiting 

• Aspiration 
• Hypotension 
• Arrhythmias 

• Stent thrombosis 
• Stent migration 
• Post-deployment 

stent compression 
• Deployment 

failure 

Adapted from: Darkhabani et al. 201253 

3.3.4. Future EVT Device Development 
Given the success of stent retrievers in mechanical thrombectomy, as demonstrated in the five 2015 
RCTs, it currently remains the most popular device used for the treatment of acute ischemic stroke. 
However, there are several new devices currently being developed with the aim of further improving 
recanalization and safety profiles, with a particular emphasis on minimizing distal clot 
embolization.32 

A direct aspiration first pass technique (ADAPT) is to first use aspiration with a large-bore catheter 
and then use a stent retriever or separator if this fails, build on the concept of starting simple and 
then adding more complex tools.27, 30, 38 Direct aspiration has become possible due to advances in 
catheter technology that allow large-caliber aspiration catheters to be advanced intracranially to the 
thrombus. This approach was facilitated by the development of Penumbra System aspiration 
catheter technology (the 5MAX in 2012, the 5MAX ACE in 2013, and, most recently, the 5MAX 
ACE 64), which significantly increased the ease and speed of navigation of a large-bore catheter into 
the intracranial circulation.30, 55 The direct aspiration technique differs from previous thrombectomy 
methods as it focuses on engaging and removing the clot in its entirety, rather than the use of the 
separator that was designed to macerate the thrombus and clear the tip of the aspiration catheter.30 

3.3.5. Regulation Status 

Health Canada 
Health Canada approved the MERCI Retriever in 2004, the Penumbra System in 2008, the Trevo 
Retriever in 2011, and the Solitaire FR Revascularization Device in 2012.4 

United States FDA 
The first mechanical thrombectomy device to receive FDA clearance for use in stroke was the 
MERCI Retriever in 2004.35 In 2008, the Penumbra System was cleared by the FDA for use in acute 
stroke,35 followed by the Solitaire FR Revascularization Device and the Trevo Retriever, both in 
2012. 

4 Information retrieved from: www.hc-sc.gc.ca/dhp-mps/md-im/licen/mdlic-eng.php (accessed 13 April 2016). 
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3.3.6. Clinical Practice Guidelines 
Based on the results from the five 2015 RCTs, the American Heart Association5 and the Heart and 
Stroke Foundation of Canada6 updated their clinical practice guidelines in 2015 to reflect their new 
positions that EVT is now considered as an alternative for appropriate patients with acute ischemic 
stroke.  

The new recommendations from the American Heart Association guidelines that are relevant to this 
review are outlined as follows:5 

• Patients should receive EVT with a stent retriever if they meet all the following criteria (Class 
I; Level of Evidence A): 

o pre-stroke mRS score between 0 and 1 
o acute ischemic stroke patient receiving IV tPA within 4.5 hours of onset 
o causative occlusion of the internal carotid artery (ICA) or proximal middle cerebral 

artery (MCA M1) 
o age of 18 years or older 
o NIHSS score of 6 or more 
o ASPECTS of 6 or more 
o treatment can be initiated (groin puncture) within 6 hours of symptom onset 

• As with IV tPA, reduced time from symptom onset to reperfusion with EVT is highly 
associated with better clinical outcomes. To ensure benefit, reperfusion to Thrombolysis In 
Cerebral Infarction (TICI) grade 2b/3 should be achieved as early as possible and within 6 
hours of stroke onset (Class I; Level of Evidence B-R). 

• When treatment is initiated beyond 6 hours from symptom onset, the effectiveness of EVT 
is uncertain for patients with acute ischemic stroke who have causative occlusion of the ICA 
or proximal MCA (M1) (Class IIb; Level of Evidence C). Additional randomized trial data are 
needed. 

• In carefully selected patients with anterior circulation occlusion who have contraindications 
to IV tPA, EVT with stent retrievers completed within 6 hours of stroke onset is reasonable 
(Class IIa; Level of Evidence C). 

• Although the benefits are uncertain, use of EVT with stent retrievers may be reasonable for 
carefully selected patients with acute ischemic stroke in whom treatment can be initiated 
(groin puncture) within 6 hours of symptom onset and who have causative occlusion of the 
M2 or M3 portion of the middle cerebral arteries, anterior cerebral arteries, vertebral arteries, 
basilar artery, or posterior cerebral arteries (Class IIb; Level of Evidence C). 

• EVT with stent retrievers may be reasonable for some patients younger than 18 years of age 
with acute ischemic stroke who have demonstrated large vessel occlusion in whom treatment 
can be initiated (groin puncture) within 6 hours of symptom onset, but the benefits are not 
established in this age group (Class IIb; Level of Evidence C). 

• Although the benefits are uncertain, use of EVT with stent retrievers may be reasonable for 
patients with acute ischemic stroke in whom treatment can be initiated (groin puncture) 
within 6 hours of symptom onset and who have a pre-stroke mRS score of more than 1, 
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ASPECTS of less than 6, or a NIHSS score of less than 6 and causative occlusion of the 
ICA or proximal MCA (M1) (Class IIb; Level of Evidence B-R). Additional randomized trial data 
are needed.  

The Heart and Stroke Foundation of Canada provide the following recommendations:6, 56 
• EVT should be offered within a coordinated system of care including: agreements with 

emergency medical services; access to rapid neurovascular (brain and vascular) imaging; 
coordination between the emergency department, stroke team, and radiology; local expertise 
in neurointervention; and access to a stroke unit for ongoing management. 

• EVT is indicated in patients based upon imaging selection with non-contrast computed 
tomography (NCCT) head and CT angiography (CTA) (including extracranial and 
intracranial arteries). 

• Eligible patients who can be treated within 6 hours (that is, groin can be punctured within 6 
hours of symptom onset) should receive EVT. 

o Select patients with disabling stroke presenting between 6 and 12 hours of stroke 
symptom onset (including those with stroke symptoms upon awakening) who meet 
clinical and imaging criteria may be considered for EVT, in accordance with local 
protocols. 

o Time from CT (first slice of the NCCT) to groin puncture should be as fast as 
possible, ideally less than 60 minutes. 

• EVT is indicated in patients who have received IV tPA and those who are not eligible for IV 
tPA. 

• Retrievable stents are recommended as the first-choice endovascular device. 

The National Institute of Clinical Excellence (NICE) also provided the following new 
recommendations in 2016:57 

• Current evidence on the safety and efficacy of mechanical clot retrieval for treating acute 
ischemic stroke is adequate to support the use of this procedure, provided that standard 
arrangements are in place for clinical governance, consent, and audit. 

• Selection of patients for mechanical clot retrieval for treating acute ischemic stroke should 
be done by clinicians experienced in the use of thrombolysis for stroke and in interpretation 
of relevant imaging. The procedure should only be carried out by appropriately trained 
specialists with regular experience in intracranial EVT, with appropriate facilities and 
neuroscience support. 

3.4 Description of Selected Studies 
3.4.1. Literature Search Results 
A comprehensive literature search identified 14,209 citations from electronic databases and 466 
citations from grey literature. From these, 226 full-text articles that appeared to be relevant were 
retrieved. On close examination of the full-text articles, eight SRs/MAs and 29 primary studies met 
the inclusion criteria and were included for further analysis; 189 studies were excluded for various 
reasons (see Appendix T.B). The process used for study selection is illustrated below in Figure T.1. 
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FIGURE T.1: PRISMA flow diagram of study selection 

 

3.4.2. Characteristics of Selected Studies 

SRs/MAs for assessing the overall safety and efficacy of EVT 
One meta-analysis of individual participant data (IPD MA) of RCTs4 and six SRs/MAs of published 
RCTs58-63 met our inclusion criteria and were selected for the assessment of overall safety and 
efficacy of EVT in patients with acute ischemic stroke (for details, see Appendix T.C, Table T.C.1). 
The literature search identified a number of other SRs/MAs that were excluded due to various 
reasons (see Appendix T.B). 

The IPD MA by Goyal et al.,4 published in 2016, included all five 2015 RCTs, which were the 
MR CLEAN, ESCAPE, REVASCAT, SWIFT PRIME, and EXTEND-IA trials, conducted 
between December 2010 and December 2014. By directly accessing all patient data from the five 
trials through the HERMES (Highly Effective Reperfusion evaluated in Multiple Endovascular 
Stroke trials) collaboration, this IPD MA provided pooling results for overall effects as well as for 
subgroups predefined by various patient/clinical factors. 
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All six study-level SRs conducted meta-analyses. Two reviews included only the five 2015 RCTs,58, 63 
whereas the other reviews also included three 2013 RCTs (for a total of eight RCTs), but pooled the 
results separately from the five 2015 RCTs. 

The literature search also identified five HTAs prepared by the EUnetHTA (2016),31 Canadian 
Agency for Drugs and Technologies in Health (CADTH) (2015),64 Health Quality Ontario (2016),65 
BlueCross BlueShield (2015),66 and Adelaide Health Technology Assessment, University of Adelaide, 
and HealthPACT, Australia (2015).67 Most of these HTAs are rapid assessments in nature (that is, 
rapid assessments, rapid response reports, or tech briefs) which did not meet criteria for a systematic 
review. These HTAs provided summaries of evidence from RCTs, but did not assess the impact of 
patient/clinical factors on EVT outcomes. Therefore, these HTAs were not included as key 
information sources to address the two research questions. 

Studies for assessing impact of patient/c li nica l factors on EVT effects 
The IPD MA by Goyal et al.4 and one58 of the six aforementioned SRs/MAs also conducted 
subgroup analyses to assess the impacts of various patient/clinical factors on clinical outcomes of 
EVT. In addition, another SR/MA by Leng et al. specifically examined the impact of patient pre-
treatment collateral status on the safety/efficacy of EVT.68 While all other selected SRs/MAs 
included only RCTs, the review by Leng et al. also included observational studies (see Appendix T.C, 
Table T.C.1).68  

Twenty nine primary studies were selected for the assessment of the impact of patient/clinical 
factors on EVT outcomes (see Appendix T.C, Table T.C.2). These studies took place in Australia,69 
Austria,70 Canada,71 China,72 Finland,73 France,74 Germany,75-78 the Netherlands,79 the Republic of 
Korea,80 Spain,45, 81-83 Switzerland,84 the United States,46, 85-91 and international multi-centres.52, 92-94 

Several studies are post-hoc analyses of previously published RCTs.79, 85, 88, 94 Three studies analyzed 
data from the North American Solitaire Stent-Retriever Acute Stroke (NASA) registry,86, 89, 91 and one 
study analyzed data from the ENDOSTROKE registry.93 The remaining studies are prospective or 
retrospective observational studies. 

3.4.3. Methodological Quality of Selected Studies 
IPD MA 
The methodological quality of the IPD MA by Goyal et al.4 was appraised using the checklist 
recommended by the Cochrane IPD MA working group (see Appendix T.D, Table T.D.1).7 

A major strength of this study is that the authors had full access to all individual patient data from 
the five 2015 RCTs, which allows a thorough verification of the original patient data, and checking 
against published data. 

Major methodological limitations include an unclear description of search strategy (for example, 
whether grey literature was searched), and a lack of information about the quality appraisal of the 
included RCTs. The lead author of this study was contacted for more information, but no response 
has been received to date. 

SR/MAs 
The methodological quality of the selected SRs/MAs was appraised using the AMSTAR tool (see 
Appendix T.D, Table T.D.2). From a total score of 11, two reviews received a ‘high’ quality rating 
(that is, a score between 7 and 11),58, 63 four reviews received a ‘medium’ quality rating (that is, a 
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score between 4 and 6),60-62, 68 and one review received a ‘low’ quality rating (that is, a score between 
0 and 3).59 Most reviews conducted a comprehensive literature search, provided sufficient 
descriptions of study characteristics, performed a quality appraisal of included studies, pooled study 
results using an appropriate approach, and addressed publication bias. None of the reviews provided 
a list (or references) of excluded studies, or presented information regarding the conflict of interest 
declared in the included primary studies. 

The review by Bush et al.,58 published in 2016, received the highest score (9 out of 11) and focused 
on the five 2015 RCTs. In this review, the literature search and study selection (from title/abstract 
screening to full-text article review) were conducted by two investigators independently, and data 
were extracted by three researchers independently using a standardized protocol that is published 
online. This quality SR, along with the IPD MA, was used as the main source of evidence from the 
selected SRs/MAs, with supplemental information taken from the other SRs/MAs. 

Primary studies 
The methodological quality appraisal results of the 29 included primary studies are presented in 
Appendix T.D, Tables T.D.3a to T.D.3d. 

More than half of the 29 included primary studies reported patient selection criteria, and about half 
of the studies included consecutive patients. Only about one third of the studies had a prospective 
design; the majority of the studies were retrospective analyses of previously collected (either 
prospectively or retrospectively) data (such as registries), or post-hoc analyses of previously reported 
RCTs. The majority of studies (25 out of 29) specified and presented potential confounders in their 
design and analyses. All studies except one clearly defined outcome measures, but less than one third 
of studies clearly reported that clinical outcomes (not imaging outcomes) were measured blinded to 
the intervention status. 

3.5 Overall Safety and Efficacy of EVT 
3.5.1. Evidence Base 
One IPD MA4 and six SRs/MAs58-63 that included all five 2015 RCTs were selected to address the 
research question: Is EVT with or without tPA safe and effective, compared to the current standard care including 
IV tPA, in the treatment of adult patients with acute ischemic stroke? 

All five 2015 RCTs focused on adult patients (18 years or older) with acute ischemic stroke in 
anterior circulation and newer generations of mechanical thrombectomy devices (that is, stent 
retrievers). Comparison was the best medical management including IV tPA if not contraindicated. 
Outcomes of interest included all-cause mortality, symptomatic intracranial hemorrhage (sICH), and 
functional status measured by the mRS at 90 days post-EVT.  

Using the Cochrane risk of bias tool, all study-level SRs/MAs found that the methodological quality 
of the five 2015 RCTs was generally high. All five RCTs were rated to have low risk of: selection 
bias (employed appropriate randomization procedures and allocation concealment), detection bias 
(appropriate blinding of outcome assessment), attrition bias (used intention-to-treat analysis to 
address incomplete outcome data), and reporting bias (no selective outcome reporting). However, all 
trials were rated with high risk of performance bias, as none of these trials employed blinding of 
participants due to the nature of the intervention (EVT as a surgical procedure). 
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As described in the selected SRs/MAs, a total of 1,287 patients were included in the five 2015 RCTs, 
with the number of patients enrolled in each trial ranging from 70 to 500. Of the 1,287 patients, 634 
were assigned to the EVT groups; of these 634, 526 (83%) were also treated with IV tPA and 536 
(84.5%) were treated with stent retrievers. Of the 1,287 patients, 653 were assigned to the control 
groups with medical management, and 573 (87.7%) of these received IV tPA. 

According to the IPD MA, in all five RCTs, the most common location of the target occlusion was 
the M1 segment of the MCA, followed by the intracranial internal artery. The median time from 
symptom onset to randomization was 3 hours 16 minutes (IQR 2 hours 22 minutes to 4 hours 27 
minutes). Of 570 patients who were assigned to EVT and had persistent and accessible occlusions at 
the time of catheterization, 402 (71%) achieved successful revascularization (defined as a modified 
Treatment in Cerebral Infarction [mTICI] score between 2b and 3). 

Among the five RCTs, the most commonly reported safety outcome measures were all-cause 
mortality rate within 90 days post-EVT, and sICH. The most commonly reported efficacy outcome 
measures include mRS scores at 90 days post-EVT, and functional independence (that is, a mRS 
score between 0 and 2) at 90 days post-EVT. 

Key similarities among the five 2015 RCTs include the following: 
• confirmation of a proximal vascular occlusion, predominantly with CTA 
• inclusion of severe strokes 
• similar age range 
• fast treatment by a stroke neurology and neurointerventional team with a stent retriever 
• majority (73 to 100%) were treated concurrently with IV tPA, with onset-to-reperfusion 

times within 4 hours and with complete or near complete reperfusion in a large percentage 
of patients 

Among the five trials, the ESCAPE trial, led by the Alberta investigators, had some unique features 
in trial design and conduct.47 This trial ensured consecutive enrollment of patients up to 12 hours 
after symptom onset, in contrast with other trials that only allowed 6- to 8-hour time windows. 
Multi-model imaging was used in all patients enrolled in this trial. The ESCAPE trial aimed to find a 
balance between the speed and extent of imaging assessment by developing a fast and simple 
imaging paradigm: NCCT to exclude the hemorrhage, and multiphase CTA to confirm the presence 
of proximal vessel occlusion and to assess the collateral status. Only patients with good or excellent 
collaterals were included. The use of MRI was discouraged. The trial was discontinued earlier than 
planned due to the demonstrated efficacy. 

Details from the IPD MA and six SRs/MAs of published trials are presented in Appendix T.E. 
Because all these SRs/MAs used information from the same five 2015 RCTs, analysis and synthesis 
of evidence on the overall safety and efficacy of EVT were primarily based on the information 
obtained from the IPD MA4 and the most recent SR/MA with the best quality, by Bush et al.,58 with 
supplemental information from other SRs/MAs wherever needed. 

3.5.2. Safety Outcomes 
Symptoma tic intracrani a l hemorrhage 
Based on the data from all patients included in the five trials, the IPD MA found no significant 
difference in the rates of sICH between the EVT groups (4.4%) and the standard medical care 
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(including IV tPA) groups (4.3%). The adjusted odds ratio (OR) was 1.07 (95% confidence interval 
[CI]: 0.62, 1.84), indicating no statistical significance (see Table T.7). The pooled unadjusted ORs 
(with a 95% CI) were similar in the IPD MA and study-level SRs/MAs (see Table T.7 and Appendix 
T.E, Tables T.E.1 to T.E.3). This finding was consistent across all five RCTs, although the 
definitions for sICH varied across the studies. 

Because between 70 and 100% of patients enrolled in the five RCTs received IV tPA, this result 
seems to suggest that there was no additional risk for sICH when adding EVT to IV tPA in the 
treatment of patients with large vessel occlusions. 

Mortality 
Based on the pooling of all patient data from the five 2015 RCTs, the IPD MA found no significant 
difference in the 90-day mortality rates between the EVT groups (15.3%) and the control groups 
(18.9%). The adjusted OR was 0.73 (95% CI: 0.47, 1.13), indicating no statistical significance (see 
Table T.7). The pooled unadjusted ORs (with a 95% CI) were similar in the IPD MA and study-level 
SRs/MAs (see Table T.7 and Appendix T.E, Tables T.E.1 to T.E.3). 

While there was no difference between EVT and IV tPA in the 90-day mortality rates in the pooled 
results of all five RCTs, in the ESCAPE trial, the mortality rate was significantly lower in the EVT 
group (10.4%) than the standard care group (19%) (P=0.04); the ESCAPE trial was the only trial to 
show mortality reduction following EVT. The main reasons for the success of the ESCAPE trial 
may include: using simple imaging method to select most appropriate patients (with good or 
excellent collaterals); faster speed of workflow, with time intervals achieved less than 60 minutes 
from first CT to groin puncture and less than 90 minutes from first CT to reperfusion; and using a 
newer generation of mechanical thrombectomy device (stent retrievers). 

TABLE T.7: Pooling results for symptomatic intracranial hemorrhage and 
mortality 

Study EVT group Control group Risk 
difference OR [95% CI] Adjusted OR [95% CI] 

sICH 

Goyal et al. 
20164 

4.4% (28/634) 4.3% (28/653) 0.1% 1.07 [0.62, 1.83], 
P=0.81 

1.07 [0.62, 1.84], 
P=0.81 

Bush et al. 
201658 

NA NA NA 1.19 [0.69, 2.05], 
P=0.53 

NA 

All-cause mortality 

Goyal et al. 
20164 

15.3% (97/633) 18.9% (122/646) -3.6% 0.77 [0.54, 1.10], 
P=0.16 

0.73 [0.47, 1.13], 
P=0.16 

Bush et al. 
201658 

NA NA NA 0.78 [0.54, 1.12], 
P=0.1056 

NA 

CI: confidence interval; EVT: endovascular therapy; NA: not available; OR: odds ratio; P: p-value; sICH: symptomatic 
intracranial hemorrhage 
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3.5.3. Efficacy Outcomes 
Functiona l status at 90 days 
In both the IPD MA by Goyal et al.4 and the SR/MA by Bush et al.,58 the analyses of mRS scores at 
90 days post-EVT were conducted in such a way that the adjusted common odds ratios (cORs) were 
derived from ordinal logistic regression models, indicating a favourable shift in mRS score 
distribution (that is, the shift analysis). 

Goyal et al. found that, compared to standard care, EVT was associated with statistically significant 
reduction of disability at 90 days (adjusted cOR 2.49; 95% CI: 1.76, 3.53; P<0.0001) (Table T.8).4 
The number needed to treat (NNT) for one patient to have reduced disability of at least 1 point on 
the mRS was 2.6. For every 100 patients treated with EVT, 38 will have less disability than with 
standard care. 

Bush et al. reported that, overall, patients who received EVT had 2.22 times greater odds of a more 
favourable mRS score at 90 days post-EVT compared to standard care (cOR 2.22; 95% CI: 1.66, 
2.98; P<0.0001) (see Table T.8).58 Other SRs/MAs did not use shift analysis, so no cORs were 
reported (Table T.E.3 in Appendix T.E). 

Functiona l independence at 90 days 
The IPD MA showed that a significantly higher proportion of the EVT population (46.0%) than the 
control population (26.5%) achieved functional independence (defined as a mRS score between 0 
and 2) (adjusted OR 2.71; 95% CI: 2.07, 3.55; P<0.0001) at 90 days (see Table T.8).4 For every 100 
patients treated with EVT, 20 more will achieve functional independence compared with standard 
care. 

Both the IPD MA by Goyal et al.4 and the SR/MA by Bush et al.58 reported similar unadjusted ORs 
for a mRS of 0 to 2 (see Table T.8). Other SRs/MAs reported similar results (see Appendix T.E, 
Table T.E.3). 

TABLE T.8: Pooling results for 90-day mRS 

Study EVT group Control group Risk 
difference OR [95% CI] Adjusted OR 

[95% CI] 

mRS score reduction 

Goyal et al. 
20164 

NA NA NA 2.26* [1.67, 3.06], 
P<0.0001 

2.49* [1.76, 3.53], 
P<0.0001 

Bush et al. 
201658 

NA NA NA 2.22* [1.66, 2.98], 
P<0.0001 

NA 

mRS 0-2 

Goyal et al. 
20164 

46.0% (291/633) 26.5% (171/645) 19.5% 2.35 [1.85, 2.98], 
P<0.0001 

2.71 [2.07, 3.55], 
P<0.0001 

Bush et al. 
201658 

NA NA NA 2.47 [1.92, 3.18], 
P<0.0001 

NA 

*Shift analysis: cOR indicating the odds of improvement of 1 point on the mRS 
CI: confidence interval; cOR: common odds ratio; EVT: endovascular therapy; mRS: modified Rankin Scale; NA: not 
available; OR: odds ratio; P: p-value 
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3.6 Impact of Patient/Clinical Factors on EVT Effects 
3.6.1. Evidence from SRs/MAs 
In the IPD MA, Goyal et al. conducted subgroup analyses for a number of predefined 
patient/clinical variables (factors) including age, gender, baseline NIHSS score, baseline ASPECTS, 
location of vessel occlusion, time from symptom onset to randomization, and use of IV tPA (see 
Appendix T.F, Table T.F.1).4 This meta-analysis did not consider baseline collateral status as a 
variable for subgroup analysis. For the factor of time, this meta-analysis only looked at the time 
interval from symptom onset to randomization; no information was available on other important 
time intervals such as the time interval from symptom onset to groin puncture, or the time interval 
from symptom onset to recanalization/reperfusion. 

Bush et al. conducted subgroup analyses for age, gender, baseline NIHSS score, baseline ASPECTS, 
and use of IV tPA based on the five RCTs (see Appendix T.F, Table T.F.2).58 The impact of time 
intervals from symptom onset to groin puncture and to reperfusion on EVT effect was also 
examined. No subgroup analyses were conducted for pretreatment comorbidity, location of vessel 
occlusion, or baseline collateral status. 

Mortality and symptoma tic intracrani al hemorrhag e 
Goyal et al. found no heterogeneity of treatment effect across the pre-specified subgroups for 
mortality, but rate ratios were rarely significant in any of the subgroups (that is, EVT has no overall 
effect on mortality, as described in section 3.5.2).4 Patients older than 80 years treated with EVT 
showed a slightly reduced risk of death compared to the control group. No results of subgroup 
analyses for mortality were reported in the SR/MA by Bush et al.58  

No results of subgroup analyses for sICH were reported in either the IPD MA by Goyal et al.4 or 
the SR/MA by Bush et al.58 

Functiona l outcomes 
Functional status at 90 days 

As shown in Appendix T.F (Table T.F.1), based on the subgroup analyses for mRS distribution shift 
at 90 days conducted in the IPD MA, there was no evidence of heterogeneity of treatment effect 
across any of the pre-specified variables (age, gender, baseline NIHSS score, baseline ASPECTS, 
location of occlusion, time from onset to randomization, use of IV tPA).4 The direction of effect 
favoured EVT across all strata, although the adjusted cORs for treatment were not statistically 
significant for patients younger than 50 years, for those with a low ASPECTS or NIHSS score, and 
for those with an M2 segment thrombus. In particular, the meta-analysis found that the effect 
favouring EVT was significant in several subgroups of special interest, including patients older than 
80 years, those who were randomized more than 300 minutes after symptom onset, and those who 
were not treated with IV tPA. 

As shown in Appendix T.F (Table T.F.2), based on the subgroup analyses conducted in the SR/MA 
by Bush et al.,58 EVT was associated with better functional outcome across all subgroups without 
evidence of heterogeneity of treatment effect. There were no differences in the association of EVT 
with better functional outcome by age, gender, baseline NIHSS score, baseline ASPECTS, or the use 
of IV tPA. The meta-regression showed that a shorter time from symptom onset to groin puncture 
and to reperfusion resulted in higher efficacy of EVT on functional outcomes. 
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Functional independence at 90 days 

As shown in Appendix T.F (Table T.F.1), Goyal et al. found statistically significant difference in the 
direction and magnitude of EVT treatment effects between the EVT and IV tPA populations in 
each of the predefined subgroups.4 There was no evidence of heterogeneity of treatment effect in 
most of the pre-specified subgroups for achievement of functional independence (a mRS score 
between 0 and 2) at 90 days. However, patients randomized after 300 minutes and patients with 
tandem lesions did not show significant benefit on functional independence after EVT. Older age 
and a higher baseline NIHSS score were positively correlated with a higher mRS score at 90 days 
(that is, more severe functional disability), but the difference between the EVT and standard care 
groups remained constant, suggesting a consistent treatment effect over the entire range of trial 
participants. 
No information was available in the SR/MA by Bush et al. regarding the subgroup analysis 
conducted for functional independence outcome.58  

Evidence for the predefined factors 
Age 

The IPD MA found consistent benefit of EVT in disability (measured via the mRS) across all age 
groups (18 to 49, 50 to 59, 60 to 69, 70 to 79, and 80 and older), although the adjusted cORs for 
treatment were not statistically significant for patients younger than 50 years.4 Although age is not a 
treatment modifier, it remains a strong predictor of final outcome, as this meta-analysis showed that 
older age was positively correlated with a higher mRS score (that is, worse functional status) at 90 
days. Because the age subgroup analysis did not reveal any significant loss of therapeutic benefit of 
EVT over IV tPA at increased age in the recent RCTs, the authors suggested that there is no reason 
to withhold EVT solely on the basis of age. There is currently no evidence to suggest an upper age 
limit of EVT. 

Bush et al. found no difference in the treatment effects favouring EVT between patients younger 
than 70 years and patients 70 years or older.58  

Gender 

Neither the IPD MA by Goyal et al.4 nor the SR/MA by Bush et al.58 found any statistically 
significant difference in treatment effects between male and female patients. 

Co-morbidity 

No subgroup analysis was conducted for co-morbidity in either the IPD MA by Goyal et al.4 or the 
SR/MA by Bush et al.58 

Baseline NIHSS score 

Goyal et al. conducted a subgroup analysis using NIHSS score cut-offs of 10 or less, 11 to 15, 16 to 
20, and 21 or more.4 The SR/MA by Bush et al. conducted a subgroup analysis using NIHSS score 
cut-offs of less than 17 and 17 or more.58 Neither study found any statistically significant difference 
in treatment effects between patients with lower and higher baseline NIHSS scores. Baseline NIHSS 
scores were positively correlated with higher mRS scores (that is, worse functional status) at 90 days. 
There is still relative uncertainty on how to proceed with patients that present with very low NIHSS 
scores (that is, 5 or less), since most trials excluded such patients.  
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Baseline ASPECTS 

Subgroup analyses by Goyal et al. using ASPECTS cut-offs of 0 to 5, 6 to 8, and 9 to 10 revealed 
that the direction of effect favoured EVT across all strata, although the adjusted cORs was not 
significant for patients with a low ASPECTS (that is, 0 to 5).4 

Subgroup analysis by Bush et al. using ASPECTS cut-offs of 0 to 7 and 8 to 10 did not show any 
statistically significant difference in treatment effects between patients with lower and higher 
baseline ASPECTS.58 Most of the five RCTs used the ASPECTS to determine the extent of early 
infarct core in the MCA territory on plain CT imaging, and these trials included only patients with 
small baseline infarct cores, namely an ASPECTS of 6 to 10 in the ESCAPE and SWIFT PRIME 
trials, and of 7 to 10 in the REVASCAT trial. The MR CLEAN trial did not exclude patients with 
larger infarct cores; however, the number of patients in this subgroup was particularly small (only 
5.6% of total participants).  

Location of vessel occlusion 

All five 2015 RCTs required vascular imaging (CTA or MRA) to select a relevant proximal large 
vessel occlusion in the anterior circulation (that is, MCA M1 or terminal ICA occlusion) for study 
inclusion. The IPD MA reported that the direction of effect favoured EVT across subgroups of 
patients with occlusion in the ICA, MCA M1, or MCA M2, although the adjusted cORs for 
treatment were not significant for patients with an M2 segment thrombus.4  

Baseline collateral status 

Neither the IPD MA by Goyal et al.4 nor the SR/MA by Bush et al.58 included baseline collateral 
status as a patient factor in their subgroup analyses. One SR/MA by Leng et al. specifically evaluated 
the impact of baseline collaterals on EVT effects.68 This review included a total of 35 primary 
studies, but performed a meta-analysis of 23 studies that reported correlations between collaterals 
and outcomes. The 23 studies, published between 2008 and 2015, are primarily retrospective 
observational studies and published in English. By using the Newcastle-Ottawa Scale (NOS) quality 
appraisal tools for cohort studies, 22 of 23 studies received a NOS score of 6 or above, indicating 
good methodological quality. 

The reported methods used to evaluate collateral status varied considerably across the 23 studies (see 
Appendix T.F, Table T.F.3). Different methods were used in these studies to assess baseline 
collateral status, with the American Society of Interventional and Therapeutic Neuroradiology 
(ASITN)/Society of Interventional Radiology (SIR) collateral flow grading system (0 to 4) by digital 
subtraction angiography being the most common (9 studies) (see section 3.2.2 for more details). 

The meta-analysis of 23 studies showed that good pre-treatment collateral status was associated with 
statistically significantly higher rates of favourable 3-month functional outcome (that is, measured 
via the mRS) and lower rates of peri-procedural sICH and 3-month mortality in patients with acute 
ischemic stroke who received EVT. Sensitivity analysis showed that no individual study could alter 
the estimate of overall effect of collateral status; however, there were significant heterogeneities 
between subgroups of studies with different modes of EVT and different collateral grading systems. 
Studies using the ASITN/SIR collateral grading system by digital subtraction angiography showed 
homogenous effects of collateral status on the 3-month functional outcome. According to the 
authors, these findings do not indicate that patients with poor collateral flow should not receive 
EVT. 
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Time 

The SR/MA by Bush et al. reported that, among the five RCTs, the median time from symptom 
onset to groin puncture ranged from 200 to 269 minutes, and the median time from symptom onset 
to reperfusion ranged from 241 to 355 minutes.58 This review also revealed a significant inverse 
association of both median time from symptom onset to groin puncture (P=0.0077) and median 
time from symptom onset to reperfusion (P=0.0089) with better functional outcomes. 

Subgroup analysis in the IPD MA showed that treatment effects (90-day mRS score and a mRS 
score between 0 and 2) favoured EVT in patients who were randomized less than 5 hours or more 
than 5 hours after symptom onset, although it did not reach statistical significance in patients 
randomized more than 5 hours after symptom onset for a 90-day mRS score between 0 and 2.4  

Transportation method 

No studies reported on the impact of different transportation methods (that is, mothership or drip-
and-ship). 

Use of IV tPA 

Both the IPD MA by Goyal et al.4 and the SR/MA by Bush et al.58 reported that effects favouring 
EVT were significant for patients who did or did not receive IV tPA. Notably, the subgroups 
without IV tPA were smaller (188 without IV tPA versus 1,090 with IV tPA), and these subgroups 
are subject to selection bias due to inclusion/exclusion criteria for IV tPA. 

3.6.2. Evidence from Selected Primary Studies 
Twenty nine primary studies that assessed the impact of various patient/clinical factors were 
selected for analysis. The factors examined in these studies included age,46, 70, 74, 75, 81, 86, 93 baseline 
comorbidity,94 baseline ASPECT,80 location of vessel occlusion,73 baseline collateral status,79, 82, 88 use 
of IV tPA,77, 84 time intervals,52, 69, 71, 92 transportation,45, 76, 78, 87 and multiple factors.72, 83, 85, 89-91 None of 
the included studies specifically assessed the impact of gender or baseline NIHSS score on EVT 
outcomes; however, some studies that assessed multiple variables included these two factors. 

Age 
Of the seven observational studies, the total number of included patients ranged from 125 to 362. 
Notably, in these studies, patients categorized into the older age groups (that is, 80 years and older) 
were much smaller than patients categorized into the younger age groups (under 80 years), with 
ratios ranging from 1:2 to 1:5 (see Appendix T.F, Tables T.F.4). 

Five studies used 80 years as the age cut-off to define subgroups (see Appendix T.F, Table  
T.F.4).46, 70, 75, 81, 86 There were no statistically significant differences between the subgroups in terms 
of baseline NIHSS score, prior use of IV tPA, time from symptom onset to 
recanalization/reperfusion, or rates of successful recanalization (defined by a Thrombolysis In 
Cerebral Infarction [TICI] score of 2b/3). Four of the five studies reported pretreatment 
comorbidities between older and younger groups.46, 70, 81, 86 All four studies showed higher rates of 
atrial fibrillation, lower rates of smoking in older patients (that is, 80 years or older) compared to the 
younger patients (under 80 years), but no statistically significant differences in hypertension between 
the groups. Three of the four studies found no difference in diabetes, coronary artery disease, or 
hyperlipidemia. 
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None of the five studies showed any differences in rates of sICH between patients younger or older 
than 80 years. Four of the five studies showed statistically significantly higher mortality rates and 
lower rates of 90-day functional independence in patients 80 years and older. 

Two studies grouped patients into several age categories (see Appendix T.F, Table T.F.4).74, 93 The 
RECOST (“Rescue, combined, and stand-alone thrombectomy”) study grouped patients into five 
age categories: under 50 years, 50 to 59 years, 60 to 69 years, 70 to 79 years, and 80 years and over.74 
This study revealed a clear trend of increased mean mRS scores, a reduced proportion of functional 
independence (a mRS score between 0 and 2), and an increased proportion of mortality depending 
on age, with a cut-off at 70 years. Patients younger than 70 years were found to benefit the most 
from EVT in anterior circulation stroke; 62% of patients achieved a mRS score between 0 and 2 
with less than 10% mortality. For patients older than 70 years, only 19 to 26% of patients achieved a 
mRS score between 0 and 2, with increased mortality rates between 26 and 35%. 

Singer et al., in their analysis of data of 362 patients from the ENDOSTROKE registry, showed that 
clinical outcomes are highly dependent on patients’ age: functional independence was achieved in 
60% of patients aged 18 to 56 years, in 47% aged 57 to 68 years, in 37% aged 69 to 76 years, and in 
17% aged 77 to 94 years.93  

Gender 
None of the included 29 primary studies specifically assessed the impact of gender on EVT 
outcomes. 

Comorbidi ti es 
One study assessed the impact of pretreatment comorbidity (high glucose level) on EVT effects in 
143 patients with acute ischemic stroke (see Appendix T.F, Table T.F.5).94 Among patients 
undergoing EVT, those with hyperglycemia (that is, a blood glucose level higher than 140 mg/dL) 
significantly less frequently achieved an excellent functional outcome (a mRS score between 0 and 1) 
at 90 days post-EVT compared to patients without hyperglycemia (13% versus 34%, P=0.01); 
hyperglycemia was independently associated with worse outcome at 90 days, and the negative effects 
of hyperglycemia may have been exacerbated in patients with incomplete reperfusion after EVT. 
Among patients with incomplete reperfusion, after adjustment for covariates, higher glucose levels 
were independently associated with worse outcome at 90 days. In contrast, among patients with 
complete reperfusion, differences in their presenting glucose level by final outcome did not reach 
statistical significance. Based on multivariate analysis, hyperglycemia was independently associated 
with a disabled outcome at 90 days (OR 0.22; 95% CI: 0.06, 0.82; P=0.02). The rates of death, sICH, 
and any other intracranial hemorrhage did not differ between patients with and without 
hyperglycemia. 

Baseline NIHSS score 
None of the included 29 primary studies specifically assessed the impact of baseline NIHSS score on 
EVT outcomes. 

Baseline ASPECTS 
One study assessed the impact of baseline ASPECTS on EVT effects in 171 patients with acute 
ischemic stroke (see Appendix T.F, Table T.F.6).80 Comparing patients with a baseline ASPECTS of 
7 or more to patients with a baseline ASPECTS of 6 or less, there were no statistically significant 
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differences between the two groups in the rates of having a mRS score between 0 and 2 at 90 days, 
90-day mortality, or sICH. 

Location of vessel occlusion 
One study examined the impact of the location of the vessel occlusion on EVT effects in 105 
patients with acute ischemic stroke (see Appendix T.F, Table T.F.7).73 The study found that there 
were no statistically significant differences in the technical or clinical outcomes (mRS score between 
0 and 2 at 90 days, mortality, sICH) between different locations of the vessel occlusion in anterior 
circulation (ICA, MCA M1, or MCA M2), despite significantly larger thrombus burden and worse 
collateral circulation in the more proximal sites. There was a trend towards achieving excellent 
clinical outcome (that is, a mRS score between 0 and 1 at 90 days) more often and better 
recanalization results in the two more proximal vessel occlusion locations.  

Baseline collate ra l status 
Of the three included studies that examined the impact of baseline collateral status on clinical 
outcomes, two studies are post-hoc analyses of RCTs (see Appendix T.F, Table T.F.8a),79, 88 and one 
study is a single arm cohort study82 (see Appendix T.F, Table T.F.8b). 

Berkhemer et al. conducted a post-hoc analysis of 493 patients with acute ischemic stroke in the MR 
CLEAN trial to examine whether baseline collateral status modifies the effect of EVT.79 CTA with a 
4-point scale was used to determine the collateral status (0 to 3 indicating absent to good), but the 
CTA protocol varied in the participating centres. Note that in 248 of the 493 assessments of 
collateral status, there was no agreement between the first two observers, and a third assessment was 
necessary. There was no difference found in time from onset to recanalization across the 4 collateral 
grade groups, but there were differences found in age (P=0.012), gender (P=0.031), baseline NIHSS 
score (P<0.001), diabetes (P=0.032), hyperlipidemia (P=0.016), and baseline ASPECTS (P=0.018). 
The study found a significant modification of treatment effect by baseline collaterals; the strongest 
benefit (adjusted cOR 3.2; 95% CI: 1.7, 6.2 for mRS score) was found in patients with good 
collaterals (grade 3), and no modification effect (adjusted cOR 1.0; 95% CI 0.1, 8.7 for mRS score) 
was found in patients with absent collaterals (grade 0). 

Liebeskind et al. conducted a post-hoc analysis of the SWIFT trial to examine whether early arrival 
at the emergency department is associated with better collaterals, smaller established infarcts, and 
better clinical outcomes.88 The ASITN/SIR scale (see Table T.2) was used to evaluate the baseline 
collateral status in 137 patients with acute ischemic stroke (see Appendix T.F, Table T.F.9). The 
study found that worse collaterals were noted with longer onset-to-door time, with a mean onset-to-
door time of 232±84 minutes, 164±99 minutes, 155±104 minutes, and 54±6 minutes for patients 
with collateral grade 0 to 1, 2, 3, and 4, respectively. Later presentation at emergency department was 
associated with more extensive early infarct imaging changes determined by ASPECTS. Early 
emergency department presentation was strongly associated with a better mRS score at 90 days 
(P<0.001). 

In a single arm cohort study of 150 consecutive patients with successful recanalization, Espinosa de 
Rueda et al. examined whether baseline collaterals and other imaging parameters were associated 
with futile recanalization after EVT.82 Fifty-seven percent of the patients had futile recanalization, 
defined as a mRS score greater than 2 at 90 days post-EVT despite successful recanalization. 
Baseline collaterals were determined by CTA and were categorized into poor (50% or less MCA 
territory) and good (more than 50% MCA territory) grading. The study found that the proportions 
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of poor collaterals were significantly higher in patients with a mRS score between 3 and 6 (41.9%) 
compared to patients with a mRS score between 0 and 2 (41.9% versus 3.1%, P<0.001) (see 
Appendix T.F, Table T.F.8b). In multivariate analyses, poor baseline collaterals, among several other 
imaging parameters, were independent predictors of futile recanalization (OR 8.6; 95% CI: 1.8, 41.7; 
P=0.007). 

Use of IV tPA 
Two studies assessed the impact of the concurrent use of IV tPA on EVT effects (see Appendix 
T.F, Table T.F.9).77, 84  

Broeg-Morvay et al. included 196 patients with acute ischemic stroke.84 When comparing 156 
patients who received both IV tPA and EVT with 40 patients who received EVT alone, no 
differences were found in the rates of: mRS scores between 0 and 1 and between 0 and 2 at 90 days, 
mortality, or sICH. However, a multivariate matching analysis (a major strength of this study) 
between 40 patients who received both IV tPA and EVT and 40 patients who had no 
contraindications to IV tPA but only received EVT5 found lower mortality rates with EVT only 
(47.5% versus 20%, P=0.007); no differences were found in sICH or mRS scores between 0 and 1 
and between 0 and 2 at 90 days. The authors concluded that direct EVT may be equally effective 
compared with the combination of IV tPA and EVT. However, caution needs to be exercised in 
interpreting these results given the limitations of this study, such as its retrospective observational 
design, relatively small number of matched pairs, and potential selection bias. 

Weber et al. reported similar results.77 In 250 consecutive patients, there were no statistically 
significant differences found between patients who received EVT only (n=145) and patients who 
received both IV tPA and EVT (n=105) in terms of mortality, sICH, or mRS scores between 0 and 
2 at 90 days. In addition, among the 145 patients who received EVT only, there were no differences 
found between 70 patients without contraindication for IV tPA and 75 patients with 
contraindication for IV tPA in recanalization rates and all other clinical outcomes. 

Time 
Four studies examined the impact of time on EVT effects.52, 69, 71, 92  

Sheth et al. analyzed data from the SWIFT trial (a multi-centre, randomized, parallel group trial) and 
the STAR trial (an international prospective multicentre single arm study), and included only patients 
who achieved successful recanalization/reperfusion for anterior circulation occlusions.92 A total of 
202 patients were categorized into three groups based on time from onset to recanalization (see 
Appendix T.F, Table T.F.10a). There were statistically significant differences in time from onset to 
groin puncture and from onset to recanalization among the three groups. The study found that 
functional outcomes (mRS score, mRS score between 0 and 1, and mRS score between 0 and 2 at 90 
days) were best with treatment in the 2- to 4-hour windows, intermediate with treatment in the 4- to 
6-hour window, and least good with treatment in the 6- to 11-hour window. Of 54 patients who 
achieved onset to recanalization in the 2- to 4-hour window, 69% achieved a mRS score between 0 
and 1 and 81% achieved a mRS score between 0 and 2, with a mean mRS score of 1.4. There were 
no statistically significant differences between the three groups in the rates of sICH or in-hospital 
mortality. 

5 The main reason for patients who were not contraindicated to IV tPA but did not receive it was 
suspicion of large thrombus burden or major vessel occlusion. 
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Menon et al. analyzed data from the STAR trial, which involved 14 clinical centres in Europe, 
Canada, and Australia.52 The study included 202 patients and found that each 1-hour increase in time 
from symptom onset to final digital subtraction angiography (or to recanalization) decreased the 
odds of a good clinical outcome (defined as a mRS score between 0 and 2) by 38%, even after 
adjusting for reperfusion status, age, baseline NIHSS score, ASPECTS score on baseline NCCT, and 
other relevant baseline characteristics (see Appendix T.F, Table T.F.10b). 

In a Canadian study, Almekhlafi et al. analyzed data from a single-centre, longitudinal database to 
examine the impact of EVT on clinical outcomes when performed during regular working hours 
versus during evenings/weekends.71 A total of 110 patients were categorized into two groups: 
working hours (n=54) and evenings/weekends (n=56). Except for current smoking and atrial 
fibrillation, no statistically significant differences were found between the two groups in baseline 
characteristics, including age, hypertension, diabetes, baseline NIHSS score, occlusion location, and 
proportion treated with IV tPA. The authors noted delays during evenings/weekends in the median 
imaging-to-puncture time (19-minute difference, P=0.004) and imaging-to-reperfusion time  
(21-minute difference, P=0.019). However, there were no statistically significant differences in the 
median door-to-reperfusion time and time from onset to reperfusion in patients treated during 
working hours versus during evenings/weekends. The study found no significant differences in 
clinical outcomes in terms of the proportion of mRS scores between 0 and 2 at 90 days, in-hospital 
mortality, and sICH (see Appendix T.F, Table T.F.10a). 
In another single-centre observational study, He et al. analyzed data of 107 patients with acute 
anterior circulation stroke and found that the median time from symptom onset to 
recanalization/reperfusion was significantly longer in patients with poor functional outcome (a mRS 
score between 3 and 6) than in patients with good functional outcome (a mRS score between 0 and 
1) (see Appendix T.F, Table T.F.10b).69 

Using multivariable logistic regression analyses, three of the four studies demonstrated that delays in 
time from onset to recanalization/reperfusion were associated with increased risk of poor clinical 
outcomes (Table T.9). 

TABLE T.9: Overall findings of the impact of time on EVT effects 

Study No. of 
patients Time interval Findings 

Sheth et al. 
201592  

202 Onset to recanalization For every 5-minute delay in endovascular reperfusion, 1 
of 100 patients had a worse disability outcome. 
For every 15-minute acceleration of OTR, 34 per 1000 
patients had improved disability outcome. 

Menon et al. 
201452 

202 Onset to final DSA run (or 
onset to recanalization) 

For each 1-hour increase in symptom onset to final DSA 
time (or a TICI score of 2b/3), the odds of good clinical 
outcome decreased by 38%. 

He et al. 
201569 

107 Onset to recanalization For every 15-minute delay in recanalization by EVT, the 
odds of good clinical outcome decreased by 10%. 

DSA digital subtraction angiography; OTR: onset to recanalization/reperfusion; TlCl: Thrombolysis In Cerebral 
Infarction 
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Transporta ti on method 
Four studies assessed the impact of patient transportation methods on EVT effects45, 76, 78, 87 (see 
Appendix T.F, Table T.F.11).  

Weber et al. included 643 patients from 17 clinical centres; 300 patients were not transferred from 
other hospitals (the “mothership” method) and 343 were transferred (the “drip-and-ship” method).76 
Time from onset to groin puncture, time from initial CT to groin puncture, and time from onset to 
recanalization were significantly shorter in the mothership group compared to the drip-and-ship 
group. The 90-day mortality rate was slightly higher in the drip-and-ship group (24.1%) than in the 
mothership group (21.9%), and the proportion of mRS scores between 0 and 2 at 90 days was 
slightly higher in the mothership group (44%) than the drip-and-ship group (35.7%). However, these 
differences did not reach statistical significance. 

Lecinana et al. included 201 patients with acute ischemic stroke who received EVT; 94 patients were 
not transferred (mothership) and 107 were transferred (drip-and-ship).45 The time window for EVT 
was 8 hours from onset for anterior stroke, and 24 hours from onset for posterior stroke. At the 3-
month follow-up, mortality was 11% and functional independence (a mRS score between 0 and 2) 
was 58% among patients treated with EVT. Although time from onset to groin puncture and time 
from onset to recanalization were statistically significantly shorter with mothership patients than 
drip-and-ship patients, there was no statistically significant differences between the two groups in 
mortality (11% versus 12%), proportion of mRS scores between 0 and 2 (58% versus 56%), or sICH 
(3% in both groups). 

Pfaff et al. included 112 patients; 74 patients were not transferred (mothership), 20 were transferred 
from a local hospital (drip-and-ship 1), and 18 were transferred from a regional hospital (drip-and-
ship 2).78 Travel distances from local hospitals were significantly shorter than from regional hospitals 
(median 22.7 kilometres versus 74.2 kilometres, P<0.001). Time from onset to groin puncture and 
time from initial CT to groin puncture were significantly shorter in the mothership group than the 
drip-and-ship groups, but there was no significant difference between drip-and-ship 1 and drip-and-
ship 2. Despite these differences, the proportions of mRS scores between 0 and 2 at 90 days did not 
significantly differ between the three groups. According to the authors, selection bias could partially 
explain the results as the referred patients tended to be younger and had lower rates of hypertension 
and coronary disease, which could impact patient outcomes. 

Chung-Huan Sun et al. included 193 patients; 61 patients were not transferred (mothership) and 132 
were transferred (drip-and-ship).87 There were no statistically significant differences for most 
baseline patient characteristics, except for hypertension (84% in the mothership group versus 69% 
in the drip-and-ship group, P=0.03) and favourable ASPECTS of more than 7 (76% in the 
mothership group versus 50% in the drip-and-ship group, P<0.01). Substantial delays occurred 
during the transfer process; imaging-to-puncture times were prolonged by 2 hours compared with 
the time of the local cohort, which was associated with a 22% absolute lower probability of a good 
outcome (a mRS score between 0 and 2 at 90 days). The multivariable analysis revealed that every 
10-minute delay in imaging-to-puncture times correlates to a 6% relative lower probability of 
achieving a good outcome; this translates into one fewer good outcome per every five patients 
transferred from outside facilities. Obtaining advanced imaging resulted in a 57-minute delay in 
decision-making, without substantial benefits in patient outcome. 
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Multiple variable s 
Six studies assessed the impact of multiple variables on EVT effects.72, 83, 85, 89-91  

In an observational study, Abilleira et al. analyzed data of 536 patients from a multicentre-registry in 
Spain; 285 of the patients had previously received IV tPA.83 Overall, revascularization was achieved 
in 73.9% of the patients, 5.6% developed sICH, 43.3% achieved good functional outcome, and 
22.2% died within 90 days. Adjusted comparisons by subgroup systematically favoured 
revascularization (a lower proportion of sICH and mortality rates, and a higher proportion of good 
outcome) (see Appendix T.F, Table T.F.12a). Multivariate analyses confirmed the independent 
protective effect of revascularization. In addition, an age of over 80 years, stroke severity, and 
hypertension predicted poor functional outcome, while the presence of atrial fibrillation and a time 
from onset to groin puncture within 6 hours or less predicted good functional outcome. Anterior 
circulation strokes (protective), hypertension (deleterious), and lack of previous disability (protective) 
independently predicted mortality. 

Two studies from Linfante et al. specifically analyzed data of 234 patients from the North American 
Solitaire Stent Retriever Acute Stroke (NASA) registry who had achieved successful recanalization, 
to identify predictors of functional outcome89 and mortality91 (see Appendix T.F, Table T.F.12b). 
Multivariable analysis indicated that an age of 80 years or over, an ICA/basilar occlusion site, a 
baseline NIHSS score of 18 or more, diabetes, and no use of IV tPA were significant independent 
predictors of poor 90-day functional outcome (a mRS score between 3 and 6).89 In the multivariate 
model with good predictive power, proximal occlusion and a baseline NIHSS score of 18 or more 
remained significant independent predictors of 90-day mortality.91 

Shi et al. analyzed data of 228 patients from the TREVO and MERCI trials.72 Since older devices 
were used in the MERCI trial, only information regarding 109 patients from the TREVO trial is 
reported here (see Appendix T.F, Table T.F.12c). Age, baseline NIHSS score, and time from 
symptom onset to groin puncture were predictors of functional dependence (a mRS score between 3 
and 6), despite successful revascularization. A symptom onset-to-reperfusion time beyond 5 hours 
was associated with functional dependence. 

Raychev et al. analyzed the SWIFT trial, focusing on the factors that predict various subtypes of 
intracranial hemorrhage.85 Of the multiple variables included (age, gender, hypertension, diabetes, 
hyperlipidemia, atrial fibrillation, baseline NIHSS score, baseline ASPECTS, time to treatment, and 
time to recanalization), baseline NIHSS score was found to be an independent predictor of sICH. 

Mokin et al. analyzed 100 patients with posterior circulation stroke.90 Ninety-day functional 
independence was achieved in 35% of the patients. Of all the variables included in this analysis, 
times from onset to treatment initiation and onset to recanalization were significantly associated with 
90-day functional independence (see Appendix T.F, Table T.F.12c). In addition, this study found 
that none of the baseline advanced imaging modalities (that is, MRI, CTP, CTA assessment of 
collaterals) showed superiority in selecting patients for EVT. 

3.7 Ongoing Clinical Trials 
Currently, several ongoing RCTs are being undertaken to examine the safety and clinical efficacy in 
patients with acute ischemic stroke; these trials differ in the study objectives, participant 
characteristics, and devices used for EVT. 
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The purpose of the THERAPY trial (“The randomized, concurrent controlled trial to assess the 
Penumbra System’s safety and effectiveness in the treatment of acute stroke”) is to assess the safety 
and effectiveness of the Penumbra System as an adjunctive treatment within 6 hours of symptom 
onset to IV tPA administration in patients with acute ischemic stroke from large vessel occlusion in 
the brain. The hypothesis being tested is to determine if the addition of mechanical thrombectomy 
using the Penumbra System can improve the clinical outcome of the patient over using IV tPA alone 
(clinicaltrials.gov/ct2/show/NCT01429350?term=NCT01429350&rank=1). 

The primary objective of the THRACE trial (“Trial and cost effectiveness evaluation of intra-arterial 
thrombectomy in acute ischemic stroke”) is to determine whether a combined approach of IV tPA 
(within 4 hours of symptom onset) and mechanical thrombectomy (within 6 hours of symptom 
onset) is superior to the standard treatment of IV tPA alone in patients with occlusion of proximal 
cerebral arteries and with a neurological impairment accident (NIHSS score of 10 or more). The 
second objective of the trial is to determine the cost-effectiveness of this procedure compared to the 
standard care (IV tPA) (clinicaltrials.gov/ct2/show/NCT01062698?term=NCT01062698&rank=1). 

Both the THERAPY and THRACE trials were halted, and the preliminary results presented showed 
a strong trend for benefit with their respective interventions.95 

The intent of the DAWN trial (“Diffusion weighted imaging [DWI] or computerized tomography 
perfusion [CTP] assessment with clinical mismatch in the triage of wake up and late presenting 
strokes undergoing neurointervention”) is to support the use of the Trevo Retriever beyond the 
currently labelled 8-hour indicated time limit in wake-up, unclear onset, and late-presenting ischemic 
stroke subjects who currently have no other option besides medical management of their symptoms. 
The trial is expected to be completed in July 2017 (clinicaltrials.gov/ct2/show/NCT02142283). 

The primary objective of the POSITIVE trial (“Perfusion imaging selection of ischemic stroke 
patients for endovascular therapy”) is to show that acute ischemic stroke patients (with appropriate 
image selection) who are ineligible for or refractory to treatment with IV tPA, when treated with 
mechanical thrombectomy within 6 to12 hours of symptom onset, have less stroke-related disability 
and improved good functional outcome compared to those treated with the best medical therapy 
with respect to a number of predefined endpoints (clinicaltrials.gov/ct2/show/NCT01852201). 

The purpose of the RACECAT trial (“A trial comparing transfer to the closest local stroke center vs. 
direct transfer to endovascular stroke center of acute stroke patients with suspected large vessel 
occlusion in the Catalan Territory”) is to evaluate the hypothesis that direct transfer to a 
comprehensive stroke centre (CSC), compared to transfer to the closest primary stroke centre (PSC), 
offers a better outcome in the distribution of mRS scores at 90 days in acute ischemic stroke patients 
with clinically suspected large vessel occlusion as identified by emergency medical services 
(clinicaltrials.gov/ct2/show/NCT02795962). 

3.8 Discussion 
3.8.1. Overall Safety and Efficacy of EVT 

Methodologica l issues 
Systematic reviews/meta-analyses of the five 2015 RCTs were the primary evidence base for the 
overall safety and efficacy of EVT in the treatment of acute ischemic stroke. The meta-analysis by 
Goyal et al.4 of original individual patient data from the five 2015 RCTs provided more precise 
estimates of the clinical effects of EVT. All selected study-level systematic reviews/meta-analyses 
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used the Cochrane risk of bias tool to appraise the methodological quality of all five trials, and found 
their quality to generally be high; all trials were rated to have low risk of selection bias, detection 
bias, attrition bias, and reporting bias; however, all trials were rated to have high risk of performance 
bias because of the lack of blinding of patients to the intervention (surgical procedure), which could 
affect the assessment of clinical outcomes (particularly functional outcomes). 

Main finding s 
Both the individual- and study-level meta-analyses of the five 2015 RCTs demonstrated the 
following: 

• In adult patients with large anterior vessel occlusion, compared to standard care (including 
IV tPA, if not contraindicated), EVT with mechanical thrombectomy primarily using stent 
retrievers (with the majority of patients also receiving IV tPA) was associated with significant 
improvement of 90-day functional outcomes (measured by mRS scores) and higher rates of 
90-day functional independence (defined as a mRS score between 0 and 2). 

• There were no significant differences in the 90-day all-cause mortality rates between the 
EVT and standard care groups. 

• There were no significant differences in the sICH rates between the EVT and standard care 
groups. 

• Some of the following key elements may have contributed to successful revascularization 
with EVT to achieve good functional outcomes:  

o Rapid neurovascular imaging is critical to identify the eligible patient. 
o The use of stent retrievers is shown to be safe and effective. 
o Time from symptom onset to treatment initiation is critical; in all trials, patients were 

randomized within 12 hours after symptom onset, with the median time from 
symptom onset to groin puncture time being less than 4.5 hours and time from 
symptom onset to recanalization being less than 6 hours. 

o IV tPA was used concurrently in the majority of trial participants. 

3.8.2. Impact of Patient/Clinical Factors on EVT Effects 

Methodologica l issues 
Subgroup analyses 

Subgroup analyses of some predefined variables (such as age, gender, baseline NIHSS score, baseline 
ASPECTS, and time from symptom onset to randomization) were conducted in the IPD MA, 
SR/MA by Bush et al., and four of the five 2015 RCTs. Limitations associated with subgroup 
analyses need to be taken into consideration when interpreting results from subgroup analyses. 

To assess the consistency of the treatment effect across subgroups, a statistical model including 
interaction term(s) is commonly used. However, clinical trials are rarely powered to detect 
statistically significant interactions; results of such tests might provide a false sense of consistency.96 
In particular, there was usually imbalance in the number of patients in each subgroup (for example, 
80% of patients under 80 years of age versus 20% of patients 80 years and older). Therefore, unless 
the study has been specifically powered to detect interactions, lack of statistical significance for 
interaction tests should not be interpreted as an actual lack of differential effects.97 
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Subgroup analyses should be restricted to those proposed in advance of any data analysis, based on 
clinical interest and previous findings to avoid data dredging.97 There are a number of post-hoc 
analyses of previously published RCTs and retrospective observational studies. The findings from 
these subgroup analyses should not be over-emphasized. 

Based on patient eligibility criteria in individual trials, some patient subgroups of interest (for 
example, patients over 80 years, poor collaterals, distal occlusion or posterior circulation) may be 
excluded from the outset of a trial. For example, the SWIFT PRIME and REVASCAT trials 
excluded patients older than 80 years, the ESCAPE trial excluded patients with poor baseline 
collaterals, and all five 2015 RCTs excluded posterior circulation stroke; there was therefore no 
opportunity to compare some subgroups of clinical importance in these trials. 

Meta-analysis of individual patient data 

Uncertainty remains about the benefit of EVT in patients groups that were collectively under-
represented in the five 2015 RCTs, including those who presented to treatment late, were elderly, 
had mild deficits, or were not eligible for IV tPA; the numbers of such patients were usually much 
smaller than their counterparts in the individual trials. As most of the five 2015 RCTs were stopped 
prematurely, they were underpowered to provide convincing evidence of efficacy across some of the 
subgroups of great relevance to clinical practice.4 Furthermore, study-level meta-analyses may result 
in less precise estimates of treatment effects, due to their inability to adjust confounding baseline 
variables. Therefore, data pooling from all trial participants can provide more precise estimates of 
treatment effects. 

The IPD MA of all five 2015 RCTs by Goyal et al. provided the highest level of evidence on both 
overall safety/efficacy of EVT and the impact of various patient/clinical factors on the EVT effects 
by addressing aforementioned limitations with single trial or study-level meta-analyses.4 However, 
this study was not without its limitations (see Appendix T.D, Table T.D.1), which should be taken 
into account when interpreting results from this study. 

Outcome measures 

The mRS is the most widely accepted and objective tool to measure post-stroke functional outcome 
with scores ranging from 0 (fully independent without deficit) to 6 (death); excellent, good, and poor 
functional outcomes are defined as scores between 0 and 1, between 0 and 2, and between 3 and 6, 
respectively.98 However, this scale does not take into account any pre-existing disability, nor does it 
account for cognitive or quality-of-life aspects of patient outcomes.15 In addressing limitations with 
the use of dichotomous mRS categories (such as 0 to 2 versus 3 to 6), shift analysis method has been 
introduced, which accounts for the magnitude of reduction of disability (shift) across different mRS 
strata and considers an intervention as superior to a comparator when it successfully shifts the 
disability over the entire range, regardless of any difference in the proportion of patients who 
achieved a mRS score between 0 and 2.15 

In both the IPD MA by Goyal et al.4 and the SR/MA by Bush et al.,58 shift analysis of mRS was 
conducted in such a way that adjusted cORs were derived from ordinal logistic regression models, 
indicating a favourable shift in mRS score distribution. Other SRs/MAs only used the proportion of 
patients who achieved a mRS score between 0 and 2 as a functional outcome measure. 
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Main finding s from SRs/MAs 
The IPD MA by Goyal et al. demonstrated the following (note that baseline collateral status was not 
analyzed in this study):4  

• For mRS distribution shift at 90 days post-EVT, there was no evidence of heterogeneity of 
treatment effect across any of the pre-specified variables (age, gender, baseline NIHSS score, 
baseline ASPECTS, location of occlusion, time from onset to randomization, and the use of 
IV tPA). 

• The direction of effect favoured EVT across all strata, although the adjusted cORs for 
treatment were not statistically significant for patients younger than 50 years, those with a 
low ASPECTS or NIHSS score, or those with a MCA M2 segment thrombus. 

• Treatment effects favouring EVT were significant in several subgroups of special interest, 
including patients older than 80 years, those who were randomized more than 5 hours after 
symptom onset, and those who were not treated with IV tPA. 

• As there was no overall EVT effect on the 90-day mortality rate, no treatment heterogeneity 
in the mortality rate was found between pre-specified subgroups. 

• As there was no overall EVT effect on the sICH rate, no treatment heterogeneity in the 
sICH rate was found between pre-specified subgroups. 

The study-level SR/MA of the five 2015 RCTs by Bush et al. reported similar results as the IPD MA 
by Goyal et al., and it also revealed significant reverse associations of the time intervals from 
symptom onset to groin puncture and to recanalization/reperfusion with better functional outcomes 
following EVT.58  

A meta-analysis by Leng et al. of 23 primary studies (most being observational studies) that focused 
on the baseline collateral status demonstrated the following:68  

• Imaging methods used for assessing baseline collateral status varied greatly across studies, 
with the ASITN/SIR grading system being the most common. 

• Good baseline collaterals were associated with improved functional outcome (a mRS score 
between 0 and 2), reduced 90-day mortality, and reduced peri-procedural sICH. 

• No individual study altered the estimate of the overall effect of collateral status, but there 
were significant heterogeneities between the subgroups of studies with different modes of 
EVT and different imaging methods used for collateral grading. 

• More robust collateral flow compensation to brain areas with restricted blood flow due to 
acute blockage of cervicocerebral arteries may lead to a favourable penumbral pattern, 
enhance the rates of recanalization/reperfusion, mitigate reperfusion injury, and result in a 
smaller final infarct size, which could partly explain the identical trend of the favourable 
effects of good collaterals on clinical outcomes throughout studies with diverse 
characteristics. 

Main finding s from primary studies 
Twenty-nine primary studies included post-hoc analyses of previously published RCTs, analyses of 
data from single or multiple clinic centres, and analyses of post-marketing registries such as the 
NASA registry that reported the real world clinical experience. 
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• The most relevant comparison to determine the benefit of EVT in subgroups (for example, 
older patients) should be from RCTs, as they provide information on clinical outcomes 
between patients undertaking EVT and receiving control care in each subgroup strata (for 
example, different age groups). However, most observational studies, aimed at monitoring 
the safety/effectiveness of EVT in the real world, provided only comparative information 
on clinical outcomes between subgroups (for example, patients over/under 80 years of age) 
who received EVT, therefore lacking information on those who did not receive EVT. 

• Although the majority of studies were rated high in methodological quality overall, the 
observational study design is prone to various biases that prevent firm conclusions to be 
drawn from these types of studies. 

• The sample size of subgroups of interest (for example, patients over 80 years of age) was 
generally much smaller than their counterparts (for example, patients under 80 years of age), 
which prevent an estimate of the magnitude of the association in this subgroup with any 
precision. 

• Bearing all the limitations associated with selected primary studies in mind, findings from 
these studies generally suggest the following: 

o Older age (that is, over 80 years), presence of comorbidities such as diabetes, 
hypertension, atrial fibrillation, and a higher NIHSS score was associated with a 
higher mortality rate and a lower rate of functional independence. 

o Good baseline collaterals were independent predictors of functional independence. 
o Rapid time from symptom onset to treatment initiation (groin puncture) and to 

recanalization/reperfusion were strongly associated the functional independence. 
However, three of the four studies that looked at transportation methods did not 
find a significant difference in clinical outcomes between the mothership and drip-
and-ship methods, despite significant shorter time intervals from symptom onset to 
groin puncture and to recanalization/reperfusion for the mothership groups. Other 
patient characteristics such as the presence of comorbidities may partially explain 
these results. 

o No significant difference in clinical outcomes was found between patients who used 
and did not use IV tPA before EVT. 

3.8.3. Implication for Clinical Practice 
Patient selection 
The best way to select the most appropriate patients for EVT remains uncertain. The treatment 
effect size of EVT in the five 2015 RCTs was large, suggesting that patient selection criteria may 
have been too stringent in that some patients who might have received clinically meaningful but less 
pronounced benefit were excluded.99, 100 

Age may determine functional recovery after a stroke since it is associated with a higher incidence of 
comorbidities, and probably with a lower capacity of neurorestoration or plasticity.101 Subgroup 
analysis of patients 80 years or age and older in the recent trials did not reveal any heterogeneity of 
the treatment effect, suggesting there is currently no evidence for an upper age limit of EVT.102 In 
the ESCAPE trial, a large mortality benefit was observed in patients older than 80 years, namely a 
24% reduction in 90-day mortality. Despite the inherent limitations of subgroup analysis, this 
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suggests that older age alone should not be an exclusion criterion, and a holistic evaluation of the 
patient and their pretreatment morbid status may be more helpful.103 

Another challenge in clinical practice is how to define imaging eligibility for EVT, as different 
imaging modalities were used in the recent trials. Multimodal imaging can be used to select patients 
with high specificity for successful EVT treatment.100 Uncertainty remains on how to determine the 
best balance between sensitivity and specificity, while maximizing speed at the same time. The extent 
of the infarct core following arterial occlusion is inversely related to collateral status and dependent 
on collateral flow.44 Focus on the blocked artery, adequate collaterals, and penumbral tissue, which 
are highly inter-related, may help develop the appropriate imaging schema for determining treatment 
eligibility within the shortest time frame.100 

Using collateral-based selection criteria is challenging because of the non-standardized approaches to 
collateral grading and the dependence of the technique on noninvasive evaluation.18 The ESCAPE 
trial had more stringent neuroimaging inclusion criteria (CTA collateral assessment) alongside an 
extended time window from symptom onset to groin puncture. A general recommendation for 
indication of EVT in an extended time window of more than 6 hours is currently not possible;102 
however, limited evidence from the ESCAPE trial shows that patients with good collaterals and a 
small infarct core in the extended time window may also benefit from EVT.  

Implementa tion issues 
Multiple implementation challenges have been identified, including the following:103 

• Effectively organized care systems are essential to provide EVT to eligible stroke patients as 
quickly as possible. 

• Optimal management of potential extension of the use of EVT beyond the current 
indications (for example, beyond 6 hours from symptom onset), whether through further 
RCTs or through well-implemented registries, remains uncertain. 

• Accessibility and affordability of the treatment must be addressed. 
• Future technological innovation will affect the evolution of care. 

Three key factors for successful EVT are: careful patient selection using clinical judgment and 
imaging criteria, very fast treatment workflow, and rapid and complete reperfusion.23 Particular 
resources are also necessary for success, including: timely access to both specialized personnel with a 
high level of clinical and technical expertise, availability of acute stroke imaging, and a fully equipped 
angiography suite.23 

Most patients included in the five 2015 RCTs were treated within the first 6 hours after symptom 
onset. Some of the trials set aggressive time metrics for workflow. For example, in the ESCAPE 
trial, the target for the start of CT imaging to groin puncture was less than 60 minutes, and for the 
start of CT imaging to first reperfusion was less than 90 minutes. In the SWIFT PRIME trial, 
qualifying imaging to groin puncture was less than 70 minutes, and these metrics were successfully 
met with aggressive training, continuous feedback, and quality improvement throughout the trial. 
Replication of the trial outcomes in clinical routine practice will require achieving the same level of 
fast treatment workflow.14 

Imaging tools should be quick to perform and interpret, reliable, and widely available on a 24 hour, 
7 days a week basis.99 In general, the more advanced the imaging technique, the more time is needed 
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for data acquisition, data transfer, and post-processing.23 The diagnostic benefit of advanced or 
sequential pre-treatment imaging has to be weighed against the time spent on obtaining additional 
information.23 

Making the diagnosis of a proximal large vessel occlusion at a PSC and starting IV tPA before 
transfer to a CSC (drip-and-ship method) may delay revascularization, compared with patients 
directly transferred to a CSC before neurovascular imaging (mothership method).87 On the other 
hand, if transportation times to the nearest CSC are prolonged, patients may benefit from early 
neurovascular imaging diagnosis to determine EVT eligibility and, subsequently, early initiation of 
IV tPA.103 In the ESCAPE trial, the majority of patients accessed tertiary care stroke services via the 
mothership method, which allows for very fast onset-to-reperfusion treatment times. The decision 
to transport a patient via the mothership or drip-and-ship method depends on the likelihood of an 
intracranial occlusion, distance to PSC and CSC, and relationship between time and treatment effect. 

There is ongoing debate about whether to administer IV tPA before EVT. The combination of 
IV tPA and EVT takes advantage of the speed of IV tPA administration and the greater 
recanalization potential of EVT. Early initiation of IV tPA treatment may reduce clot burden, 
prevent downstream microvascular thrombosis, restore a critical amount of blood flow to preserve 
tissue viability, and facilitate subsequent arterial recanalization/reperfusion by EVT.104 However, IV 
tPA is ineffective in the majority of patients with emergent large vessel occlusion, and may increase 
the risk of intracranial hemorrhage.104 Initial triage to a PSC for administering IV tPA may delay 
transfer to a CSC for EVT, which could be completed and reperfusion achieved prior to completion 
of the 1-hour long IV tPA infusion. Patients who may be eligible for both IV tPA and EVT but are 
transferred to a PSC have lower than expected EVT rates and increased time from symptom onset 
to groin puncture for EVT compared with those transferred directly to CSC, impacting adversely on 
clinical outcome. 

Another important issue is the consideration of the whole spectrum of stroke care. A majority of 
patients treated with EVT have residual neurological impairments that require additional 
management. Long-term management strategies include interventions to prevent delayed 
complications of the stroke and recurrent vascular events, and long-term rehabilitation to promote 
functional recovery, as about 75% of stroke survivors need some type of rehabilitation.105 While 
focusing on strategies to achieve successful reperfusion in the acute phase of stroke is crucial, the 
potential impact of other strategies aiming to improve/speed recovery after stroke should be 
considered in stroke care planning and implementation. 

Implica tions for future research 
High quality research has been conducted in addressing important clinical questions such as the 
safety and efficacy/effectiveness of EVT in the treatment of patients with acute ischemic stroke. 
However, future research is required to address current research gaps, including the following: 

• Larger trials are needed that include a sufficient number of patients who were under-
represented or excluded in previous trials, such as: elderly patients (80 years old or above); 
pediatric populations; patients in later time windows (beyond 6 hours from symptom onset) 
with a favourable imaging profile; patients with relevant comorbidities (such as dementia, 
pre-existing neurological deficits); patients with MCA M2 occlusion, or posterior circulation 
occlusion; and patients who are not eligible for IV tPA. 

• Well-designed trials are needed that address: 
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o whether IV tPA is necessary in patients undergoing EVT; 
o whether potential harm of IV tPA before EVT exceeds its benefit; and 
o whether a future RCT comparing EVT alone with the combination of EVT and 

IV tPA is justified, given the preliminary findings from two primary studies77, 84 that 
found no differences in clinical outcomes between patients (not contraindicated to 
IV tPA) who received EVT only and patients who received both IV tPA and EVT. 

• Research is needed on imaging and/or clinical criteria (for example, lower limit of ASPECTS 
or upper limit of infarct core volume on CTP) that help define absence of benefit (or 
potentially even harm), such that EVT should not be offered. 

• Vigorous prospective observational studies are needed to verify the ultimate prognostic 
values of individual collateral status in outcomes of patients undergoing EVT, and to further 
consolidate the basis for launching patient recruitment.68 

• RCTs with a two-way factorial design may be helpful to test if collateral status could alter the 
favourable treatment effects of EVT over other treatment methods, as demonstrated in 
recent published trials.68 

• Results from an ongoing RCT that directly compares the mothership and drip-and-ship 
transportation methods may help clarify the impact of transportation method on clinical 
outcomes following EVT. 

3.9 Conclusion 
Strong clinical research evidence suggests overall superiority of EVT (with or without IV tPA) over 
IV tPA alone in improving short-term (90 days) functional outcomes in patients with acute ischemic 
stroke of anterior blood circulation without additional risks of intracranial hemorrhage and deaths.  

Limitations inherent to subgroup analyses prevent any definitive conclusion about the most 
appropriate patient groups for EVT. At this time, no strong evidence suggests that any pre-specified 
patient groups of interest should be excluded from receiving EVT.  

To maximize the benefit and minimize the potential harm associated with EVT, future studies are 
needed with prospective study designs, larger sample sizes of patients of interest, and sufficient 
control of confounding factors to further define patient selection/eligibility criteria. 
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Appendix T.A: Methodology 
Search Strategy 

The literature search was conducted an IHE information specialist for publications published 
between January 2004 and February 2016. The search was further limited to human studies, and the 
language was restricted to English. No study designs restrictions were applied. In addition to the 
strategy outlined below (Table T.A.1), reference lists of retrieved articles were reviewed for potential 
studies. 

TABLE T.A.1: Search strategy for T section 

Database Edition or date 
searched Search Terms†† 

Core Databases 

Ovid MEDLINE(R) In-
Process & Other Non-
Indexed Citations, 
Ovid MEDLINE(R) 
Daily and Ovid 
MEDLINE(R) 
1946 to Present 

5 Feb 2016 
4,259 results 

1. exp Brain Ischemia/ 
2. ((isch?emi* adj3 (stroke* or apoplex* or cerebr* or brain or 
encephalopath* or neur* or CVA)) or AIS).mp. 
3. exp Stroke/ 
4. (stroke* adj3 (acute or cerebr* or attack* or accident* or lacunar or 
cardioembol*)).mp. 
5. Intracranial Arteriosclerosis/ 
6. exp "Intracranial Embolism and Thrombosis"/ 
7. Carotid Artery Thrombosis/ 
8. ((occlus* or hypoxi* or block* or infarct* or clot* or termination) adj6 
(carotid or cerebr* or MCA or ACA)).mp. 
9. transient isch?emi* attack.mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
10. carotid artery thrombosis.mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
11. or/1-10 
12. exp Thrombectomy/ 
13. Embolectomy/ 
14. ((Mechanical adj3 (thromb* or embol* or clot disruption* or clot 
retrieval*)) or ((clot* or thromb* or embol*) adj3 (retriev* or disruption* 
or fragmentation)) or ((stent* or stent-assisted) adj3 retriev*) or 
stentriever*).mp. 
15. ((intravenous or intra?arterial or intra arterial or endovascular) 
adj3 (thromb* or interven* or therap* or treatment or embolect*)).mp. 
16. ((Merci or Trevo or Penumbra or Solitaire) adj3 (retriever* or 
system* or device*)).mp. 
17. or/12-16 
18. 11 and 17 
19. exp Time-to-Treatment/ 
20. exp Time Factors/ 
21. (timing or time or hours or hour or hrs or hr or h or minute or 
minutes or min or mins or m or seconds or sec or s or pace or 
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Database Edition or date 
searched Search Terms†† 

duration or lacuna or occurrence).mp. 
22. (period or interval*).m_titl. 
23. (early or immediat* or instant* or late or delay or initiat*).mp. 
24. (pre?hospital notif* or ((stroke adj2 protocol) or code)).mp. 
25. door-to-needle.mp. 
26. or/19-25 
27. 18 and 26 
28. exp animal experimentation/ or exp models animal/ or exp animal 
experiment/ or nonhuman/ or exp vertebrate/ 
29. exp humans/ or exp human experimentation/ or exp human 
experiment/ 
30. 28 not 29 
31. 27 not 30 
32. limit 31 to (english language and yr="2004 -Current") 
33. remove duplicates from 32 
34. 18 not 30 
35. limit 34 to (english language and yr="2004 -Current") 
36. limit 35 to (comment or editorial or letter) 
37. 35 not 36 
38. remove duplicates from 37 
39. 33 not 36 
40. 38 not 39 

Ovid MEDLINE(R) In-
Process & Other Non-
Indexed Citations, 
Ovid MEDLINE(R) 
Daily and Ovid 
MEDLINE(R) 
1946 to Present 
Search for tPA 

15 Mar 2016 
86 results 

1. exp Brain Ischemia/ 
2. ((isch?emi* adj3 (stroke* or apoplex* or cerebr* or brain or 
encephalopath* or neur* or CVA)) or AIS).mp. 
3. exp Stroke/ 
4. (stroke* adj3 (acute or cerebr* or attack* or accident* or lacunar or 
cardioembol*)).mp. 
5. Intracranial Arteriosclerosis/ 
6. brain embolism/ 
7. Carotid Artery Thrombosis/ 
8. ((occlus* or hypoxi* or block* or infarct* or clot* or termination) adj6 
(carotid or cerebr* or MCA or ACA)).mp. 
9. transient isch?emi* attack.mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
10. carotid artery thrombosis.mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] 
11. or/1-10 
12. exp Thrombectomy/ 
13. Embolectomy/ 
14. ((Mechanical adj3 (thromb* or embol* or clot disruption* or clot 
retrieval*)) or ((clot* or thromb* or embol*) adj3 (retriev* or disruption* 
or fragmentation)) or ((stent* or stent-assisted) adj3 retriev*) or 
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Database Edition or date 
searched Search Terms†† 

stentriever*).mp. 
15. ((intravenous or intra?arterial or intra arterial or endovascular) 
adj3 (thromb* or interven* or therap* or treatment or embolect*)).mp. 
16. ((Merci or Trevo or Penumbra or Solitaire) adj3 (retriever* or 
system* or device*)).mp. 
17. or/12-16 
18. 11 and 17 
19. exp Time-to-Treatment/ 
20. exp Time Factors/ 
21. (timing or time or hours or hour or hrs or hr or h or minute or 
minutes or min or mins or m or seconds or sec or s or pace or 
duration or lacuna or occurrence).mp. 
22. (period or interval*).m_titl. 
23. (early or immediat* or instant* or late or delay or initiat*).mp. 
24. (pre?hospital notif* or ((stroke adj2 protocol) or code)).mp. 
25. door-to-needle.mp. 
26. or/19-25 
27. 18 and 26 
28. exp animal experimentation/ or exp models animal/ or exp animal 
experiment/ or nonhuman/ or exp vertebrate/ 
29. exp humans/ or exp human experimentation/ or exp human 
experiment/ 
30. 28 not 29 
31. 27 not 30 
32. limit 31 to (english language and yr="2004 -Current") 
33. remove duplicates from 32 
34. 18 not 30 
35. limit 34 to (english language and yr="2004 -Current") 
36. limit 35 to (comment or editorial or letter) 
37. 35 not 36 
38. remove duplicates from 37 
39. 33 not 36 
40. 38 not 39 
41. tissue plasiminogen activator.mp. or exp Tissue Plasminogen 
Activator/ 
42. 11 and 26 and 41 
43. limit 42 to (english language and systematic reviews) 
44. 43 not 38 

Embase 
1974 to 2016 Week 5 

12 Feb 2016 
4,887 results 

1. exp Brain Ischemia/ 
2. ((isch?emi* adj3 (stroke* or apoplex* or cerebr* or brain or 
encephalopath* or neur* or CVA)) or AIS).mp. 
3. exp Cerebrovascular Accident/ 
4. (stroke* adj3 (acute or cerebr* or attack* or accident* or lacunar or 
cardioembol*)).mp. 
5. brain atherosclerosis/ 
6. brain embolism/ 
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Database Edition or date 
searched Search Terms†† 

7. Carotid Artery Thrombosis/ 
8. ((occlus* or hypoxi* or block* or infarct* or clot* or termination) adj6 
(carotid or cerebr* or MCA or ACA)).mp. 
9. transient isch?emi* attack.mp. [mp=title, abstract, heading word, 
drug trade name, original title, device manufacturer, drug 
manufacturer, device trade name, keyword] 
10. carotid artery thrombosis.mp. [mp=title, abstract, heading word, 
drug trade name, original title, device manufacturer, drug 
manufacturer, device trade name, keyword] 
11. or/1-10 
12. exp Thrombectomy/ 
13. Embolectomy/ 
14. ((Mechanical adj3 (thromb* or embol* or clot disruption* or clot 
retrieval*)) or ((clot* or thromb* or embol*) adj3 (retriev* or disruption* 
or fragmentation)) or ((stent* or stent-assisted) adj3 retriev*) or 
stentriever*).mp. 
15. ((intravenous or intra?arterial or intra arterial or endovascular) 
adj3 (thromb* or interven* or therap* or treatment or embolect*)).mp. 
16. ((Merci or Trevo or Penumbra or Solitaire) adj3 (retriever* or 
system* or device*)).mp. 
17. or/12-16 
18. 11 and 17 
19. exp time to treatment/ 
20. exp Time Factors/ 
21. (timing or time or hours or hour or hrs or hr or h or minute or 
minutes or min or mins or m or seconds or sec or s or pace or 
duration or lacuna or occurrence).mp. 
22. (period or interval*).m_titl. 
23. (early or immediat* or instant* or late or delay or initiat*).mp. 
24. (pre?hospital notif* or ((stroke adj2 protocol) or code)).mp. 
25. door-to-needle.mp. 
26. or/19-25 
27. 18 and 26 
28. exp animal experimentation/ or exp models animal/ or exp animal 
experiment/ or nonhuman/ or exp vertebrate/ 
29. exp humans/ or exp human experimentation/ or exp human 
experiment/ 
30. 28 not 29 
31. 18 not 30 
32. limit 31 to (english language and yr="2004 -Current") 
33. 27 not 30 
34. limit 33 to (english language and yr="2004 -Current") 
35. case report/ 
36. (case adj2 report*).mp. 
37. ((two or "2" or three or "3" or "4" or four or "5" or five) adj2 
(patients or cases or women or men or boy or girl or boys or 
girls)).mp. 
38. meta analysis/ 
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39. clinical study/ or case control study/ or case study/ or clinical 
article/ or clinical trial/ or "clinical trial (topic)"/ or community trial/ or 
family study/ or intervention study/ or longitudinal study/ or major 
clinical study/ or open study/ or postmarketing surveillance/ or 
prospective study/ or retrospective study/ 
40. or/37-39 
41. (35 or 36) not 40 
42. (conference abstract or editorial or letter).pt. 
43. or/41-42 
44. 32 not 43 
45. 34 not 43 
46. 44 not 45 

CINAHL Plus with Full 
Text  

14 Mar 2016 
1,508 results 

S13 (S8 AND S11) Limiters - Published Date: 20040101-20161231 
Narrow by Language: - English 

S12 (S8 AND S11)  
S11  S9 OR S10  
S10 ( ((Mechanical N3 (thromb* or embol* or clot disruption* or clot 

retrieval*)) ) OR ( ((clot* or thromb* or embol*) N3 (retriev* or 
disruption* or fragmentation)) ) OR ( ((stent* or stent-assisted) 
N3 retriev*) ) OR ( ((intravenous or intraarterial or intra arterial 
or endovascular) N3 (thromb* or interven* or therap* or 
treatment or embolect*)) ) OR ( (Merci or Trevo or Penumbra or 
Solitaire) N3 (retriever* or system* or device*) )  

S9 (MH "Thrombectomy") OR (MH "Embolectomy")  
S8  S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7  
S7  carotid artery thrombosis  
S6  transient ischemic attack OR transient ischaemic attack  
S5 ((occlus* or hypoxi* or block* or infarct* or clot* or termination) 

N6 (carotid or cerebr* or MCA or ACA))  
S4 (stroke*) N3 (acute or cerebr* or attack* or accident* or lacunar 

or cardioembol*)).  
S3 ( ((ischaemi* or ischemi*) N3 (stroke* or apoplex* or cerebr* or 

brain or encephalopath* or neur* or CVA)) or AIS) )  
S2 (MH "Stroke+") OR (MH "Intracranial Embolism and 

Thrombosis+")  
S1 (MH "Cerebral Ischemia") OR (MH "Cerebral Ischemia, 

Transient") OR (MH "Hypoxia-Ischemia, Brain+")  

EBM Reviews - 
Cochrane Database of 
Systematic Reviews  
2005 to March 2016  
EBM Reviews - 
Cochrane Database of 
Systematic Reviews 
 Issue 2 2016 

15 Mar 2016 
14 results 

1. Brain Ischemia.ti,ab,kw. 
2. ((isch?emi* adj3 (stroke* or apoplex* or cerebr* or brain or 
encephalopath* or neur* or CVA)) or AIS).ti,ab,kw. 
3. Stroke.ti,ab,kw. 
4. (stroke* adj3 (acute or cerebr* or attack* or accident* or lacunar or 
cardioembol*)).ti,ab,kw. 
5. Intracranial Arteriosclerosis.ti,ab,kw. 
6. brain embolism.ti,ab,kw. 
7. Carotid Artery Thrombosis.ti,ab,kw. 
8. ((occlus* or hypoxi* or block* or infarct* or clot* or termination) adj6 
(carotid or cerebr* or MCA or ACA)).ti,ab,kw. 
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9. transient isch?emi* attack.ti,ab,kw. 
10. Cochrane Stroke Group.gn. 
11. or/1-10 
12. Thrombectomy.ti,ab,kw. 
13. Embolectomy.ti,ab,kw. 
14. ((Mechanical adj3 (thromb* or embol* or clot disruption* or clot 
retrieval*)) or ((clot* or thromb* or embol*) adj3 (retriev* or disruption* 
or fragmentation)) or ((stent* or stent-assisted) adj3 retriev*) or 
stentriever*).ti,ab,kw. 
15. ((intravenous or intra?arterial or intra arterial or endovascular) 
adj3 (thromb* or interven* or therap* or treatment or 
embolect*)).ti,ab,kw. 
16. ((Merci or Trevo or Penumbra or Solitaire) adj3 (retriever* or 
system* or device*)).ti,ab,kw. 
17. or/12-16 
18. 11 and 17 

EBM Reviews - 
Cochrane Central 
Register of Controlled 
Trials – Issue 1 2016 

15 Mar 2016 
476 results 

1. exp Brain Ischemia/ 
2. ((isch?emi* adj3 (stroke* or apoplex* or cerebr* or brain or 
encephalopath* or neur* or CVA)) or AIS).mp. 
3. exp Stroke/ 
4. (stroke* adj3 (acute or cerebr* or attack* or accident* or lacunar or 
cardioembol*)).mp. 
5. Intracranial Arteriosclerosis/ 
6. brain embolism/ or brain embolism.mp. 
7. Carotid Artery Thrombosis/ 
8. ((occlus* or hypoxi* or block* or infarct* or clot* or termination) adj6 
(carotid or cerebr* or MCA or ACA)).mp. 
9. transient isch?emi* attack.mp. 
10. carotid artery thrombosis.mp. 
11. cochrane stroke group.gc. 
12. or/1-11 
13. exp Thrombectomy/ or thrombectomy.mp. 
14. Embolectomy/ or embolectomy.mp. 
15. ((Mechanical adj3 (thromb* or embol* or clot disruption* or clot 
retrieval*)) or ((clot* or thromb* or embol*) adj3 (retriev* or disruption* 
or fragmentation)) or ((stent* or stent-assisted) adj3 retriev*) or 
stentriever*).mp. 
16. ((intravenous or intra?arterial or intra arterial or endovascular) 
adj3 (thromb* or interven* or therap* or treatment or embolect*)).mp. 
17. ((Merci or Trevo or Penumbra or Solitaire) adj3 (retriever* or 
system* or device*)).mp. 
18. or/13-17 
19. 12 and 18 
20. limit 19 to (yr="2004 -Current" and english language) 

PubMed  7 Apr 2016 
1,591 results 

((((Brain Ischemia) OR (((ischemi* OR ischaemi*) AND (stroke* OR 
apoplex* OR cerebral OR cerebrum OR cerebro* OR brain OR 
encephalopath* OR neurol* OR CVA)) OR AIS) OR ((((((stroke[Text 
Word]) OR Intracranial Arteriosclerosis[Text Word]) OR brain 
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embolis(((Brain Ischemia[TITLE]) OR stroke*[TITLE] OR brain 
embolism[Title] OR Carotid Artery Thrombosis[Title]) m[Text Word]) 
OR Carotid Artery Thrombosis[Text Word]) OR (((occlus*[Text Word] 
OR hypoxi*[Text Word] OR block*[Text Word] OR infarct*[Text Word] 
OR clot*[Text Word] OR termination[Text Word]) AND (carotid[Text 
Word] OR cerebr*[Text Word] OR MCA[Text Word] OR ACA[Text 
Word])))) OR ("transient ischemic attack"[Text Word] OR "transient 
ischaemic attack"[Text Word]))) AND ((Thrombectomy) OR 
(((((Embolectomy) OR (((Mechanical[Text Word] AND (thromb*[Text 
Word] OR embol*[Text Word] OR clot disruption*[Text Word] OR clot 
retrieval*[Text Word])))) OR (((clot*[Text Word] OR thromb*[Text 
Word] OR embol*[Text word]) AND (retriev*[Text Word] OR 
disruption*[Text Word] OR fragmentation[Text Word])))) OR 
((stent*[Text Word] OR stent-assisted[Text Word]) AND (retriev*[Text 
Word] OR stentriever*[Text Word]))) OR (((intravenous[Text Word] 
OR intraarterial[Text Word] OR intra arterial[Text Word] OR 
endovascular[Text Word]) AND (thromb*[Text Word] OR 
interven*[Text Word] OR therap*[Text Word] OR treatment[Text 
Word] OR embolect*[Text Word])))) OR (((Merci[Text Word] OR 
Trevo[Text Word] OR Penumbra[Text Word] OR Solitaire[Text Word]) 
AND (retriever*[Text Word] OR system*[Text Word] OR device*[Text 
Word])))))) NOT ((medline[sb]) OR (myocardi*[Title] OR 
coronary[Title] OR cardiolog*[Title] OR cardiovasc*[Title] OR 
aortic[Title] OR aorta[Title] OR case[title] OR cases[title] OR 
rat[Title/Abstract] OR rats[Title/Abstract] OR pig[Title/Abstract] OR 
pigs[Title/Abstract] OR porcine[Title/Abstract] OR 
mouse[Title/Abstract] OR mice[Title/Abstract] OR 
hamster[Title/Abstract] OR hamsters[Title/Abstract] OR 
animal[Title/Abstract] OR animals[Title/Abstract] OR 
dog[Title/Abstract] OR dogs[Title/Abstract] OR cats[Title/Abstract] OR 
bovine[Title/Abstract] OR sheep[Title/Abstract] OR 
murine[Title/Abstract] OR primate*[Title/Abstract]) OR 
(editorial[Publication Type] OR letter[Publication Type] OR 
comment[Publication Type]) OR (case[Title] OR cases[Title] OR 
editorial[Title] OR comment*[Title] OR letter[Title]))) AND 
(("2004/01/01"[PDat] : "2016/12/31"[PDat]) AND English[lang])  

PubMed Health 7 Apr 2016 
31 results 

(("Brain Ischemia" [TITLE] OR stroke*[TITLE] OR brain 
embolism[Title] OR "Carotid Artery Thrombosis" [Title] OR  "transient 
ischemic attack"[Title] OR "transient ischaemic attack"[Text Word] 
OR "cerebral infarction" [Title]) AND (Thrombectomy[Title] OR 
Embolectomy[Title] OR endovascular[Title] OR clot disruption*[Title] 
OR clot retrieval*[Title] OR stent*[Title] OR intraarterial[Title] OR 
"intra arterial"[Title] OR Merci[Text Word] OR Trevo[Text Word] OR 
Penumbra[Text Word] OR Solitaire[Text Word])) 

Wiley Cochrane 
Library 
DARE 
HTA 
NHS EED 
Issue 1 2016 

7 Apr 2016 
DARE: 50 

results 
HTA:16 results 

NHS EED:-22 
results 

Cochrane DARE HTA NHS EED 
(("Brain Ischemia" OR stroke* OR brain embolism OR "Carotid Artery 
Thrombosis"  OR  "transient ischemic attack" OR "transient 
ischaemic attack" OR "cerebral infarction" ) AND (Thrombectomy OR 
Embolectomy OR endovascular OR clot disruption* OR clot retrieval* 
OR stent* OR intraarterial OR "intra arterial" OR Merci OR Trevo OR 
Penumbra OR Solitaire)) 

Web of Science Core 
Collection 
1900 - 2016 

8 Apr 2016 
1,085 results 

# 5 #1 NOT #2 
Refined by: DOCUMENT TYPES: ( ARTICLE OR CLINICAL 
TRIAL OR REVIEW OR CORRECTION ) AND Databases: ( 
WOS ) 
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Timespan=2004-2016 
Search language=Auto   

# 4 #1 NOT #2 
Refined by: DOCUMENT TYPES: ( ARTICLE OR CLINICAL 
TRIAL OR REVIEW OR CORRECTION ) 
Timespan=2004-2016 
Search language=Auto   

# 3 #1 NOT #2 
Timespan=2004-2016 
Search language=English   

# 2 TITLE: (myocardi* OR coronary OR cardiolog* OR cardiovasc* 
OR aortic OR aorta OR atrial) OR TOPIC: (animal or animals or 
pisces or fish or fishes or catfish or catfishes or sheatfish or 
silurus or arius or heteropneustes or clarias or gariepinus or 
fathead minnow or fathead minnows or pimephales or promelas 
or cichlidae or trout or trouts or char or chars or salvelinus or 
salmo or oncorhynchus or guppy or guppies or millionfish or 
poecilia or goldfish or goldfishes or carassius or auratus or 
mullet or mullets or mugil or curema or shark or sharks or cod or 
cods or gadus or morhua or carp or carps or cyprinus or carpio 
or killifish or eel or eels or anguilla or zander or sander or 
lucioperca or stizostedion or turbot or turbots or psetta or flatfish 
or flatfishes or plaice or pleuronectes or platessa or tilapia or 
tilapias or oreochromis or sarotherodon or common sole or 
dover sole or solea or zebrafish or zebrafishes or danio or rerio 
or seabass or dicentrarchus or labrax or morone or lamprey or 
lampreys or petromyzon or pumpkinseed or pumpkinseeds or 
lepomis or gibbosus or herring or clupea or harengus or 
amphibia or amphibian or amphibians or anura or salientia or 
frog or frogs or rana or toad or toads or bufo or xenopus or 
laevis or bombina or epidalea or calamita or salamander or 
salamanders or newt or newts or triturus or reptilia or reptile or 
reptiles or bearded dragon or pogona or vitticeps or iguana or 
iguanas or lizard or lizards or anguis fragilis or turtle or turtles or 
snakes or snake or aves or bird or birds or quail or quails or 
coturnix or bobwhite or colinus or virginianus or poultry or 
poultries or fowl or fowls or chicken or chickens or gallus or 
zebra finch or taeniopygia or guttata or canary or canaries or 
serinus or canaria or parakeet or parakeets or grasskeet or 
parrot or parrots or psittacine or psittacines or shelduck or 
tadorna or goose or geese or branta or leucopsis or woodlark or 
lullula or flycatcher or ficedula or hypoleuca or dove or doves or 
geopelia or cuneata or duck or ducks or greylag or graylag or 
anser or harrier or circus pygargus or red knot or great knot or 
calidris or canutus or godwit or limosa or lapponica or meleagris 
or gallopavo or jackdaw or corvus or monedula or ruff or 
philomachus or pugnax or lapwing or peewit or plover or 
vanellus or swan or cygnus or columbianus or bewickii or gull or 
chroicocephalus or ridibundus or albifrons or great tit or parus or 
aythya or fuligula or streptopelia or risoria or spoonbill or 
platalea or leucorodia or blackbird or turdus or merula or blue tit 
or cyanistes or pigeon or pigeons or columba or pintail or anas 
or starling or sturnus or owl or athene noctua or pochard or 
ferina or cockatiel or nymphicus or hollandicus or skylark or 
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alauda or tern or sterna or teal or crecca or oystercatcher or 
haematopus or ostralegus or shrew or shrews or sorex or 
araneus or crocidura or russula or european mole or talpa or 
chiroptera or bat or bats or eptesicus or serotinus or myotis or 
dasycneme or daubentonii or pipistrelle or pipistrellus or cat or 
cats or felis or catus or feline or dog or dogs or canis or canine 
or canines or otter or otters or lutra or badger or badgers or 
meles or fitchew or fitch or foumart or foulmart or ferrets or ferret 
or polecat or polecats or mustela or putorius or weasel or 
weasels or fox or foxes or vulpes or common seal or phoca or 
vitulina or grey seal or halichoerus or horse or horses or equus 
or equine or equidae or donkey or donkeys or mule or mules or 
pig or pigs or swine or swines or hog or hogs or boar or boars or 
porcine or piglet or piglets or sus or scrofa or llama or llamas or 
lama or glama or deer or deers or cervus or elaphus or cow or 
cows or bos taurus or bos indicus or bovine or bull or bulls or 
cattle or bison or bisons or sheep or sheeps or ovis aries or 
ovine or lamb or lambs or mouflon or mouflons or goat or goats 
or capra or caprine or chamois or rupicapra or leporidae or 
lagomorpha or lagomorph or rabbit or rabbits or oryctolagus or 
cuniculus or laprine or hares or lepus or rodentia or rodent or 
rodents or murinae or mouse or mice or mus or musculus or 
murine or woodmouse or apodemus or rat or rats or rattus or 
norvegicus or guinea pig or guinea pigs or cavia or porcellus or 
hamster or hamsters or mesocricetus or cricetulus or cricetus or 
gerbil or gerbils or jird or jirds or meriones or unguiculatus or 
jerboa or jerboas or jaculus or chinchilla or chinchillas or beaver 
or beavers or castor fiber or castor canadensis or sciuridae or 
squirrel or squirrels or sciurus or chipmunk or chipmunks or 
marmot or marmots or marmota or suslik or susliks or 
spermophilus or cynomys or cottonrat or cottonrats or sigmodon 
or vole or voles or microtus or myodes or glareolus or primate or 
primates or prosimian or prosimians or lemur or lemurs or 
lemuridae or loris or bush baby or bush babies or bushbaby or 
bushbabies or galago or galagos or anthropoidea or anthropoids 
or simian or simians or monkey or monkeys or marmoset or 
marmosets or callithrix or cebuella or tamarin or tamarins or 
saguinus or leontopithecus or squirrel monkey or squirrel 
monkeys or saimiri or night monkey or night monkeys or owl 
monkey or owl monkeys or douroucoulis or aotus or spider 
monkey or spider monkeys or ateles or baboon or baboons or 
papio or rhesus monkey or macaque or macaca or mulatta or 
cynomolgus or fascicularis or green monkey or green monkeys 
or chlorocebus or vervet or vervets or pygerythrus or 
hominoidea or ape or apes or hylobatidae or gibbon or gibbons 
or siamang or siamangs or nomascus or symphalangus or 
hominidae or orangutan or orangutans or pongo or chimpanzee 
or chimpanzees or pan troglodytes or bonobo or bonobos or pan 
paniscus or gorilla or gorillas or troglodytes) 
Timespan=All years 
Search language=Auto   

# 1 TITLE: ("Brain Ischemia" OR stroke* OR brain embolism OR 
"Carotid Artery Thrombosis" OR "transient ischemic attack" OR 
"transient ischaemic attack" OR "cerebral 
infarction") AND TITLE: (Thrombectomy OR Embolectomy OR 
endovascular OR clot disruption* OR clot retrieval* OR stent* 
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OR intraarterial OR "intra arterial" OR Merci OR Trevo OR 
Penumbra OR Solitaire) 
Timespan=All years 
Search language=Auto   

 

Grey Literature 

Amicus 
amicus.collectionscana
da.gc.ca/aaweb-
b in/aamain/advanced_
search?sessionKey=1
475618650027_142_7
8_200_14&l=0  

12 Apr 2016 
0 results 

Term(s) Searched: TW "endovascular" AND "therapy" AND TW 
"stroke" 

Proquest Dissertations 
and Theses 
1861-2016 

12 Apr 2016 
9 results 

ti(("Brain Ischemia" OR stroke* OR brain embolism OR "Carotid 
Artery Thrombosis" OR "transient ischemic attack" OR "transient 
ischaemic attack" OR "cerebral infarction")) AND all(Thrombectomy 
OR Embolectomy OR endovascular OR clot disruption* OR clot 
retrieval* OR stent* OR intraarterial OR "intra arterial" OR Merci OR 
Trevo OR Solitaire) NOT all(rat OR rats OR rodent OR mice OR 
mouse OR sheep OR murine OR lamb OR lambs OR dog OR dogs 
OR cats OR monkey OR primate* OR pig OR pigs OR piglet* OR 
porcine OR rabbit* OR bovine OR hamster* OR zebra*) 

CADTH 
www.cadth.ca/  

12 Apr 2016 
7 results 

Search term: Stroke 
Browsed after  
Restricting to Results Type: Reports, IN progress 
Products: health Technology Assessments, Health Technology 
Update, Issues in Emerging Health Technologies, Technology 
Review, Therapeutic Review 
Diseases and Conditions: Stroke 

INESSS 
www.inesss.qc.ca/acc
ueil.html  

12 Apr 2016 
1 result 

stroke 

ICES 
www.ices.on.ca/  

12 Apr 2016 
4 results 

cerebrovascular 

Technology 
Assessment Unit of the 
McGill University 
Health Centre (MUHC) 
www.mcgill.ca/tau/tech
nology-assessment-
unit-mcgill-university-
health-centre  

12 Apr 2016 
0 results 

Browsed by year 

Adelaide Health 
Technology 
Assessment (AHTA) 

12 Apr 2016 
4 results 

stroke 

Australian Efficacy 
Register of New 
Interventional 
Procedures – Surgical 
(ASERNIP-S) 

12 Apr 2016 
0 results 

browsed 
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MSCAC 12 Apr 2016 
0 results 

browsed 

NIHR 
www.nihr.ac.uk/  

12 Apr 2016 
17 results 

Ischemic stroke 

NICE Guidance 
www.nice.org.uk/guida
nce  

12 Apr 2016 
2 results 

isch 

AHRQ 
www.ahrq.gov/  

12 Apr 2016 
0 results 

stroke 

Blue Cross 
www.bluecross.ca/en/i
ndex.html  

12 Apr, 2016 
8 results 

Ischaemic stroke 

HSTAT 13 Apr 2016 
29 results 

endovascular therapy AND stroke AND hstatcollect[filter] 

Clinical Trials Registers 

Cochrane Stroke Trials 
Register – DORIS 

12 Apr 2016 
22 results 

Endovascular Therapy 

ClinicalTrials.gov 12 Apr 2016 
30 results 

INFLECT EXACT ( "Recruiting" OR "Not yet recruiting" OR 
"Available" ) [OVERALL-STATUS] AND ischemic stroke [DISEASE] 
AND ( endovascular therapy OR Mechanical Thrombectomy OR 
solitaire OR merci OR trevo OR "stent retriever" OR "clot retrieval" ) 
[TREATMENT] 

WHO ICTRP 
apps.who.int/trialsearc
h/  

13 Apr 2016 
33 results 

Ischemic stroke AND thrombectomy OR endovascular OR solitaire 
OR trevo OR merci 

EuNETA Trials 
Register 
www.clinicaltrialsregist
er.eu/ctr-search/search  

13 Apr 2016 
16 results 

ischemic stroke AND (neurothrombectomy OR thrombectomy OR 
embolectomy OR endovascular OR trevo OR solitaire OR merci OR 
stent OR intraarterial ) NOT (cardiovascular OR angio OR coronary 
OR heart OR myocardio) 

Clinical Practice Guidelines 

TOP Guidelines 
www.topalbertadoctors
.org/cpgs/  

13 Apr 2016 
0 results 

Stroke  

CMA InfoBase 
www.cma.ca/En/Pages
/clinical-practice-
guidelines.aspx  

13 Apr 2016 
9 results 

Browsed under conditions – Stroke 

National Guidelines 
Clearinghouse 
www.guideline.gov/  

13 Apr 2016 
14 results 

Keyword: ischemic stroke 
Clinical Specialty: Neurological Surgery, Neurology 
Publication Year: 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011, 
2012, 2013, 2014, 2015, 2016 
Indexing keywords: Disease or Condition 
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Guidelines 
International Network 
www.g-i-
n.net/lib rary/internation
al-guidelines-library  

13 Apr 2016 
21 results 

Ischemic stroke 
Ischaemic stroke 

Dynamed 28 Jun 2016 
17 results 

Section: Endovascular therapy for acute stroke 

Google 
www.google.ca  

19 Apr 2016 
First 200 results 

retriever coverage solitaire OR penumbra OR merci OR trevo -www-
ncbi-nlm-nih-gov filetype:pdf 

Device Approvals 

MDALL 
webprod5.hc-
sc.gc.ca/mdll-
limh/prepareSearch-
preparerRecherche.do
?type=active&lang=en
g  

13 Apr 2016 
9 results 

Solitaire, merci, trevo, penumbra 

FDA Premarket 
Notifications (510(k)s) 
www.accessdata.fda.g
ov/scripts/cdrh/cfdocs/
cfpmn/pmn.cfm  

18 Apr 2016 
30 results 

Product code search: NRY (Catheter, Thrombus Retriever)  

FDA Advisories and 
Recalls 

18 Apr 2016 
3 results 

Product code search: NRY (Catheter, Thrombus Retriever) 

Health Canada’s 
advisories, warnings 
and recalls: 

18 Apr 2016 
0 results 

Solitaire, merci, trevo, penumbra 

Manufacturer and User 
Facility Device 
Experience (MAUDE) 

19 Apr 2016 
1 result 

Product code search : NRY (Catheter, Thrombus Retriever) 

††   “*”, “# “, and “?” are truncation characters that retrieve all possible suffix variations of the root word e.g., surg* 
retrieves surgery, surgical, surgeon, etc.  
Searches separated by commas have been entered separately into the search interface 

Selection of Key Studies 
Titles and abstracts were screened by one researcher (BG) and full-text publications of relevant 
articles were retrieved. All full-text articles were first reviewed by one researcher (BG) to determine 
the eligibility of key studies according to the predefined selection criteria, and resulting studies for 
inclusion were then reviewed by another researcher (CM) for final decision. Disagreement was 
resolved by consensus. 

Inclusion criteria (PICOS) 
Studies were included as key studies if they met all of the following criteria: 

• Population: adult patients (≥18 years old) with acute ischemic stroke 
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• Intervention: EVT (defined as mechanical thrombectomy primarily using stent retrievers) 
with or without the use of IV tPA 

• Comparator: standard medical care including IV tPA if indicated  
• Outcome measures: at least one of the following: 

o Safety: sICH and other EVT-related complications, mortality within 90 days post-
EVT 

o Efficacy/effectiveness: functional outcome measured by the modified Rankin Scale 
(mRS) at 90 days post-EVT, functional independence (mRS 0-2) at 90 days post-
EVT 

• Study design: 
o For the overall safety and efficacy/effectiveness: systematic reviews (SRs)/meta-

analyses (MAs) or health technology assessments (HTAs) that included all five 2015 
randomized controlled trials (RCTs). A literature review will be considered 
systematic if it meets all of the following criteria: 
 focused clinical question 
 explicit search strategy 
 use of explicit, reproducible, and uniformly applied criteria for article selection 
 formal critical appraisal of the included studies 
 qualitative or quantitative data summary or synthesis (that is, a meta-analysis) 

o For the impacts of patient/clinical factors on clinical outcomes: SRs/MAs, HTAs, or 
primary studies (including RCTs and observational studies) that were not included in 
the selected SRs/MAs, or HTAs 

• Patient factors: any of the following:  
o age 
o gender 
o comorbidity (hypertension, diabetes, atrial fibrillation, hyperlipidemia, etc.) 
o baseline NIHSS score 
o baseline ASPECTS 
o location of vessel occlusion 
o baseline brain collateral status 

• Clinical factors: any of the following: 
o time intervals from symptom onset to: 

 randomization 
 groin puncture 
 recanalization/reperfusion  

o use of tPA prior to EVT 
o transportation methods (mothership or drip-and-ship) 

Endovascular therapy for acute ischemic stroke  136 



 

• Language: limited to English 
• Publication period: January 2004 to February 2016 

In the case of multiple publications, the most recent or most comprehensive versions will be included. 

Exclusion criteria 
Studies were excluded if they met any of the following criteria: 

• included pediatric patients only; pregnant women; patients with other conditions such as un-
ruptured aneurysm, artery occlusions in other body parts (such as heart, legs), transient 
stroke, stroke mimics, intracranial hemorrhage 

• focused on certain subgroup patients (for example, non-clear onset patients, wake-up 
patients, tandem occlusion) 

• focused on: 
o the technical aspects of the intervention 
o the comparison of different devices 
o IV tPA or IA tPA alone as the intervention 
o sonothrombolysis 
o the impact of anaesthesia types (general versus local) on clinical outcomes 
o treatment and management of comorbidities, stroke prevention, or complications 

following EVT 
o comparison of different scoring/predictive modelling systems 
o development of outcome prediction tools 
o predictive value of surrogate endpoints (for example, angiographic recanalization or 

reperfusion) or some blood biomarkers (such as neutrophil-lymphocyte ratio) 
• were general reviews that do not meet the criteria for systematic reviews 
• were conference abstracts, letters, news, editorial comments, case reports, or trial protocols 
• a SR/MA that did not include all five 2015 RCTs for the overall safety/efficacy of EVT, or 

included all eight RCTs (published in 2013 and 2015) but did not separately analyze and pool 
results from the five 2015 RCTs 

• had a sample size of less than 100 in primary studies (lack of statistical power) 
• was a survey of physicians knowledge/awareness of EVT/tPA 
• was an animal study 

Methodological Quality Assessment 
The methodological quality of selected key studies was assessed independently by two reviewers (BG 
and CM) using appropriate quality assessment tools. Assessment results from the two reviewers 
were compared, and disagreement was resolved by consensus. Quality assessment results were 
incorporated into the review when interpreting and discussing research evidence, but were not used 
to include or exclude studies. 
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• For SRs/MAs: The methodological quality of the IPD MA was appraised using the 
checklist recommended by the Cochrane IPD MA working group.7 This tool consists of 
eight questions; under each question there are two to six subquestions (see Appendix T.D, 
Table T.D.1). The user guide was developed by one reviewer (BG), and discussed between 
the two reviewers (BG and CM) to achieve consensus. The user guide is available upon 
request. A Measurement Tool to Assess Systematic Reviews (AMSTAR) (www.amstar.ca) was 
used to appraise the quality of study-level SRs/MAs.8 

• For primary studies: A 12-item quality appraisal tool modified from two previous studies 
was used to appraise the quality of the included primary studies.9, 10 The user guide dictionary 
for each quality criterion was adapted from these two studies9, 10 as well as the IHE quality 
appraisal checklist for case series studies (www.ihe.ca/research-programs/rmd/cssqac/cssqac-about), 
which is available upon request. 

Data Extraction 
One reviewer (BG) abstracted the data from the selected SRs/MAs or primary studies using pre-
developed data extraction forms. The following general categories of data were abstracted: 

• For SRs/MAs: publication information, search strategy (publication date and databases 
searched), number and type of included studies, methodological quality of included studies, 
results, and authors’ conclusions 

• For primary studies: publication information, patient characteristics (age, gender, baseline 
NIHSS score, baseline ASPECTS, location of vessel occlusion, and use of IV tPA) 
description of intervention/comparator, and results 

For the functional outcome mRS scores at 90 days, adjusted common odds ratios (cORs; derived 
from ordinal logistic regression models indicating a favourable shift in mRS score distribution [shift 
analysis]), along with standard errors, confidence intervals, and/or p-values were collected, if 
available. If shift analysis was not performed, numbers or proportions of participants for the mRS 0-
2 category at 90 days were collected. 

Data Analysis and Synthesis 
For the overall safety and efficacy of EVT, evidence from selected SRs/MAs is summarized 
narratively and presented in tables. 

For impact of patient/clinical factors on the effects of EVT, evidence from all relevant selected 
studies is summarized narratively for each factor of interest. Potential limitations in the applicability 
and relevance of study results to the Alberta context were identified and discussed. 

External Review 
The draft report was reviewed by the members of the provincial Expert Advisory Group (EAG) 
assembled for this project.  
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Appendix T.B: Excluded Studies and Reasons for Exclusion 
Excluded SRs/MAs (N=31) 

No quality assessment performed for included studies (n=7) 
1. Bishop BM. Endovascular interventions for acute ischemic stroke: A review of recent trials. 

Annals of Pharmacotherapy 2016;50(3):219-28. 
2. Broderick JP, et al. Endovascular therapy is effective and safe for patients with severe ischemic 

stroke: Pooled analysis of Interventional Management of Stroke III and Multicenter 
Randomized Clinical Trial of Endovascular Therapy for Acute Ischemic Stroke in the 
Netherlands Data. Stroke 2015;46(12):3416-22. 

3. Falk-Delgado A, et al. Improved clinical outcome 3 months after endovascular treatment, 
including thrombectomy, in patients with acute ischemic stroke: A meta-analysis. J Neurointerv 
Surg 2015. 

4. Grech R, et al. Stent-based thrombectomy versus intravenous tissue plasminogen activator in 
acute ischaemic stroke: A systematic review and meta-analysis. Interv 2015;21(6):684-90. 

5. Mak CH, et al. Intra-arterial revascularization therapy for basilar artery occlusion-a systematic 
review and analysis. Neurosurg Rev 2016. 

6. Marmagkiolis K, et al. Safety and efficacy of stent retrievers for the management of acute 
ischemic stroke: Comprehensive review and meta-analysis. JACC Cardiovasc Interv 
2015;8(13):1758-65. 

7. Prabhakaran S, et al. Acute stroke intervention: A systematic review. JAMA 2015;313(14):1451-
62. 

No separate pooling for the five 2015 RCTs (n=8) 
1. Badhiwala JH, et al. Endovascular thrombectomy for acute ischemic stroke: A meta-analysis. 

JAMA 2015;314(17):1832-43. 
2. Balami JS, et al. A systematic review and meta-analysis of randomized controlled trials of 

endovascular thrombectomy compared with best medical treatment for acute ischemic stroke. 
Int J Stroke 2015;10(8):1168-78. 

3. Elgendy IY, et al. Mechanical thrombectomy for acute ischemic stroke: A meta-analysis of 
randomized trials. J Am Coll Cardiol 2015;66(22):2498-505. 

4. Liu Y, et al. Efficacy and safety of mechanical thrombectomy in treating acute ischemic stroke: 
A meta analysis. Journal of Investigative Surgery 2016;29(2):106-11. 

5. Ouyang F, et al. Selection of patients and anesthetic types for endovascular treatment in acute 
ischemic stroke: A meta-analysis of randomized controlled trials. PLoS ONE 
2016;11(3):e0151210. 

6. Phan K, et al. Endovascular therapy including thrombectomy for acute ischemic stroke: A 
systematic review and meta-analysis with trial sequential analysis. J Clin Neurosci 2016. 

7. Tan CC, et al. Endovascular treatment versus intravenous thrombolysis for acute ischemic 
stroke: A quantitative review and meta-analysis of 21 randomized trials. Mol Neurobiol 2016. 
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8. Yarbrough CK, et al. Endovascular thrombectomy for anterior circulation stroke: Systematic 
review and meta-analysis. Stroke 2015;46(11):3177-83. 

Did not include all five 2015 RCTs (n=10) 
1. Almekhlafi MA, et al. A meta-analysis of observational intra-arterial stroke therapy studies using 

the Merci device, Penumbra system, and retrievable stents. AJNR 2013;34(1):140-5.  
2. Blackham KA, et al. Endovascular therapy of acute ischemic stroke: report of the Standards of 

Practice Committee of the Society of NeuroInterventional Surgery. Journal of Neurointerventional 
Surgery 2012;4(2):87-93.  

3. Brinjikji W, et al. Conscious sedation versus general anesthesia during endovascular acute 
ischemic stroke treatment: A systematic review and meta-analysis. AJNR 2015;36(3):525-9.  

4. Campbell BCV, et al. Safety and efficacy of solitaire stent thrombectomy: Individual patient 
data meta-analysis of randomized trials. Stroke 2016;47(3):798-806.  

5. Duffis EJ, et al. Endovascular treatment for acute ischemic stroke in octogenarians compared 
with younger patients: A meta-analysis. International Journal of Stroke 2014;9(3):308-12.  

6. Fargen KM, et al. A meta-analysis of prospective randomized controlled trials evaluating 
endovascular therapies for acute ischemic stroke. Journal of Neurointerventional Surgery 
2015;7(2):84-9.  

7. Grech R, et al. An efficacy and safety comparison between different stentriever designs in acute 
ischaemic stroke: A systematic review and meta-analysis. Clinical Radiology 2016;71(1):48-57.  

8. Osanai T, et al. Acute endovascular reperfusion therapy in ischemic stroke: A systematic review 
and meta-analysis of randomized controlled trials. PLoS ONE 2015;10(4):e0122806.  

9. Pannell JS, et al. Interventional management of acute ischemic stroke: A systematic review. 
Current Treatment Options in Cardiovascular Medicine 2014;16(8):318.  

10. Zheng F and Xie W. Imaging-based patient selection and endovascular therapy of ischemic 
stroke: A stratified meta-analysis. Medicine 2015;94(38):e1539. 

Other (n=6) 
1. Chiumente M, et al. Differences in effectiveness among devices for endovascular 

thrombectomy in patients with acute ischemic stroke. Journal of Stroke and Cerebrovascular Diseases 
2016. 

2. Leng X, et al. Impact of collateral status on successful revascularization in endovascular 
treatment: A systematic review and meta-analysis. Cerebrovascular Diseases 2016;41(1-2):27-34.  

3. MacIsaac RL, et al. A collaborative sequential meta-analysis of individual patient data from 
randomized trials of endovascular therapy and tPA vs. tPA alone for acute ischemic stroke: 
ThRombEctomy And tPA (TREAT) analysis – Statistical analysis plan for a sequential meta-
analysis performed within the VISTA-Endovascular collaboration. International Journal of Stroke 
2015;10 Suppl A100:136-44.  

4. Phan K. et al. Outcomes of endovascular treatment of basilar artery occlusion in the stent 
retriever era: A systematic review and meta-analysis. Journal of Neurointerventional Surgery 2015. 
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5. Punal-Rioboo J, et al. Safety and efficacy of mechanical thrombectomy using stent retrievers in 
the endovascular treatment of acute ischaemic stroke: A systematic review. Interventional 
Neurology 2015:3(3-4):149-64.  

6. Saposnik G, et al. Added benefit of stent retriever technology for acute ischemic stroke: A 
pooled analysis of the NINDS tPA, SWIFT, and STAR trials. Neurosurgery 2015;77(3): 454-61.  

Excluded Primary Studies (N=157) 
No factors of interest (n=43) 
1. Adamczyk P, et al. Mechanical thrombectomy in acute stroke: utilization variances and impact 

of procedural volume on inpatient mortality. J Stroke Cerebrovasc Dis 2013;22(8):1263-9. 
2. Albers GW, et al. Ischemic core and hypoperfusion volumes predict infarct size in SWIFT 

PRIME. Ann Neurol 2016;79(1):76-89. 
3. Albers GW, et al. Relationships between imaging assessments and outcomes in solitaire with 

the intention for thrombectomy as primary endovascular treatment for acute ischemic stroke. 
Stroke 2015;46(10):2786-94. 

4. Belagaje SR, et al. Discharge disposition to skilled nursing facility after endovascular reperfusion 
therapy predicts a poor prognosis. J Neurointerv Surg 2015;7(2):99-103. 

5. Binning MJ, et al. Early postmarket experience after US Food and Drug Administration 
approval with the Trevo device for thrombectomy for acute ischemic stroke. Neurosurgery 
2014;75(5):584-9; discussion 9. 

6. Boeckh-Behrens T, et al. The impact of histological clot composition in embolic stroke. Clin 
Neuroradiol 2014. 

7. Borst J, et al. Value of computed tomographic perfusion-based patient selection for intra-
arterial acute ischemic stroke treatment. Stroke 2015;46(12):3375-82. 

8. Bourcier R, et al. Susceptibility vessel sign on MRI predicts favorable clinical outcome in 
patients with anterior circulation acute stroke treated with mechanical thrombectomy. AJNR 
2015;36(12):2346-53. 

9. Cao Y, et al. Lack of improvement following endovascular therapy in patients with acute 
ischemic stroke. Int J Neurosci 2016:1-7. 

10. Daou B, et al. Predictors of outcome, complications, and recanalization of the Solitaire device: 
A study of 89 cases. Neurosurgery 2015;77(3):355-61. 

11. Deguchi I, et al. Relationship between magnetic resonance angiography-diffusion-weighted 
imaging mismatch and clinical outcome in endovascular treatment for acute ischemic stroke: 
subgroup analysis of the Recovery by Endovascular Salvage for Cerebral Ultra-acute 
Embolism--Japan Registry. Journal of Stroke & Cerebrovascular Diseases 2014;23(6):1471-6. 

12. d'Esterre CD, et al. Time-dependent computed tomographic perfusion thresholds for patients 
with acute ischemic stroke. Stroke 2015;46(12):3390-7. 

13. Dorn F, et al. Stent retriever thrombectomy in patients who are ineligible for intravenous 
thrombolysis: A multicenter retrospective observational study. AJNR 2016;37(2):305-10. 

14. Fargen KM, et al. A novel clinical and imaging based score for predicting outcome prior to 
endovascular treatment of acute ischemic stroke. J Neurointerv Surg 2013;5 (Suppl 1):i38-i43. 
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15. Gory B, et al. Outcomes of stent retriever thrombectomy in basilar artery occlusion: An 
observational study and systematic review. J Neurol Neurosurg Psychiatry 2015. 

16. Gupta R, et al. Higher volume endovascular stroke centers have faster times to treatment, 
higher reperfusion rates and higher rates of good clinical outcomes. J Neurointerv Surg 
2013;5(4):294-7. 

17. Haussen DC, et al. Carotid siphon calcification impact on revascularization and outcome in 
stroke intervention. Clinical Neurology & Neurosurgery 2014;120:73-7. 

18. Haussen DC, et al. Sulcal effacement with preserved gray-white junction: A sign of reversible 
ischemia. Stroke 2015;46(6):1704-6. 

19. Htyte N, et al. Predictors of outcomes following catheter-based therapy for acute stroke. 
Catheterization and Cardiovascular Interventions 2015;85(6):1043-50. 

20. Inoue M, et al. Clinical outcomes strongly associated with the degree of reperfusion achieved in 
target mismatch patients: pooled data from the Diffusion and Perfusion Imaging Evaluation for 
Understanding Stroke Evolution studies. Stroke 2013;44(7):1885-90. 

21. Leiva-Salinas C, et al. Tissue at risk in acute stroke patients treated beyond 8 h after symptom 
onset. Neuroradiology 2013;55(7):807-12. 

22. Leslie-Mazwi TM, et al. Endovascular stroke treatment outcomes after patient selection based 
on magnetic resonance imaging and clinical criteria. JAMA Neurol 2016;73(1):43-9. 

23. Liebeskind DS, et al. Serial Alberta Stroke Program early CT score from baseline to 24 hours in 
Solitaire Flow Restoration with the Intention for Thrombectomy study: A novel surrogate end 
point for revascularization in acute stroke. Stroke 2014;45(3):723-7. 

24. Mishra NK, et al. Comparison of magnetic resonance imaging mismatch criteria to select 
patients for endovascular stroke therapy. Stroke 2014;45(5):1369-74. 

25. Mokin M, et al. Correlation between cerebral blood volume values and outcomes in 
endovascular therapy for acute ischemic stroke. J Neurointerv Surg 2015;7(10):705-8. 

26. Nelles M, et al. Patient selection for mechanical thrombectomy. Clin Neuroradiol 2014;24(3):239-
44. 

27. Nikoubashman O, et al. Neurothrombectomy in acute ischaemic stroke: a prospective single-
centre study and comparison with randomized controlled trials. Eur J Neurol 2016;23(4):807-16. 

28. Nikoubashman O, et al. Weekend effect in endovascular stroke treatment: do treatment 
decisions, procedural times, and outcome depend on time of admission? J Neurointerv Surg 2016. 

29. Nogueira RG, et al. Predictors and clinical relevance of hemorrhagic transformation after 
endovascular therapy for anterior circulation large vessel occlusion strokes: a multicenter 
retrospective analysis of 1122 patients. J Neurointerv Surg 2015;7(1):16-21. 

30. Nogueira RG, et al. Large volumes of critically hypoperfused penumbral tissue do not preclude 
good outcomes after complete endovascular reperfusion: Redefining malignant profile. Stroke 
2016;47(1):94-8. 

31. Noorian AR, et al. Endovascular therapy in strokes with ASPECTS 5-7 may result in smaller 
infarcts and better outcomes as compared to medical treatment alone. Interv 2015;4(1-2):30-7. 

32. Olivot JM, et al. Impact of diffusion-weighted imaging lesion volume on the success of 
endovascular reperfusion therapy. Stroke 2013;44(8):2205-11. 
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33. Qureshi AI, et al. Preprocedure change in arterial occlusion in acute ischemic stroke patients 
undergoing endovascular treatment by computed tomographic angiography. Am J Emerg Med 
2015;33(5):631-4. 

34. Ribo M, et al. Age-adjusted infarct volume threshold for good outcome after endovascular 
treatment. J Neurointerv Surg 2014;6(6):418-22. 

35. Ribo M, et al. Maximal admission core lesion compatible with favorable outcome in acute 
stroke patients undergoing endovascular procedures. Stroke 2015;46(10):2849-52. 

36. Saake M, et al. Clinical/perfusion CT CBV mismatch as prognostic factor in intraarterial 
thrombectomy in acute anterior circulation stroke.[Erratum appears in Clin Neurol Neurosurg 
2014 Oct;125:239]. Clinical Neurology & Neurosurgery 2014;121:39-45. 

37. Santos EMM, et al. Thrombus permeability is associated with improved functional outcome 
and recanalization in patients with ischemic stroke. Stroke 2016;47(3):732-41. 

38. Sheth KN, et al. Advanced modality imaging evaluation in acute ischemic stroke may lead to 
delayed endovascular reperfusion therapy without improvement in clinical outcomes. J 
Neurointerv Surg 2013;5 Suppl 1:i62-5. 

39. Simonsen CZ, et al. MRI before intraarterial therapy in ischemic stroke: feasibility, impact, and 
safety. J Cereb Blood Flow Metab 2014;34(6):1076-81. 

40. Soize S, et al. Susceptibility vessel sign on T2 magnetic resonance imaging and recanalization 
results of mechanical thrombectomy with stent retrievers: A multicentre cohort study. Eur J 
Neurol 2015;22(6):967-72. 

41. To CY, et al. Outcome of mechanical thrombectomy in the very elderly for the treatment of 
acute ischemic stroke: The real world experience. Acta Radiol Open 2015;4(9):1-4. 

42. Zaidat OO, et al. North American Solitaire Stent Retriever Acute Stroke registry: post-
marketing revascularization and clinical outcome results. J Neurointerv Surg 2014;6(8):584-8. 

43. Zaidi SF, et al. Final infarct volume is a stronger predictor of outcome than recanalization in 
patients with proximal middle cerebral artery occlusion treated with endovascular therapy. 
Stroke 2012;43(12):3238-44. 

Insufficient sample size (n=22) 
1. Almekhlafi MA, et al. Ultrashort imaging to reperfusion time interval arrests core expansion in 

endovascular therapy for acute ischemic stroke. J Neurointerv Surg 2013;5(Suppl 1):i58-i61. 
2. Becktepe JS, et al. Clinical outcome after mechanical recanalization as mono- or adjunctive 

therapy in acute stroke: importance of time to recanalization. Cerebrovasc Dis 2011;32(3):211-8. 
3. Brekenfeld C, et al. Impact of retrievable stents on acute ischemic stroke treatment. AJNR 

2011;32(7):1269-73. 
4. Elijovich L, et al. CTA collateral score predicts infarct volume and clinical outcome after 

endovascular therapy for acute ischemic stroke: A retrospective chart review. J Neurointerv Surg 
2015. 

5. Gilberti N, et al. Endovascular mechanical thrombectomy in basilar artery occlusion: Variables 
affecting recanalization and outcome. J Neurol 2016. 
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6. Goyal N, et al. Posterior circulation CT angiography collaterals predict outcome of 
endovascular acute ischemic stroke therapy for basilar artery occlusion. J Neurointerv Surg 2015. 

7. Hauck EF, et al. Emergent endovascular recanalization for cervical internal carotid artery 
occlusion in patients presenting with acute stroke. Neurosurgery 2011;69(4):899-907. 

8. Huo X, et al. Endovascular mechanical thrombectomy with the Solitaire device for the 
treatment of acute basilar artery occlusion. World Neurosurg 2016. 

9. Jung S, et al. Factors that determine penumbral tissue loss in acute ischaemic stroke. Brain 
2013;136(12):3554-60. 

10. Kawiorski MM, et al. Good clinical and radiological correlation from standard perfusion 
computed tomography accurately identifies salvageable tissue in ischemic stroke. J Stroke 
Cerebrovasc Dis 2016. 

11. Khaw AV, et al. Comparing perfusion CT evaluation algorithms for predicting outcome after 
endovascular treatment in anterior circulation ischaemic stroke. Clin Radiol 2015;70(5):e41-e50. 

12. Lobsien D, et al. Mechanical thrombectomy versus systemic thrombolysis in MCA stroke: A 
distance to thrombus-based outcome analysis. J Neurointerv Surg 2015. 

13. Mascitelli JR, et al. The impact of evidence: evolving therapy for acute ischemic stroke in a large 
healthcare system. J Neurointerv Surg 2016. 

14. Ozdemir O, et al. Predictors of a good outcome after endovascular stroke treatment with stent 
retrievers. The Scientific World Journal 2015;2015:403726. 

15. Padroni M, et al. Cerebral blood volume ASPECTS is the best predictor of clinical outcome in 
acute ischemic stroke: A retrospective, combined semi-quantitative and quantitative assessment. 
PLoS ONE 2016;11(1):e0147910. 

16. Soize S, et al. Predictive factors of outcome and hemorrhage after acute ischemic stroke treated 
by mechanical thrombectomy with a stent-retriever. Neuroradiology 2013;55(8):977-87. 

17. Son S, et al. Initial factors affecting the clinical outcome after successful recanalization via MR-
based mechanical thrombectomy in patients with acute ischemic stroke due to basilar artery 
occlusion. J Neurointerv Surg 2015. 

18. Thierfelder KM, et al. Prediction of stent-retriever thrombectomy outcomes by dynamic 
multidetector CT angiography in patients with acute carotid T or MCA occlusions. AJNR 2016. 

19. Tsogkas I, et al. Added value of CT perfusion compared to CT angiography in predicting 
clinical outcomes of stroke patients treated with mechanical thrombectomy. Eur Radiol 2016. 

20. Tsujimoto M, et al. Preliminary experience with air transfer of patients for rescue endovascular 
therapy after failure of intravenous tissue plasminogen activator. Neurol Med Chir (Tokyo) 
2015;55(3):248-52. 
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22. Yoon W, et al. Predictors of good outcome after stent-retriever thrombectomy in acute basilar 
artery occlusion. Stroke 2015;46(10):2972-5. 
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Appendix T.C: Characteristics of Included Studies 

TABLE T.C.1: Characteristics of selected SRs/MAs 

Study 
Literature search Study selection Quality 

Appraisal 
tool used 

Effect 
measures Sources searched Search date Language 

limit 
Eligible 
patient 

Intervention vs. 
comparator 

Outcome 
measures 

Eligible 
study 

IPD MA (n=1) 

Goyal et 
al. 20164 

Major online databases 
incl. Medline, PubMed 

1 Jan 2010 
to 23 Dec 
2015  

NR AIS  EVT with modern 
neuro-thrombectomy 
devices  

COM RCT NR OR 

Study level SRs/MAs (n=6) 

Bush et al. 
201658 

MEC + WOS, 
ClinicalTrials.gov, 
reference list 

Through 
Nov 2015 

No  AIS,  
≥18 
years 

Stent retriever vs. IV 
tPA if eligible   

COM RCT Cochrane 
RoB 

Shift 
analysis; 
pooled 
cOR 

Touma et 
al. 201663 

MEC,ClinicalTrials.gov, 
ClinicalTrialsRegister.eu, 
reference list 

Inception to 
July 2015 

NR AIS,  
≥18 
years 

Stent retriever + tPA 
vs. tPA alone 

COM RCT Cochrane 
RoB 

RR, RD, 
NNT 

Chen et al. 
201559  

PubMed  Jan 2013 to 
May 2015 

NR AIS EVT/medical 
management (ND) 

COM + 
morea  

RCT Cochrane 
RoB 

OR 

Sardar et 
al. 201560  

MEC + Ebsco, WOS, 
CINAHL, clinical trials 
database, reference list  

Jan 1995 to 
May 2015 

English AIS EVT (IA tPA, 
thrombectomy)/IV 
tPA vs. IV tPA alone 

COM (mRS 
at 90 days) 

RCT Cochrane 
RoB 

OR 

Hong et al. 
201561 

PubMed, Embase, 
reference list 

Jan 1998 to 
May 2015 

No NR EVT (ND) vs. SC 
including IV tPA 

COM + 
moreb  

RCT Cochrane 
RoB 

Shift 
analysis  

Kennedy 
et al. 
201562 

Medline, Embase, 
Healthstar 

Search done 
Apr 2015 

No AIS,  
≥18 
years 

EVT + SC vs. SC 
including IV tPA 
alone 

mRS 0-2 at 
90 days; 90-
days 
mortality  

RCT Cochrane 
RoB 

RR 

SRs/MAs focused on impact of patient/clinical factor (n=1) 

Leng et al. 
201568  

PubMed, reference list Jan 2000 to 
Mar 2015 

English AIS (≤24 
hours 
from 
onset) 

EVT (IA tPA, MT) COM (sICH 
within 7 days 
post EVT) 

RCT, 
cohort, 
case-
control 

NOS for 
non-RCT 

RR 
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a Neurologic deterioration, recurrent stroke 
b Good activity of daily living 
AIS: acute ischemic stroke; CINAHL: Cumulative Index to Nursing and Allied Health Literature; COM: common outcome measures (including mRS 0-2 at 90 days, 
mortality at 90 days, sICH at 90 days); cOR: common odds ratio; EVT: endovascular therapy; IA: intra-arterial; IPD: individual participant data; IV: intravenous; MA: 
meta-analysis; MEC: Medline, Embase, Cochrane library; mRS: modified Rankin Scale; MT: mechanical thrombectomy; ND: not defined; NNT: number needed to 
treat; NOS: Newcastle-Ottawa Scale; NR: not reported; OR: odds ratio; RCT: randomized controlled trial; RD: risk difference; RoB: risk of bias; RR: risk ratio; SC: 
standard care; sICH: symptomatic intracranial hemorrhage; SR: systematic review; vs.: versus; tPA: tissue plasminogen activator; WOS: Web of Science 

TABLE T.C.2: Characteristics of included primary studies 
Study Study period No. of patients Imaging modality EVT time window Outcome measures 

Age (n=7) 

Klein et al. 201575 
Germany 

Mar 2007-Feb 2012 125 CT NA Mortality, mRS 0-2 at 90 
days 

Parrilla et al. 201581 
Spain 

Apr 2010-Jun 2012 150 NCCT, CTA, CTP 4.5-8 hours from onset to 
hospital arrival 

Mortality and mRS at 90 
days 

Leonard et al. 201546 
United States 

2010-2013 239 CT <12 hours from last known 
normal 

In-hospital mortality, 
sICH, mRS 0-2 

Broussalis et al. 201570 
Austria 

Dec 2009-Feb 2013 166 CT, CTA, or MRI with 
DWI and MRA 

<6 hours from onset; <12 hours 
for basilar artery occlusion; <24 
hours for patients with 
fluctuating symptoms 

Mortality at discharge 
and 90 days, mRS 

Daniere et al. 201574 
France 

Sept 2009-May 2012 165 MRI <6 hours mRS at 90 days 

Castonguay et al. 201486 
United States 

Mar 2012-Feb 2013 354 NA  NA Mortality, sICH, mRS at 
90 days 

Singer et al. 201393 
International 

Jan 2011-Nov 2012 362 CT, MRI <6 hours from onset to 
admission 

mRS 0-2 

Comorbidity (n=1) 

Kim et al. 201694 
International 

NA 143 NA <8 hours from onset Mortality, sICH, any ICH, 
mRS 0-1 and mRS 0-2 

Baseline ASPECTS (n=1) 

Kim et al. 201680 
Republic of Korea 

Dec 2010-Dec 2013 171 CT or MRI <6 hours from onset  mRS 0-2 at 90 days 
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Study Study period No. of patients Imaging modality EVT time window Outcome measures 

Vessel occlusion location (n=1) 

Protto et al. 201673 
Finland  

Jan 2013-Dec 2014 105 NCCT, CTP, CTA NA mRS at 90 days 

Baseline collateral status (n=3) 

Berkhemer et al. 201679 
Netherlands 

Dec 2010-Mar 2014 493 Collateral status 
determined by CTA  

<6 hours from onset  mRS score at 90 days 

Liebeskind et al. 201688 
United States 

NA 137 CT or MRI NA sICH by 24 hours after 
EVT, mRS 0-2 at 90 days 

Espinosa de Rueda et al. 
201582 
Spain 

Jan 2012-Jun 2014 150 CT, CTA 4.5-8 hours from onset to 
hospital arrival  

mRS at 90 days  

Use of tPA (n=2) 

Broeg-Morvay et al. 
201684 
Switzerland 

Feb 2009-Aug 2014 196 CT or MRI to rule out 
ICH, CTA or MRA to 
assess the site of vessel 
occlusion 

≤24 hours from onset mRS at 90 days 

Weber et al. 201677  
Germany 

Jun 2012-Aug 2013 250 NA ≤4.5 hours from onset sICH, mortality, mRS 0-2 
at 90 days 

Time (n=4) 

He et al. 201569 
Australia 

Oct 2009-Feb 2013 107 CT, CTA NA Mortality, mRS 0-2 at 90 
days 

Sheth et al. 201592 
Multicentre 

NA 202 CT or MRI  ˂8 hours from onset  mRS at 90 days 

Almekhlafi et al. 201471 
Canada 

Jan 2011-Dec 2012 101 NCCT, CTA NA mRS 0-2 at 90 days 

Menon et al. 201452 
International, multicentre 

NA 202 Multimodal (CT, CTP, 
MRI) 

˂8 hours from onset mRS 0-2 at 90 days 
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Study Study period No. of patients Imaging modality EVT time window Outcome measures 

Transportation method (n=4) 

Lecinana et al. 201645 
Spain 

2012-2013  201 Large vessel/CT or MRI <8 hours for anterior and <24 
hours for posterior circulation 
stoke 

Mortality, sICH, mRS 
score at 90 days 

Chung-Huan et al. 
201387 
United States 

Nov 2010-Jul 2012 193 CT, CTA, CTP NA mRS 0-2 at 90 days 

Pfaff et al. 201578 
Germany 

Jun 2010-Dec 2013 112 NCCT, CTA <8 hours from onset mRS score at 90 days 

Weber et al. 201676 
Germany 

Jun 2012-Aug 2013 643 NA NA Mortality, mRS at 90 
days 

Multivariables (n=6) 

Abilleira et al. 201483 
Spain 

Jan 2011-Dec 2012 536 MRI or CTP for patients 
≥4.5 hours from 
symptom onset 

≤8 hours from symptom onset sICH, 90-day mortality, 
90-day mRS 0-2  

Linfante et al. 201689 
Linfante et al. 201591 
NASA registry 

Mar 2012-Feb 2013 234 NA ≤8 hours from symptom onset  90-day mortality and 
mRS 0-2 

Shi et al. 201472 
Analysis of data from 
MERCI, TREVO, and 
TREVO 2 trials 

Jan 2004-Dec 2011 109 NA ≤8 hours from symptom onset 90-day mRS 0-2  

Mokin et al. 201690 
United States 

Mar 2012-Jul 2015 100 MRI, CTP, CTA ≤24 hours from symptom onset  90-day mRS 0-2 

Raychev et al. 201585 
Analysis of data from 
SWIFT trial 

NA 144 NA NA Subgroups of ICH 
including sICH, 90-day 
mortality and mRS 
scores 

CT: computed tomography; CTA: computed tomography angiography; CTP: computed tomography perfusion; DWI: diffusion-weighted imaging; EVT: 
endovascular therapy; ICH: intracranial hemorrhage; MRA: magnetic resonance angiography; MRI: magnetic resonance imaging; mRS; modified Rankin Scale; 
NA: not available; NCCT: non-contrast computed tomography; sICH: symptomatic intracranial hemorrhage; tPA: tissue plasminogen activator 
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Appendix T.D: Quality Appraisal of Included Studies 

TABLE T.D.1: Quality appraisal results of IPD MA by Goyal et al. 
Item Question Rating 

1 Is the IPD meta-analysis part of a systematic review? (No) 

1a Does it have a clear research question qualified by explicit eligibility criteria? Yes 

1b Does it have a systematic and comprehensive search strategy for identifying trials? Partial 

1c Does it have a consistent approach to data collection? Yes 

1d Does it assess the “quality” or risk of bias of included trials? Unclear 

1e Are all the methods pre-specified in a protocol? Unclear 

1f Has the protocol been registered or otherwise made available? Unclear 

2 Were all eligible trials identified? (Yes) 

2a Were fully published trials identified? Yes 

2b Were trials published in the grey literature identified? Unclear 

2c Were unpublished trials identified? Unclear 

3 Were IPD obtained for most trials? (Yes) 

3a Were IPD obtained for a large proportion of the eligible trials? Yes 

3b Was an assessment of the potential impact of missing trials undertaken? Yes 

3c Were the reasons for not obtaining IPD provided? Yes 

4 Was the integrity of the IPD checked? (Yes) 

4a Were the data checked for missing, invalid out-of-range, or inconsistent items? Yes 

4b Were there any discrepancies with the trial report (if available)? Yes 

4c Were any issues queried and, if possible, resolved? Unclear 

5 Were the analyses pre-specified in detail? (Partial) 

5a Were the detailed analysis methods included in a protocol or analysis plan? Yes 

5b Were the outcomes and methods for analyzing the effects of interventions, quantifying 
and accounting for heterogeneity, and assessing risk of bias included? 

Partial  

6 Was the risk of bias of included trials assessed? (Unclear) 

6a Were the randomization, allocation concealment, and blinding assessed? Unclear 

6b Were the IPD checked to ensure all (or most) randomized participants were included? Unclear 

6c Were all relevant outcomes included? Yes 

6d Was the quality of time-to-event-outcome data checked? Unclear 

7 Were the methods of analysis appropriate? (Unclear) 

7a Were the methods of assessing the overall effects of interventions appropriate? (Unclear) 

7ai Did researchers stratify or account for clustering of participants within trials using either a 
one- or two-stage approach to meta-analysis? 

Unclear 

7aii Was the choice of one- or two-stage analysis specified in advance and/or results for both 
approaches provided? 

Unclear 
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Item Question Rating 

7b Were the methods of assessing whether effects of interventions varied by trial characteristics appropriate? 
(Unclear) 

7bi Did researchers compare treatment effects between subgroups of trials or use meta-
regression to assess whether the overall treatment effect varied in relation to trial 
characteristics? 

Unclear 

7c Were the methods of assessing whether effects of interventions vary by participant characteristics 
appropriate? (Unclear) 

7ci Did researchers estimate an interaction separately for each trial and combine these 
across trials in a two-stage fixed effect or random effects meta-analysis? Or; 

Unclear 

7cii Did researchers incorporate one or more a treatment by participant covariate interaction 
terms in a regression model, whilst also accounting for clustering of participant, 
separating out this individual participant-level interaction from any trial-level interactions? 

Unclear 

7d If there was no evidence of a differential effect by trial or participant characteristic, was 
emphasis placed on the overall result? 

Yes 

7e Were exploratory analyses highlighted as such? Unclear 

8 Does any report of the results adhere to the Preferred Reporting Items for a Systematic 
review and Meta-analysis of IPD (The PRISMA-IPD Statement)? (No) 

Unclear  

IPD MA by Goyal et al. 2016;4 the quality appraisal tool was adapted from Tierney et al. 2015.7 
IPD: individual participant data 
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TABLE T.D.2: Quality appraisal results of SRs/MAs using AMSTAR tool 

Item Bush et al. 
201658 

Touma et al. 
201663 

Kennedy et al. 
201662 

Hong et al. 
201561 

Sardar et al. 
201560 

Chen et al. 
201559 

Leng et al. 
201568 

A1.  A priori design Yes Yes Can't answer Can't answer Can't answer No Can't answer 

A2.  Duplicate 
selection and data 
extraction 

Yes Can't answer Yes Yes Can't answer Can't answer No 

A3.  Literature search Yes Yes Yes Yes Yes No No 

A4.  Inclusion criteria Yes Yes Can't answer Can't answer Yes Can't answer Can't answer 

A5.  Studies list No No No No No No Yes 

A6.  Study 
characteristics 

Yes Yes No Yes Yes No Yes 

A7.  QA conducted Yes Yes Yes Yes Yes Yes Yes 

A8.  QA considered in 
conclusions 

Yes Yes Yes Yes No  Yes Yes 

A9.  Pooled results Yes Yes Yes Yes Yes Yes Yes 

A10.  Publication bias  Yes Yes Yes Yes Yes Can't answer No 

A11.  Conflict of interest No No No No No No No 

Overall score 9 8 6 7 6 3 5 

Quality rating High High Medium Medium Medium Low Medium 

Source for AMSTAR (A Measurement Tool to Assess Systematic Reviews) tool: Shea et al. 20078 
Quality scoring (total 11): high 8-11, medium 4-7, low 0-3 
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TABLE T.D.3a: Quality appraisal results of selected primary studies 

Methodological Criteria Klein et al. 
201675 

Parrilla et 
al. 201581 

Daniere et 
al. 201574 

Castonguay 
et al. 201486 

Leonard et 
al. 201546 

Broussalis 
et al. 201570 

Singer et 
al. 201393 

Kim et al. 
201680 

Objective of the study 

1. Is the hypothesis and/or the objective 
of the study clearly defined? 

        

Study population 

2. Was the study population defined and 
characterized? 

        

3. Were the inclusion/exclusion criteria of 
the study population clearly stated to 
enable replication of the study? 

?  ? ?     

4. Were subjects consecutively included?   ?    ?  

Study design 

5. Was study design predefined?  ?       

6. Was data collected prospectively? x x ? x x x x  

Follow-up 

7. Was missing data, lost to follow-up 
quantified? x        

Confounders 

8. Were potential confounding variables 
addressed?  

  ?   ?   

Outcome assessment 

9. Was outcome assessed at same time?     x    

10. Were outcome assessed blinded to 
the intervention status? ? ? ? ? ?  ? ? 

11. Were outcome variables clearly 
defined? ?        

Data analysis and presentation 

12. Was method for data analysis and 
presentation appropriate?  
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Methodological Criteria Klein et al. 
201675 

Parrilla et 
al. 201581 

Daniere et 
al. 201574 

Castonguay 
et al. 201486 

Leonard et 
al. 201546 

Broussalis 
et al. 201570 

Singer et 
al. 201393 

Kim et al. 
201680 

Total yes (max 12) 7 9 7 9 9 10 9 11 

Quality criteria adapted from: Engelter et al. 20069 and Rubinstein et al. 200510 
: yes; ?: unclear; x: no 

TABLE T.D.3b: Quality appraisal results of selected primary studies 

Methodological Criteria Rueda et al. 
201582 

Berkhemer 
et al. 201679 

Liebeskind 
et al. 201688 

Kim et al. 
201694 

Broeg-Morvay 
et al. 201684 

Weber et al. 
201677 

Protto et al. 
201673 

Objective of the study 

1. Is the hypothesis and/or the objective 
of the study clearly defined? 

       

Study population 

2. Was the study population defined and 
characterized? 

       

3. Were the inclusion/exclusion criteria of 
the study population clearly stated to 
enable replication of the study? 

     x  

4. Were subjects consecutively included?  ? x  x   

Study design 

5. Was study design predefined? ?       

6. Was data collected prospectively? x    x x  

Follow-up 

7. Was missing data, lost to follow-up 
quantified? 

       

Confounders 

8. Were potential confounding variables 
addressed?  

       

Outcome assessment 

9. Was outcome assessed at same time?        
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Methodological Criteria Rueda et al. 
201582 

Berkhemer 
et al. 201679 

Liebeskind 
et al. 201688 

Kim et al. 
201694 

Broeg-Morvay 
et al. 201684 

Weber et al. 
201677 

Protto et al. 
201673 

10. Were outcome assessed blinded to 
the intervention status? ?    ?  ? 

11. Were outcome variables clearly 
defined? 

       

Data analysis and presentation 

12. Was method for data analysis and 
presentation appropriate?  

       

Total yes (max 12) 9 11 11 11 9 10 10 

Quality criteria adapted from: Engelter et al. 20069 and Rubinstein et al. 200510 
: yes; ?: unclear; x: no 

TABLE T.D.3c: Quality appraisal results of selected primary studies 

Methodological Criteria He et al. 
201569 

Sheth et al. 
201592 

Almekhlafi et 
al. 201471 

Menon et al. 
201452 

Lecinana et 
al. 201645 

Sun et al. 
201387 

Pfaff et al. 
201578 

Objective of the study 

1. Is the hypothesis and/or the objective 
of the study clearly defined? 

       

Study population 

2. Was the study population defined and 
characterized? 

       

3. Were the inclusion/exclusion criteria of 
the study population clearly stated to 
enable replication of the study? 

?  x     

4. Were subjects consecutively included?  x  ?   x 

Study design 

5. Was study design predefined?        

6. Was data collected prospectively? ?  x   x  

Follow-up 

7. Was missing data, lost to follow-up 
quantified? 

   ?    
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Methodological Criteria He et al. 
201569 

Sheth et al. 
201592 

Almekhlafi et 
al. 201471 

Menon et al. 
201452 

Lecinana et 
al. 201645 

Sun et al. 
201387 

Pfaff et al. 
201578 

Confounders  

8. Were potential confounding variables 
addressed?  

  x  x   

Outcome assessment 

9. Was outcome assessed at same time?        

10. Were outcome assessed blinded to 
the intervention status? 

 ? ? ? x   

11. Were outcome variables clearly 
defined? 

       

Data analysis and presentation 

12. Was method for data analysis and 
presentation appropriate?  

       

Total yes (max 12) 10 10 8 9 10 11 11 

Quality criteria adapted from: Engelter et al. 20069 and Rubinstein et al. 200510 
: yes; ?: unclear; x: no 

TABLE T.D.3d: Quality appraisal results of selected primary studies 

Methodological Criteria Weber et al. 
201676 

Raychev et 
al. 201585 

Shi et al. 
201472 

Abilleira et 
al. 201483 

Linfante et 
al. 201689 

Mokin et al. 
201690 

Linfante et 
al. 201591 

Objective of the study 

1. Is the hypothesis and/or the objective 
of the study clearly defined? 

       

Study population 

2. Was the study population defined and 
characterized? 

 x      

3. Were the inclusion/exclusion criteria of 
the study population clearly stated to 
enable replication of the study? 

?  ?  ?  ? 

4. Were subjects consecutively 
included? 

 ? x  x x x 
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Methodological Criteria Weber et al. 
201676 

Raychev et 
al. 201585 

Shi et al. 
201472 

Abilleira et 
al. 201483 

Linfante et 
al. 201689 

Mokin et al. 
201690 

Linfante et 
al. 201591 

Study design 

5. Was study design predefined?        

6. Was data collected prospectively?   ? ? x x x 

Follow-up 

7. Was missing data, lost to follow-up 
quantified? 

 ?      

Confounders  

8. Were potential confounding variables 
addressed?  ?       

Outcome assessment 

9. Was outcome assessed at same 
time? 

       

10. Were outcome assessed blinded to 
the intervention status? 

 ? ? x x ? x 

11. Were outcome variables clearly 
defined? 

       

Data analysis and presentation 

12. Was method for data analysis and 
presentation appropriate?  

     ?  

Total yes (max 12) 10 8 8 10 8 8 8 

Quality criteria adapted from: Engelter et al. 20069 and Rubinstein et al. 200510 
: yes; ?: unclear; x: no 
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Appendix T.E: Overall Effects of EVT in Patients with Acute Ischemic Stroke 

TABLE T.E.1: Summary of IPD MA on overall effects of EVT 
Study Method Included studies/patient characteristics Outcomes/conclusions 

Goyal et al. 20164 
IPD MA 
Objective: to pool 
individual data from 
5 RCTs published 
in 2015 to address 
remaining 
questions about 
whether EVT is 
efficacious across 
the diverse 
populations 
included and other 
questions about 
the risk and 
benefits of modern 
EVT in patients 
with AIS. 

Search date: 1 Jan 2010 to 23 
Dec 2015  
Databases searched: major 
online databases including 
Medline and PubMed 
Other sources: NR 
Language restriction: NR 
Inclusion criteria:  

1) RCT 
2) used vessel imaging to 

identify patients with anterior 
circulation ischemic stroke 

3) EVT with modern neuro-
thrombectomy devices  

Study selection: NR 
Data extraction: 2 independent 
statisticians extracted patient-level 
data and cross-checked them 
against previous publications. 
QA tool used: NR 
Publication bias: NR 

No. of studies: 5 RCTs published in 2015 
Quality of RCTs: NR  
No. of patients: 1,287 (EVT: 634 vs. SMC: 653)  
Age (years): EVT: 68 (57-77) vs. SMC: 68 (59-76) 
Gender (% of females): EVT: 48% vs. SMC: 46% 
Baseline NIHSS score: EVT: 17 (14-20) vs. SMC: 17 (13-21) 
Baseline ASPECTS: EVT: 9 (7-10) vs. SMC: 9 (8-10) 
Intracranial occlusion location:  
• ICA: EVT: 133 (21%) vs. SMC: 144 (22%) 
• MCA M1: EVT: 439 (69%) vs. SMC: 452 (%)  

IV tPA: EVT: 526 (83%) vs. SMC: 569 (87%) 
IV tPA used within 3 hours: EVT: 442 (70%) vs. SMC: 462 
(71%) 
Use of retrievable stent: NR 
Process time (minutes): 
• Onset to randomization: EVT: 195.5 (142-260) vs. 

SMC:196 (142-270) 
• Onset to IV tPA: EVT: 100 (75-133) vs. SMC: 100 (74-

140)  
• Onset to reperfusion: 285 (210-362) 

Reperfusion: 402 of 570 (71%) 

Outcomes 
mRS score reduction (shift 
analysis) at 90 days:  
• adjusted OR 2.49 (95% CI 

1.76, 3.53, P<0.0001) (ss) 
• NNT with EVT to reduce 

disability by at least one level 
on mRS for one patient=2.6 

mRS 0-2 at 90 days: adjusted OR 
2.71 (95% CI 2.07, 3.55; 
P<0.0001) 
All-cause mortality at 90 days: 
adjusted OR 0.73 (95% CI 0.47, 
1.13; P=0.16) (nss) 
sICH: adjusted OR 1.07 (95% CI 
0.62, 1.84; P=0.81) (nss) 
Conclusions 
Endovascular thrombectomy is of 
benefit to most patients with AIS 
caused by occlusion of the 
proximal anterior circulation, 
irrespective of patient 
characteristics or geographic 
location. 

Data are n (%), median (IQR), or mean (SD). 
AIS: acute ischemic stroke; CI: confidence interval; EVT: endovascular therapy; ICA: internal carotid artery; IPD MA: individual participant data meta-analysis; IQR: 
interquartile range; IV tPA: intravenous tissue plasminogen activator; MCA: middle cerebral artery; mRS: modified Rankin Scale; NNT: number needed to treat; 
No.: number; NR: not reported; nss: not statistically significant; OR: odds ratio ; P: p-value; QA: quality appraisal; RCT: randomized controlled trial; SD: standard 
deviation; sICH: symptomatic intracranial hemorrhage; SMC: standard medical care; ss: statistically significant; vs.: versus 
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TABLE T.E.2: Summary of the best quality SR/MA on overall effects of EVT 
Study Method Included studies/patient characteristics Outcomes/conclusions 

Bush et al. 201658 
SR/MA 
Objective: to provide 
an overall and 
precise estimate of 
the efficacy of EVT 
predominantly using 
second-generation 
mechanical 
thrombectomy 
devices (stent-
retriever devices) 
compared to medical 
management on 
clinical and functional 
outcomes among 
patients with AIS. 

Search date: through Nov 2015  
Databases searched: Medline, Embase, 
Cochrane Collaboration Central Register of 
Controlled Clinical Trials, Web of Science, 
ClinicalTrials.gov 
Other source: reference list of relevant 
studies  
Language restriction: No 
Inclusion criteria:  

1) prospective RCT 
2) compared EVT using stent retriever and 

medical management (defined as IV tPA 
unless contraindicated) for adult (≥18 
years) patients with AIS 

3) at least one of the following outcomes: 
mRS score, mortality, sICH at 90 days 

Study selection: 2 independent reviewers 
Data extraction: 3 reviewers independently 
extracted data using a standardized protocol 
QA tool used: Cochrane risk of bias tool 
Publication bias: assessed by funnel plot, 
nss 

No. of studies: 5 RCTs published in 2015 
Quality of RCTs: all trials have low risk of selection 
bias, detection bias, attrition bias and reporting bias, 
but all trials have high risk of performance bias 
because of no blinding of participants to intervention 
No. of patients: 1,287 (EVT: 634 vs. SMC: 653) 
Age (mean): EVT: 65-71 years; SMC: 66-70 years  
Gender (% of females): EVT: 46.7% vs. SMC: 47% 
Baseline NIHSS score (mean): EVT: 16-17 vs. 
SMC: 13-18 
Baseline ASPECTS (mean): EVT: 7-9 vs. SMC: 8-9 
IV tPA: EVT: 526 (83%) vs. SMC: 573 (88%) 
Use of retrievable stent: 536 (85%) in EVT; ranging 
from 0 to 95% 
Time from onset to groin puncture (mean): 200 to 
269 minutes 
Time from onset to reperfusion (mean): 241 to 355 
minutes 
Reperfusion (mTICI 2b or 3): 373 (80.4%) 

Outcomes 
mRS score reduction at 90 
days: cOR 2.22 (95% CI 
1.66, 2.98; P<0.0001) (ss) 
All-cause mortality at 90 
days: OR 0.78 (95% CI 0.54, 
1.12; P=0.1056) (nss) 
sICH: OR 1.19 (95% CI 0.69, 
2.05; P=0.5348) (nss) 
Conclusion 
This meta-analysis 
demonstrated superior 
functional outcomes in 
patients receiving EVT 
compared to standard 
medical management. 

AIS: acute ischemic stroke; CI: confidence interval; cOR: common odds ratio; EVT: endovascular therapy; ICA: internal carotid artery; IQR: interquartile range; IV 
tPA: intravenous tissue plasminogen activator; MA: meta-analysis; MCA: middle cerebral artery; mRS: modified Rankin Scale; mTICI: modified Treatment In 
Cerebral Infarction; NNT: number needed to treat; No.: number; NR: not reported; nss: not statistically significant; OR: odds ratio; P: p-value; RCT: randomized 
controlled trial; SD: standard deviation; sICH: symptomatic intracranial hemorrhage; SMC: standard medical care; SR: systematic review; ss: statistically 
significant; vs.: versus 

  

Endovascular therapy for acute ischemic stroke  164 



 

TABLE T.E.3: Evidence from selected SRs/MAs on overall effects of EVT 

SR/MA No. incl. studies 
90-day mRS score 

(OR [95% CI]) 
90-day mRS 0-2 

(OR [95% CI]) 
90-day mortality 

(OR [95% CI]) 
sICH 

(OR [95% CI]) 

Bush et al. 201658 5 2015 RCTs  
N=1,287 

cOR 2.22 [1.66, 2.98] 
P>0.0001 

2.47 [1.92, 3.48] 0.78 [0.54, 1.12] 
P=0.1056 

1.19 [0.69, 2.05] 
P=0.5348 

Touma et a. 201663 5 2015 RCTs  
N=1,287 

NA RR 1.72 [1.48, 1.99] RR 0.82 [0.60, 1.11] RR 1.15 [0.67, 1.97] 

Kennedy et al. 
201662 

5 2015 RCTs NA 2.39 [1.88, 3.04] 0.781 [0.55. 1.12] 1.18 [0.64, 2.17] 

Chen et al. 201559 All 8 RCTs NA 1.71 [1.18, 2.49] 0.87 [0.67, 1.12] 1.12 [0.77, 1.63] 

5 2015 RCTs  NA 2.39 [1.88, 3.04] 0.77 [0.54, 1.11] 1.17 [0.63, 2.18] 

3 2013 RCTs  NA 0.98 [0.77, 1.26] 0.99 [0.67, 1.46] 1.06 [0.63, 1.78] 

Sardar et al. 201560 All 8 RCTs NA 1.73 [1.18, 2.53] 0.89 [0.68, 1.15] 1.07 [0.73, 1.56] 

5 2015 RCTs NA 2.42 [1.91, 3.08] 0.80 [0.54, 1.18] 1.08 [0.62, 1.88] 

Hong et al. 201561 15 RCTs (7 on IA tPA + 
8 RCTs)  

NA 1.79 [1.34, 2.40] 0.87 [0.71, 1.05] 1.19 [0.83, 1.69] 

5 2015 RCTs NA 2.39 [1.88, 3.04] 0.78 [0.54, 1.12] 1.08 [0.61, 1.88] 

Note: For those reported ORs derived from both random effect or fixed effect model, only ORs by random effect was presented. 
CI: confidence interval; cOR: common odds ratio; mRS: modified Rankin Scale; NA: not available; OR: odds ratio; P: p-value; RCT: randomized controlled trial; 
sICH: symptomatic intracranial hemorrhage 
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Appendix T.F: Impact of Patient/Clinical Factors on Clinical Outcomes 

TABLE T.F.1: Subgroup analyses results from the IPD MA by Goyal et al. 

Factor Cut-off No. of 
patients 

mRS scores at 90 days mRS 0-2 at 90 days Mortality within 90 days 

cOR [95% CI] p-value for 
interaction RR [95% CI] p-value for 

interaction RR [95% CI] p-value for 
interaction 

Age <80 years 1,080 2.44 [1.70, 3.50] 0.07 1.69 [1.39, 2.07]  0.95 [0.69, 1.32]  

≥80 years 198 3.68 [1.95, 6.92]  2.09 [1.03, 4.25]  0.60 [0.36, 0.99]  

Sex Male 676 2.54 [1.92, 3.36] 0.34 1.72 [1.33, 2.29]  0.69 [0.48, 1.01]  

Female 601 2.38 [1.46, 3.88]  1.77 [1.34, 2.36]  0.89 [0.50, 1.58]  

Baseline NIHSS 
score 

≤10 177 1.67 [0.80, 3.50] 0.45 1.20 [0.81, 1.78]  0.77 [0.19, 3.09]  

11-15 307 2.68 [1.39, 5.19]  1.70 [1.19, 2.43]  0.74 [0.36, 1.52]  

16-20 473 2.81 [1.80, 4.38]  2.03 [1.42, 2.90]  0.74 [0.48, 1.14]  

≥21 321 2.52 [1.40, 4.54]  1.80 [1.09, 2.96]  0.93 [0.60, 1.46]  

Baseline 
ASPECTS 

0-5 124* 1.24 [0.62, 2.49] 0.29 1.77 [0.81, 3.89]  0.85 [0.43, 1.68]  

6-8 475 2.34 [1.68, 3.26]  1.83 [1.31, 2.55]  0.72 [0.45, 1.14]  

9-10 682 2.66 [1.61, 4.40]  1.66 [1.27, 2.16]  0.77 [0.44, 1.34]  

Location of 
occlusion 

ICA 274 3.96 [1.65, 9.48] 0.17 2.11 [1.25, 3.56]  0.76 [0.44, 1.30]  

MCA M1 887 2.29 [1.73, 3.04]  1.74 [1.40, 2.18]  0.83 [0.59, 1.15]  

MCA M2 94 1.28 [0.51, 3.21]  1.11 [0.60, 2.04]  1.05 [0.35, 3.16]  

Time from onset 
to randomization  

<5 hours 1,070 2.66 [1.83, 3.87] 0.10 1.76 [1.43, 2.16]  0.77 [0.53, 1.12]  

≥5 hours 208 1.76 [1.05, 2.97]  1.55 [0.93, 2.58]  1.15 [0.53, 2.50]  

Use of IV tPA Yes 1,090 2.45 [1.68, 3.57] 0.43 1.67 [1.37, 2.05]  0.75 [0.50, 1.12]  

No  188 2.43 [1.30, 4.55]  2.05 [1.16, 3.63]  1.11 [0.60, 2.07]  

Total  1,278 2.49 [1.76, 3.53] 0.43 1.73 [1.43, 2.09] NA 0.82 [0.62, 1.08] 0.33 

IPD MA by Goyal et al. 20164 
* n=121 for mRS 0-2 
CI: confidence interval; cOR: common odds ratio; ICA: internal carotid artery; IV tPA: intravenous tissue plasminogen activator; MCA: middle cerebral artery; mRS: 
modified Rankin Scale; NA: not available; No.: number; RR: risk ratio  
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TABLE T.F.2: Subgroup analysis results from the SR/MA by Bush et al. 

Factor Cut-off No. of trials No. of patients 
mRS scores at 90 days 

Pooled OR [95% CI] Effect p-value p-value for interaction 

Age <70 years 2 NA 2.41 [1.51, 3.84] 0.0002 0.8783 

≥70 years 4 NA 2.26 [1.20, 4.26] 0.0113  

Sex Male 2 NA 2.60 [1.65, 4.10] <0.0001 0.9255 

Female 2 NA 2.53 [1.63, 3.90] <0.0001  

Baseline NIHSS 
score 

<17 3 NA 1.77 [1.22, 2.58] 0.0028 0.3761 

≥17 4 NA 2.23 [1.58, 3.15] <0.0001  

Baseline ASPECTS 
score 

0-7 4 NA 1.82 [1.19, 2.79] 0.0061 0.5274 

8-10 4 NA 2.19 [1.61, 2.98] <0.0001  

Use of IV tPA  Yes 3 NA 1.85 [1.39, 2.46] <0.0001 0.1884 

No 5 NA 2.41 [1.76, 3.31] <0.0001  

Overall   5 1,287 2.22 [1.66, 2.98] <0.0001  

SR/MA by Bush et al. 201658 
CI: confidence interval; IV tPA: intravenous tissue plasminogen activator; MA: meta-analysis; mRS: modified Rankin Scale; No.: number; OR: odds ratio; SR: 
systematic review 
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TABLE T.F.3: Impact of collateral status on EVT effects – evidence from the SR/MA by Leng et al. 

SR/MA by Leng et al. 201568 
AIS: acute ischemic stroke; ASITN/SIR: American Society of Intervention and Therapeutic Neuroradiology/Society of Interventional Radiology; CFS: Collateral flow 
score; CI: confidence interval; CT: computed tomography; CTA: computed tomography angiography; CTP: computed tomography perfusion; DSA: digital 
subtraction angiography; EVT: endovascular therapy; IA: intra-arterial; IV: intravenous; MA: meta-analysis; mRS: modified Rankin Scale; MT: mechanical 
thrombectomy; No.: number; NOS: Newcastle-Ottawa Scale; P: p-value; RCT: randomized controlled trials; RR: risk ratio; sICH: symptomatic intracranial 
hemorrhage; SR: systematic review; tPA: tissue plasminogen activator 

  

SR/MA Included studies Patient/treatment 
Imaging modality/collateral 

grading methods  
(no. of studies) 

Outcomes 
(good vs. poor 

collateral status) 
Conclusion 

Leng et al. 
201568  
Objective: to 
investigate the 
role of 
pretreatment 
collateral status 
in predicting the 
efficacy and 
safety of EVT in 
AIS due to 
cervical and/or 
cerebral arterial 
occlusions. 

N=35 (total 3,542 
patients), published 
from Jan 2000 to 
March 2015 (28 
published from 2011 
onwards) 
3 RCTs, others are 
retrospective 
reporting of 
prospectively 
registered single-
arm clinical trials or 
other cohort studies 
23 studies that 
reported correlation 
between collateral 
status and outcomes 
were included for 
MA 
Quality of included 
studies 
NOS ≥6: 22 studies  
NOS <6: 1 study 
(due to the 
inadequate follow-up 
and low 
comparability of the 
cohorts) 

No. of patients: 
N=2,652 from 23 studies for MA 
Mean 115 patients 
Median 84 (range 11-623) 
patients 
Age (mean): range from 60 to 72 
years 
Male: range from 32 to 65% 
Baseline NIHSS score 
(median): range from 14 to 28 
Baseline ASPECTS: NR 
Location of occlusion: anterior 
circulation: 17 studies; posterior 
circulation: 2 studies; both 
anterior and posterior: 2 studies  
Prior IV tPA: yes in 19 studies   
Time window for EVT: range 
from 4.5 to 12 hours; 6 hours in 6 
studies; 8 hours for anterior and 
24 hours for posterior circulation 
in 1 study; unknown in 10 studies 
Mode of EVT: 
IV tPA + MT: 17 studies  
MT only: 2 studies 
IA tPA only: 4 studies 

• ASITN/SIR collateral flow 
grading system (0-4) by DSA (9)  

• Pial collateral score (1-5) by 
DSA (2) 

• Graded as no, poor, or good (0-
2) by DSA (2)  

• Graded as poor, moderate, 
sufficient by DSA (1) 

• Collateral circulation score (0-5) 
by DSA (1) 

• Capillary index score (0-3) by 
DSA (1) 

• Leptomeningeal collateral 
graded to 4 categories (0-3) by 
CTA (2) 

• CTA collateralization score (0-3) 
by CTA (1) 

• Regional leptomeningeal 
collateral score (0-20) by CTA 
(1) 

• Presence or absence of 
posterior communicating 
arteries by CTA (1) 

• CFS on volume transfer 
constant maps (1-4) by CTP (1) 

• Dual-phase CT (CTA+ delayed 
contrast enhanced CT) 
collateral score (0-3) by Dual-
phase CT (1)  

mRS 0-2 at 90-day 
(n=19 studies): 
RR 1.98 (95% CI 
1.64, 2.38; P<0.001) 
Mortality 90-day 
(n=10 studies): 
RR 0.49 (95% CI 
0.38, 0.63; P<0.001) 
Peri-procedural 
sICH (n=11 studies): 
RR 0.59 (95% CI 
0.43, 0.81; P<0.001) 

Good 
pretreatment 
collateral status is 
associated with 
higher rates of 
favourable 
functional 
outcome, and 
lower rates of 
sICH and 
mortality, in 
patients with AIS 
receiving EVT.  
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TABLE T.F.4: Impact of age on EVT clinical outcomes – evidence from primary studies 

Study No. of 
patients 

Age  
cut-off 

Age 
median Male 

Baseline 
NIHSS 
score 

median 
(range) 

Baseline 
ASPECTS 
median 
(range) 

Prior 
use of 
IV tPA 

OTR 
mean 

Successful 
recanalization, 

TlCl 2b/3 

Clinical outcomes 

mRS  
0-2, 90 
days 

Mortality, 
90 days sICH 

Klein et al. 
201675 
Germany 
Single 
centre 

125 
range  
18-96 

<80 yrs 
(n=85) NA NA 15 (2-25) 8 (3-10) 64% 272±85 

min 82.4% 55% 12% 2.4% 

≥80 yrs 
(n=40) NA NA 15 (4-22) 9 (3-10) 73% 257±97 

min 80.0% 12% 33% 0% 

p-value NA NA 0.89 0.1 0.3 0.5 0.81 <0.0001 <0.01 0.46 

Parrilla et 
al. 201581 
Spain  

150 

<80 yrs 
(n=116) NA 56.9

% 16.8 NA 48.3% 
350 min 
(296.3-
452.8)  

93.9% 57% 17% 2.6% 

≥80 yrs 
(n=34) NA 35.3

% 18.1 NA 32.4% 

380.5 
min 

(298-
526.3)  

88.2% 14% 35% 5.9% 

p-value NA 0.03 0.3 NA 0.1 0.3 0.1 0.0001 0.02 0.3 

Leonard et 
al. 201546 
USA 239 

55-79 yrs 
(n=176) 67.5 yrs 47% 18 (13-23) NA 61% NA NA 19% 18% 5% 

≥80 yrs 
(n=63) 84 yrs 29% 17 (12-20) NA 52% NA NA 13% 24% 10% 

p-value <.0001 0.01 0.19 NA 0.21 NA NA 0.27 0.28 0.23 

Broussalis 
et al. 201570 
Austria 

166 

<80 yrs 
(n=138) 

65.2 yrs 
(27.5-
79.6)  

57% 18 (4-28) NA 62% NA 72% 66/125 
(48%) 

16/138 
(12%) NA 

≥80 yrs 
(n=28) 

82.5 yrs 
(80.0-
89.9)  

54% 18 (6-28) NA 50% NA 68% 5/22 
(24%) 

10/28 
(36%) NA 

p-value <.0001 0.84 0.47 NA 0.32 NA NA 0.008 0.0013 NA 
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Study No. of 
patients 

Age  
cut-off 

Age 
median Male 

Baseline 
NIHSS 
score 

median 
(range) 

Baseline 
ASPECTS 
median 
(range) 

Prior 
use of 
IV tPA 

OTR 
mean 

Successful 
recanalization, 

TlCl 2b/3 

Clinical outcomes 

mRS  
0-2, 90 
days 

Mortality, 
90 days sICH 

Castonguay 
et al. 201486 
USA 
Analysis of 
NASA 
registry 
data 

354 

<80 yrs 
(n=276) 65 yrs 53.8

% 17.9±6.8* NA 42.6% NA 73.1% 113/276 
(45%) 

68/276 
(27.3%) 

25/276 
(9.1%) 

≥80 yrs 
(n=78) 84 yrs 34.6

% 18.9±5.8* NA 47.4% NA 69.2% 18/78 
(27%) 

29/78 
(43.9%) 

10/78 
(12.8%) 

p-value <.0001 .003 0.2 NA 0.4 NA 0.5 0.02 0.01 0.4 

Daniere et 
al. 201574 
France 
RECOST 
trial 

165 

<50 yrs 
(n=20) NA 45% 16 6.39 65 320 min 79% 72% 6% NA 

50-59 yrs 
(n=23) NA 12% 15 6.27 70 329 min 83% 52% 5% NA 

60-69 yrs 
(n=35) NA 22% 17 5.77 66 272 min 89% 58% 9% NA 

70-79 yrs 
(n=58) NA 33% 18 6.43 72 323 min 77% 28% 26% NA 

≥80 yrs 
(n=29) NA 11% 19 7.25 55 320 min 76% 19% 35% NA 

Singer et al. 
201393 
Endostroke 
registry 
(Inter-
national) 

362 

18-56 yrs NA NA 15  
(12, 19)** NA NA NA NA 60% NA NA 

57-68 yrs NA NA 16  
(13, 19)** NA NA NA NA 47% NA NA 

69-76 yrs NA NA 16  
(13, 20)** NA NA NA NA 37% NA NA 

77-94 yrs NA NA 17  
(13, 19)** NA NA NA NA 17% NA NA 

* mean±SD 
** median (IQR) 
IQR: interquartile range; IV tPA; intravenous; tissue plasminogen activator; min: minutes; mRS; modified Rankin Scale; NA: not available; OTR: onset to 
recanalization/reperfusion; SD: standard deviation; sICH: symptomatic intracranial hemorrhage; TICI: Thrombolysis In Cerebral Infarction; yrs: years  
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TABLE T.F.5: Impact of comorbidity on EVT clinical outcomes – evidence from primary studies 

Study No. of 
patients Glucose cut-off 

Clinical outcomes 

mRS 0-1, 90 days mRS 0-2, 90 days Mortality, 90 days sICH 

Kim et al. 201694 
Post-hoc analysis 
of SWIFT trial 

143 

≤140 mg/dL (n=95) 28/83 (34%) 34/83 (41%) 23/95 (24%) 8/95 (8%) 

>140 mg/dL (n=48) 6/46 (13%) 12/46 (26%) 13/48 (27%) 3/48 (6%) 

p-value 0.01 0.13 0.84 0.75 

unadjusted OR [95% CI] 0.29 [0.11-0.78] 0.51 [0.23-1.12] 0.86 [0.39-1.90] 1.38 [0.35-5.45] 

p-value 0.01 0.09 0.71 0.65 
adjusted OR [95% CI] 0.22 [0.06-0.82] 0.46 [0.17-1.30] 0.81 [0.32-2.03] 1.20 [0.29-4.94] 

p-value 0.02 0.14 0.65 0.80 

CI: confidence interval; mRS: modified Rankin Scale; OR: odds ratio; sICH: symptomatic intracranial hemorrhage 

TABLE T.F.6: Impact of baseline aspects on EVT clinical outcomes – evidence from primary studies 

Study No. of 
patients ASPECTS cut-off 

Clinical outcomes 

mRS 0-2, 90 days Mortality, 90 days sICH 

Kim et al. 201680 
Spain 

171 

Total (N=171) 81 (47.4%) 16 (9.4%) 6 (3.5%) 

7-10 (n=120) 61 (50.8%) 9 (7.5%) 4 (3.3%) 
4-6 (n=51) 20 (39.2%) 7 (13.7%) 2 (3.9%) 

p-value 0.164 0.201 1.000 

mRS: modified Rankin Scale; sICH: symptomatic intracranial hemorrhage 

TABLE T.F.7: Impact of vessel occlusion location on EVT clinical outcomes – evidence from primary studies 

Study No. of 
patients Cut-off 

Clinical outcomes 

mRS 0-1, 90 days mRS 0-2, 90 days Mortality, 90 days sICH 

Protto et al. 
201673 
Single centre 
Finland  

105 

All patients (N=105) 40 (39) 57 (55) 15 (14) 20 (19)a 

ICA (n=37) 16 (44) 17 (47) 6 (17) 8 (22)a 
MCA M1 (n=46) 19 (41) 29 (63) 6 (13) 8 (18)a 

MCA M2 (n=22) 5 (23) 11 (50) 3 (14) 4 (18)a 

p-value 0.22 0.32 0.89 0.9 
a hemorrhagic complications at 24 hours 
ICA: internal carotid artery; MCA: middle cerebral artery; mRS: modified Rankin Scale; sICH: symptomatic intracranial hemorrhage 
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TABLE T.F.8a: Impact of baseline collateral status on EVT clinical outcomes – evidence from primary studies 

Study No. of 
patients 

Method to 
determine 
collateral 

status 

Collateral grade OTR median 

Clinical outcomes (OR [95% CI]) 

mRS, 90 days 
(adjusted 

cOR) 

mRS 0-2, 90 
days 

Mortality, 90 
days sICH 

Berkhemer et al. 
201679 
Post-hoc 
analysis of MR 
CLEAN trial 

493 
CTA with a  

4-point scale 
(0-3)* 

0 (absent) (n=26) 308 min  
(IQR 272-341) 1.0 [0.1, 8.7] NA NA NA 

1 (poor) (n=136) 334 min 
(IQR 275-411) 1.2 [0.7, 2.3] 0.8 [0.3, 2.3] NA NA 

2 (moderate) (n=198) 339 min 
(IQR 277-388) 1.6 [1, 2.7] 2.2 [1.1, 4.5] NA NA 

3 (good) (n=133) 341 min 
(IQR 274-387) 3.2 [1.7, 6.2] 4.2 [1.9, 9.3] NA NA 

p-value 0.038 0.018 NA NA 

Liebeskind et al. 
201688 
Post-hoc 
analysis of 
SWIFT trial  

137 
ASITN/SIR 
scale on 

angiography 

0-1 (n=32) ** NA 3/30  
(10%) 

17/30 
(56.7%) 

11/32 
(34.4%) 

2 (n=48) ** NA 11/41  
(26.8%) 

10/40 
(24.4%) 

17/48 
(35.4%) 

3 (n=35) ** NA 18/32  
(56.3%) 

3/32  
(9.4%) 

6/35 
(17.1%) 

4 (n=4) ** NA 2/3  
(66.7%) 

0/3  
(0.0%) 

0/4  
(0.00%) 

p-value NA 0.0001 0.000 0.1379 

* In Berkhemer et al. 2016, CTA collateral score is defined as: 0, 1, 2, 3 indicates 0%, >0 and ≤ 50%, >50 and <100%, and 100% filling of occluded territory, 
respectively.79  
** Clarification on OTR times provided by Liebeskind et al. needed, no response received from authors at time of writing. 
ASITN/SIR: American Society of Intervention and Therapeutic Neuroradiology/Society of Interventional Radiology; CI: confidence interval; cOR: common odds 
ratio; CTA: computed tomography angiography; IQR: interquartile range; min: minutes; mRS: modified Rankin Scale; NA: not available; OR: odds ratio; OTR: 
onset to recanalization/reperfusion; sICH: symptomatic intracranial hemorrhage 
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TABLE T.F.8b: Impact of baseline collateral status on EVT clinical outcomes – evidence from primary studies 

Study No. of patients 
Method to 
determine 

collateral status 
Collateral grade 

No. of patients 
with poor 

collateral grade 

mRS 0-2,  
90 days 

mRS 3-6 ,  
90 days P value 

Espinosa de 
Rueda et al. 
201582 
Spain 

150  
(57% had futile 
recanalization) 

CTA with a 
collateral grading 
of poor and good* 

Poor 38 (25.3%) 2 (3.1%) 36 (41.9%) <0.001 

* CTA collateral score is defined as: poor ≤50% of the middle cerebral artery territory; good >50% of the middle cerebral artery territory. 
CTA: computed tomography angiography; mRS: modified Rankin Scale 

TABLE T.F.9: Impact of use of IV tPA on EVT clinical outcomes – evidence from primary studies 

Study No. of 
patients Use of tPA 

Clinical outcomes 

mRS 0-1, 90 days mRS 0-2, 90 days Mortality, 90 days sICH 

Broeg-Morvay 
et al. 201684 
Single centre  
Switzerland 
Retrospective 

196 

tPA + EVT (n=156) 50/156 (32.1%) 71/156 (45.5%) 41/156 (26.3%) 7/156 (4.5%) 

EVT alone (n=40) 11/40 (27.5%) 17/40 (42.5%) 8/40 (20%) 1/40 (2.5%) 

p-value 0.70 0.86 0.54 1.0 

Multivariate 
matching 
analysis 

80 

tPA + EVT (n=40) 11 (27.5%) 17 (42.5%) 19 (47.5%) 1 (2.5%) 

EVT alone (n=40) 11 (27.5%) 17 (42.5%) 8 (20%) 1 (2.5%) 

p-value 1.0 1.0 0.007 1.0 

Weber et al. 
201677 
Single centre  
Germany  
Retrospective  

250 

tPA + EVT (n=105) NA 37 (35.2%) 28 (26.7%) 6 (5.9%) 

EVT alone (n=145) NA 58 (40%) 46 (31.7%) 5 (3.5%) 

p-value NA 0.444 0.3387 0.387 

EVT alone 
145 

EVT alone without 
contraindication to tPA (n=70) NA 34 (48.6%) 18 (25.7%) 2 (2.9%) 

EVT alone with 
contraindication to tPA (n=75) NA 24 (32.0%) 28 (37.3%) 3 (4.1%) 

p-value NA 0.042 0.133 0.708 

EVT: endovascular therapy; mRS: modified Rankin Scale; NA: not available; sICH: symptomatic intracranial hemorrhage; tPA: tissue plasminogen activator 
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TABLE T.F.10a: Impact of time on EVT clinical outcomes – evidence from primary studies 

Study No. of patients 
Time, median (IQR) Clinical outcomes 

OTGP OTR mRS, 90 days 
(mean±SD) 

mRS 0-1,  
90 days 

mRS 0-2,  
90 days Mortality sICH 

Sheth et al. 
201592  
SWIFT and 
STAR trials* 
(all reached 
recanalization) 

N=202 255 min  
(197-315) 

300 min 
 (236-360) 2.3 ±1.9 43% 58% 5%  

(in-hospital) 3% 

Group 1 (n=54) 
OTR 124-240 min 

160 min 
 (123-180) 

198 min 
 (170-217) 1.4 ± 1.6 69% 81% 2%  

(in-hospital) 2% 

Group 2 (n=99) 
OTR 241-360 min 

257 min 
 (236-281) 

302 min 
 (272-330) 2.4 ± 1.8 40% 55% 6%  

(in-hospital) 4% 

Group 3 (n=49) 
OTR 361-660 min 

382 minutes 
(336-426) 

432 min 
 (390-478) 3.3 ± 1.8 23% 35% 8%  

(in-hospital) 4% 

p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.345 0.751 

Almekhlafi et 
al. 201471 
Canada  

N=110 

Group 1 (n=54) 
Treated during 
working hours 

NA 262 min NA NA 52.1% 5.6% 9% 

Group 2 (n=56) 
Treated evenings/ 

weekends 
NA 264 min NA NA 64.3% 2% 4% 

p-value NA 0.9 NA NA 0.2 0.3 0.2 

* SWIFT and STAR trials are two large stent retriever based studies 
DSA: digital subtraction angiography; IQR: interquartile range; min: minutes; mRS: modified Rankin Scale; NA: not available; OTGP: onset to groin puncture; OTR: 
onset to recanalization/reperfusion; SD: standard deviation; sICH: symptomatic intracranial hemorrhage 
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TABLE T.F.10b: Impact of time from onset to recanalization on mRS at 90 days 

Study No. of 
patients 

OTR, median (IQR) OR for mRS 0-2, 90 days 
Interpretation Good outcome 

(mRS 0-2; n=54) 
Poor outcome 

(mRS 3-6; n=53) p-value OR [95% CI] p-value 

He et al. 201569 
Single centre  
Australia  

107 305 min  
(266-372) 

360 min  
(295-429) 0.010 

Adjusted OR 0.896 
[0.815, 0.985] per  

15-min OTR increase 
0.023 

For every 15-min delay in 
recanalization, the odds of good 
outcome decreased by 10%. 

Menon et al. 
201452 
STAR triala 
14 centres in 
Europe, Canada, 
and Australia 

202 NA NA NA 0.62 [0.48-0.80] <0.001 

For each 1-hr increase in 
symptom onset to final DSA (or 
OTR) time, odds of good clinical 
outcome decreased by 38%. 

a STAR: Solitaire FR Thrombectomy for Acute Revascularization, a multi-centre, prospective, single arm study in Solitaire FR thrombectomy in large vessel 
anterior circulation stroke patients 
CI: confidence interval; DSA: digital subtraction angiography; hr: hour; IQR: interquartile range; min: minutes; mRS: modified Rankin Scale; NA: not available; OR: 
odds ratio; OTGP: onset to groin puncture; OTR: onset to recanalization/reperfusion 
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TABLE T.F.11: Impact of transportation method on EVT clinical outcomes – evidence from primary studies 

Study Transportation 
method 

Distance to 
CSC, median 

Time metrics, median Clinical outcomes 

Onset to groin 
puncture 

Initial CT to groin 
puncture OTR mRS 0-2, 

90 days 
Mortality, 
90 days sICH 

Weber et al. 
201676 
17 centres 
Germany  
N=643 

Mothership 
(n=300) NA 150 min 

(range 34-913) 
61 min  

(range 12-317) 
245 min  

(range 69-1,022) 44.0% 21.9% NA 

Drip-and-ship 
(n=343) NA 233 min  

(range 60-1,260) 
139 min  

(range 32-705) 
292 min  

(range 91-1,376) 35.7% 24.1% NA 

p-value NA <0.001 <0.0 01 <0.001 0.08 0.53 NA 

Lecinana et 
al. 201645 
Spain  
N=201 

Mothership 
(n=94) NA 230 min  

(IQR 180;330) NA 285 min  
(IQR 225;367.5) 12% 56% 3% 

Drip-and-ship 
(n=107) NA 323 min  

(IQR 260;420) NA 372.5 min 
(IQR 305; 453.5) 11% 58% 3% 

p-value NA <0.001 NA <0.001 nss nss nss 

Pfaff et al. 
201578 
Germany 
N=112 

Mothership 
(n=74) NA 178 min  

(IQR150-210) 
83 min  

(IQR 68-120) NA 26 
(35.1%) NA 9 

(12.1%) 

Drip-and-ship 1 
(local) 
(n=20) 

22.7 km  
(range 14.3-

41.8) 

274 min  
(IQR 238-349) 

174 min 
 (IQR159-208) NA 8 (40%) NA 4 (20%) 

Drip-and-ship 2 
(regional) 

(n=18) 

74.2 km  
(range 47.5-

92.7) 

293 min  
(IQR 256-329) 

220 min 
 (IQR181-235) NA 9 (50%) NA 1 (5.9%) 

p-value <0.001 

<0.001 for 
mothership vs.  
drip-and-ship 1, 
mothership vs.  
drip-and-ship 2 

0.362 for  
drip-and-ship 1 vs. 

drip-and-ship 2 

<0.001 for 
mothership vs.  
drip-and-ship 1, 
mothership vs.  
drip-and-ship 2 

0.109 for  
drip-and-ship 1 vs. 

drip-and-ship 2 

NA 0.502 NA 0.407 
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Study Transportation 
method 

Distance to 
CSC, median 

Time metrics, median Clinical outcomes 

Onset to groin 
puncture 

Initial CT to groin 
puncture OTR mRS 0-2, 

90 days 
Mortality, 
90 days sICH 

Chung-Huan 
et al. 201387 
Single 
centre 
United 
States 
N=193 

Mothership 
(n=61) NA 177 min  

(IQR 145-268) 
89 min  

(IQR 70-119) NA 31/61 
(51%) NA NA 

Drip-and-ship 
(n=132) 

32.2 km  
(IQR 22.5-64.4) 

(air 
transportation 

63%) 

301 min  
(IQR 252-362) 

205 min  
(IQR162-274) NA 38/132 

(29%) NA NA 

p-value NA <0.001 <0.001 NA 0.003 NA NA 

CSC: comprehensive stroke centre; CT: computed tomography; IQR: interquartile range; km: kilometres; min: minutes; mRS: modified Rankin Scale; NA: not 
available; nss: not statistically significant; OTR: onset to recanalization/reperfusion; sICH: symptomatic intracranial hemorrhage 
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TABLE T.F.12a: Impact of multiple factors on EVT clinical outcomes – evidence from primary studies 

Study Patients/intervention Variables analyzed 
Clinical outcomes [95% CI] 

sICH 90-day mortality 90-day mRs 0-2 

Abilleira et al. 
201483 
Multicentre 
registry data 
from January 
2011 to 
December 
2012 
Spain 

N=536 consecutive patients 
Age, mean±SD: 67.5±13.4 years 
Male: 54.9% 
Baseline NIHSS score, median (IQR): 
17.5 (13, 21) 
Anterior occlusion: 87.9% 
Use of IV tPA: 53% 
Time from onset to tPA, median 
(IQR): 118 minutes (70, 183) 
OTP, median (IQR): 277 minutes (190, 
395) 
EVT duration, median (IQR): 95 
minutes (60, 135) 
Reperfusion rate: 73.9% [95% CI 
69.9, 77.6]  

Age:  ≤80 years (n=455)  
 vs.  
 >80 years (n=81) 

5.5% [3.6, 8]  
vs.  

6.2% [2, 13.8] 

20.2% [16.6, 24.2]  
vs.  

33.3% [23.2, 44.7]† 

47.9% [43.2, 52.6] 
vs.  

17.3% [9.8, 27.3]ǂ 

OTP: ≤6 hours (n=382)  
 vs.  
 >6 hours (n=154) 

4.5% [2.6, 7]  
vs.  

8.4% [4.6, 14] 

21.7% [17.7, 26.2]  
vs.  

23.4% [16.9, 30.9] 

46.3% [41.2, 51.5] 
vs. 

 35.7% [28.2, 43.8]# 

Occlusion: anterior (n=471)  
 vs.  
 posterior (n=285)  

5.3% [3.5, 7.7]  
vs.  

7.7% [2.5, 17] 

20.6% [17, 24.5]  
vs.  

33.9% [22.6, 46.6]# 

44% [39.4, 48.6]  
vs.  

38.5% [26.7, 51.4] 

Use of IV tPA: yes (n=285)  
 vs.  
 no (n=251) 

4.5% [2.4, 7.6]  
vs. 

 6.8% [4, 10.7] 

20.7% [16.1, 25.9]  
vs.  

23.9% [18.8, 29.7] 

45.8% [39.9, 51.8] 
vs.  

40.4% [34.2, 46.8] 

Revascularization: yes (n=396)  
 vs.  
 no (n=140) 

3% [1.6, 5.2]  
vs.  

12.9% [7.8, 19.6]ǂ 

15.2% [11.8, 19.1]  
vs.  

42.1% [33.9, 50.8]ǂ 

53.5% [48.5, 58.5]  
vs.  

14.3% [8.9, 21.2]ǂ 
# P <0.05 
† P<0.01 
ǂ P<0.001 
CI: confidence interval; EVT: endovascular therapy; IQR: interquartile range; IV tPA: intravenous tissue plasminogen activator; mRS: modified Rankin Scale; OTP: 
onset to groin puncture; P: p-value; SD: standard deviation; sICH: symptomatic intracranial hemorrhage 
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TABLE T.F.12b: Impact of multiple factors on EVT clinical outcomes – evidence from primary studies 

Study Variables 
analyzed 

mRS 0-2 
(n=118) 

mRS 3-6 
(n=116) 

Unadjusted 
OR [95% CI] 

Adjusted OR 
[95% CI] 

Alive 
(n=175) 

Died 
(n=59) 

Unadjusted 
OR [95% CI] 

Adjusted OR 
[95% CI] 

Linfante et al. 
201689 
Linfante et al. 
201591 
Analysis of 
data from 
NASA registry 
N=234 
patients who 
achieved 
successful 
recanalization  

Age ≥80 years 
vs. <80 years 

20/118 
(17%) 

33/116 
(28%) 

1.95  
[1.04, 3.65]# 

2.5  
[1.21, 5.19]# 

37/175 
(21%) 

16/59 
(27%) 

1.39  
[0.70, 2.74] - 

Male vs. female 52/117 
(44%) 

62/116 
(53%) 

1.44  
[0.86, 2.40] - 81/174 

(47%) 
33/59 
(56%) 

1.46  
[0.80, 2.64] - 

ICA/basilar site 
vs. MCA M1/M2 

29/118 
(25%) 

46/116 
(40%) 

2.02  
[1.15, 3.53]# 

2.18  
[1.10, 4.33]# 

46/175 
(26%) 

29/59 
(49%) 

2.71  
[1.47, 5.00] † 

2.11  
[1.09, 4.07] # 

NIHSS score 
≥18 vs. ≤17 

42/117 
(36%) 

73/111 
(66%) 

3.43  
[1.99, 5.91]ǂ 

4.51  
[2.33, 8.71]ǂ 

74/172 
(43%) 

41/56 
(73%) 

3.62  
[1.86, 7.03] ǂ 

3.56  
[1.79, 7.10] ǂ 

No IV tPA 57/118 
(48%) 

76/115 
(66%) 

2.09  
[1.23, 3.54]† 

2.81  
[1.47, 5.36]† 

95/175 
(54%) 

38/59 
(66%) 

1.60  
[0.86, 2.97] - 

Time to 
recanalization  
≥30 minutes vs. 
<30 minutes 

69/105 
(66%) 

84/104 
(83%) 

2.49  
[1.28, 4.59]† - 112/155 

(72%) 
43/54 
(80%) 

1.41  
[0.68, 2.92] - 

Comorbidities 

Atrial fibrillation 46/118 
(39%) 

52/116 
(45%) 

1.27  
[0.76, 2.14] - 70/175 

(40%) 
28/59 
(47%) 

1.35  
[0.75, 2.45] - 

Diabetes 22/118 
(19%) 

39/116 
(34%) 

2.21  
[1.21, 4.04]# 

2.82  
[1.37, 5.83]† 

41/175 
(53%) 

20/59 
(34%) 

1.68  
[0.88, 3.19] - 

Hypertension 85/118 
(72%) 

89/116 
(77%) 

1.28  
[0.71, 2.31] - 129/175 

(74%) 
45/59 
(76%) 

1.15  
[0.58, 2.28] - 

Hyperlipidemia 61/118 
(52%) 

63/116 
(54%) 

1.11  
[0.66, 1.86] - 91/175 

(52%) 
33/59 
(56%) 

1.17  
[0.65, 2.12] - 

CAD 34/118 
(29%) 

42/116 
(36%) 

1.40  
[0.81, 2.43] - 53/175 

(30%) 
23/59 
(39%) 

1.47  
[0.80, 2.72] - 

Linfante et al. 201689 reported functional outcome and Linfante et al. 201591 reported mortality outcome. 
# P<0.05 
† P<0.01 
ǂ P<0.001 
CAD: coronary artery disease; CI: confidence interval; ICA: internal carotid artery; IV tPA: intravenous tissue plasminogen activator; MCA: middle cerebral artery; 
mRS: modified Rankin Scale; OR: odds ratio; P: p-value  
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TABLE T.F.12c: Impact of multiple factors on EVT clinical outcomes – evidence from primary studies 
Study Patients Variables analyzed mRS 0-2 (n=56) mRS 3-6 (n=53) p-value 

Shi et al. 201472 
Analysis of data 
from MERCI, 
Trevo, and Trevo 2 
trials  

N=109 patients who 
received EVT with 
Trevo device and 
achieved successful 
recanalization  

Age, mean±SD 62±15 71±10 <0.001 

Male vs. female 20/56 (36%) 29/53 (55%) >0.05 

NIHSS score, median  16 (12-20) 20 (16-22) <0.01 

Use of IV tPA NA NA NA 

OTP, minutes, median 219 (175-302) 270(76-345) >0.05 

OTR, minutes, median  285 (244-401) 374 (285-422) >0.05 

Comorbidities 

Atrial fibrillation 
Diabetes 
Hypertension 
Hyperlipidemia  
Coronary artery disease  

12/29 (41%) 
5/29 (17%) 
18/29 (62%) 
14/29 (48%) 
5/29 (17%) 

15/32 (47%) 
20/33 (61%) 
29/33 (88%) 
23/32 (72%) 
15/33 (45%) 

>0.05 
<0.001 
<0.05 
>0.05 
<0.05 

Occlusion site 

ICA 
MCA M1 
MCA M2 

9/56 (16%) 
35/56 (63%) 
6/56 (11%) 

10/53 (19%) 
31/53 (58%) 
8/53 (15%) 

>0.05 
>0.05 
>0.05 

Mokin et al. 201690 
United States  

N=100 patients 
posterior circulation 
stroke  

Age, years, mean±SD 63±15 64±14 >0.05 

Male vs. female 22/35 (63%) 45/65 (69%) >0.05 

NIHSS score, mean±SD  15.5±6.7 21.1±8.5 <0.001 

Use of IV tPA 17/35 (49%) 15/65 (23%) <0.05 

OTP, minutes, mean±SD 423±344 637±505 <0.05 

OTR NA NA NA 

Comorbidities 

Atrial fibrillation 
Diabetes 
Hypertension 
Hyperlipidemia  
Coronary artery disease  

10/35 (29%) 
11/35 (31%) 
26/35 (74%) 
23/35 (66%) 
14/35 (40%) 

18/65 (28%) 
26/65 (40%) 
49/65 (75%) 
36/65 (55%) 
20/65 (31%) 

>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
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Study Patients Variables analyzed mRS 0-2 (n=56) mRS 3-6 (n=53) p-value 

Occlusion site 

Top of basilar artery 
Basilar artery 
Posterior cerebral artery 
Vertebral artery 

15/35 (43%) 
15/35 (40%) 
9/35 (26%) 
6/35 (17%) 

31/65 (48%) 
34/65 (52%) 
22/65 (34%) 
15/65 (23%) 

>0.05 
>0.05 
>0.05 
>0.05 

ICA: internal carotid artery; EVT: endovascular therapy; IV tPA: intravenous tissue plasminogen activator; MCA: middle cerebral artery; mRS: modified Rankin 
Scale; NA: not available; OTP: onset to groin puncture; OTR: onset to recanalization/reperfusion; SD: standard deviation 
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Appendix T.G: Eligibility Criteria 

TABLE T.G.1: Example of eligibility criteria for EVT 
Inclusion criteria 

1. Age 18-80 years. 
2. Clinical signs consistent with AIS. 
3. Pre-stroke MRs ≤1. 
4. NIHSS ≥8 and <30 at the time of randomization. 
5. Initiation of IV tPA within 4.5 hours of onset of stroke symptoms (onset time is defined as the last time when 

the patient was witnessed to be at baseline), with investigator verification that the subject has received / is 
receiving the correct IV tPA dose for the estimated weight prior to randomization. 

6. TICI 0‐1 flow in the intracranial internal carotid, M1 segment of the MCA (defined as the arterial trunk from its 
origin at the ICA to the first bifurcation or trifurcation into major branches neglecting the small temporopolar 
branch), or carotid terminus confirmed by CT or MR angiography that is accessible to the Solitaire™ FR 
Device.  

7. Subject is able to be treated within 6 hours of onset of stroke symptoms and within 1.5 hours from CTA or 
MRA to groin puncture. 

8. Subject is willing to conduct protocol‐required follow‐up visits. 
9. An appropriate signed and dated Informed Consent Form (or enrollment under exception from explicit 

informed consent if permitted under country regulations). 
10. Subject is affiliated with a social security system (if required by individual country regulations). 
11. Subject meets national regulatory criteria for clinical trial participation. 

Exclusion criteria 

1. Subject who is contraindicated to IV tPA as per local national guidelines. 
2. Female who is pregnant or lactating or has a positive pregnancy test at time of admission. 
3. As applicable by French law, subject who is a protected individual such as an incompetent adult or 

incarcerated person. 
4. Rapid neurological improvement prior to study randomization suggesting resolution of signs/symptoms of 

stroke. 
5. Known serious sensitivity to radiographic contrast agents. 
6. Known sensitivity to nickel, titanium metals, or their alloys. 
7. Current participation in another investigation drug or device treatment study. 
8. Known hereditary or acquired hemorrhagic diathesis, coagulation factor deficiency. (A subject without history 

or suspicion of coagulopathy does not require INR or prothrombin time lab results to be available prior to 
enrollment.) 

9. Renal failure as defined by a serum creatinine >2.0 mg/dl (or 176.8 μmol/l) or GFR <30. 
10. Subject who requires hemodialysis or peritoneal dialysis, or who have a contraindication to an angiogram for 

whatever reason. 
11. Life expectancy of less than 90 days. 
12. Clinical presentation suggests a subarachnoid hemorrhage, even if initial CT or MRI scan is normal. 
13. Suspicion of aortic dissection. 
14. Subject with a co‐morbid disease or condition that would confound the neurological and functional evaluations 

or compromise survival or ability to complete follow‐up assessments. 
15. Subject currently uses or has a recent history of illicit drug(s) or abuses alcohol (defined as regular or daily 

consumption of >4 alcoholic drinks per day). 
16. Known history of arterial tortuosity, pre‐existing stent, and/or other arterial disease which would prevent the 

device from reaching the target vessel and/or preclude safe recovery of the device. 

Imaging exclusion criteria* 

1. CT or MRI evidence of hemorrhage on presentation. 
2. CT or MRI evidence of mass effect or intra‐cranial tumor (except small meningioma). 
3. CT or MRI evidence of cerebral vasculitis. 
4. CT showing hypodensity or MRI showing hyperintensity involving greater than 1/3 of the MCA territory (or in 

other territories, >100 cc of tissue) on presentation. 
5. **Baseline NCCT or DWI MRI evidence of a moderate/large core defined as extensive early ischemic changes 

of ASPECTS <6.† 
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6. CT or MRI evidence of a basilar artery occlusion or posterior cerebral artery occlusion. 
7. CTA or MRA evidence of carotid dissection or complete cervical carotid occlusion requiring stenting at the time 

of the index procedure (i.e., mechanical thrombectomy). 
8. Imaging evidence that suggests, in the opinion of the investigator, the subject is not appropriate for 

mechanical thrombectomy intervention (e.g., inability to navigate to target lesion, moderate/large infarct with 
poor collateral circulation). 

Source: Saver 201549 
* Qualifying imaging had to be obtained at the study hospital. Patients with initial imaging at an outside hospital had to 
undergo additional qualifying CT or MRI at the study hospital. 
** Before imaging entry criteria revision, this criterion stated: “Core Infarct and hypoperfusion: a) MRI‐ or CT‐
assessed core infarct lesion > 50 cc; b) Severe hypoperfusion lesion (10 sec or more Tmax lesion >100 cc); 
c) Ischemic penumbra < 15 cc and mismatch ratio ≤1.8.” After imaging entry criteria revision, sites could enroll based 
on ASPECTS findings only, but were still encouraged to obtain perfusion imaging and use this information if 
available. A total of 71 patients were enrolled under the initial imaging entry criteria and 125 patients under the 
revised imaging entry criteria. 
† ASPECTS, range 0 to 10, with higher scores indicating smaller infarct core. 
AIS: acute ischemic stroke; DWI: diffusion-weighted imaging; MCA: middle cerebral artery; MRI: magnetic resonance 
imaging; TICI: Thrombolysis In Cerebral Infarction 
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SECTION FOUR: Economic Analysis 
Charles Yan, PhD; Yufei Zheng, MPH, MA; Anderson Chuck, PhD, MPH 

4.1 Introduction 
4.1.1. Objectives and Research Questions 
The Economic Analysis (E) section of this STE report will determine the best strategies for providing 
endovascular therapy for acute ischemic stroke (ETIS) in Alberta, in terms of cost, effectiveness, 
and impact on the healthcare budget. The specific research questions addressed are as follows: 

1. What are the unit and total costs of ETIS service delivery models to the population for 
which ETIS is indicated?  

2. What is the cost-effectiveness of alternate ETIS service delivery models relative to status quo 
and to different ETIS service delivery models?  

3. What is the budget impact of alternate (including status quo) ETIS service delivery models? 
What are the implementation and operational costs for alternate ETIS service delivery 
models? What are the proposed funding mechanisms?  

4. What cost-savings could be realized through the implementation of alternate ETIS service 
delivery models? What technologies or services could be disinvested in, if a specific ETIS 
service delivery model is adopted (only feasible in the context of stroke and ETIS)? 

4.1.2. Methods 

Transporta ti on Strategy 
The analysis compared the cost and health benefits of two methods of patient transportation: 

1) Under the “mothership” method, the EMS team assesses patients in the field for eligibility 
for EVT; patients with positive test results are transported directly to a CSC and those with 
negative results to the closest PSC. The mothership method is divided into two strategies, by 
mode of transportation: 

a) Mothership by ground: Under this strategy, patients are transported by EMS 
ambulance directly from onset scene to the CSC. 

b) Mothership by flight: Under this strategy, patients are transported by EMS 
ambulance to the closest airport or local hospital with a helicopter-landing zone, and 
then transported by flight to the CSC.  

2) Under the “drip-and-ship” method, patients are transported to a PSC where medical 
assessment is made and tPA is administered, if eligible. Patients who are eligible for EVT are 
then transported to a CSC, and those who are ineligible for EVT stay at the PSC. The drip-
and-ship method is divided into four strategies, by mode of transportation and by 
transportation time to the PSC/CSC: 

a) Drip-and-ship by ground: Under this strategy, EMS ambulance is used to transport 
patients from onset scene to the PSC and then the CSC (if necessary), with a focus 
on minimizing time in one of two ways:  

i. Minimum time to tPA: Patients are transported to the closest PSC so that the 
time before receiving tPA is minimized.  
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ii. Minimum time to EVT: The PSC is selected in a way that minimizes the total 
transportation time from onset scene to the PSC plus the transportation time 
from the PSC to the CSC. 

b) Drip-and-ship by flight: Under this strategy, EMS ambulance is used to transport 
patients from onset scene to the PSC. After assessment and treatment with tPA (if 
applicable), patients eligible for EVT will be transported by flight to the CSC, with a 
focus on minimizing time in one of two ways: 

i. Minimum time to tPA: Patients are transported to the closest PSC so that the 
time before receiving tPA is minimized. 

ii. Minimum time to EVT: The PSC is selected in a way that minimizes the total 
transportation time from onset scene to the PSC plus the transportation time 
from the PSC to the CSC. 

In summary, this analysis will assess six transportation strategies, including: mothership by ground, 
mothership by flight, drip-and-ship by ground with minimum time to tPA, drip-and-ship by ground 
with minimum time to EVT, drip-and-ship by flight with minimum time to tPA, and drip-and-ship 
by flight with minimum time to EVT. 

The major advantage of the mothership method is speedy access to EVT for eligible patients, and 
hence it is associated with better clinical outcomes (for example, a lower mRS score). The 
mothership method is less costly for this cohort due to lower transportation costs and the fact that 
patients with better clinical outcomes have the potential of consuming less health resources in the 
long run, compared with those with worse clinical outcomes. However, due to the potential for 
false-positive decisions in the field assessment, transporting patients who are actually not eligible for 
EVT to a CSC results in unnecessary transportation costs and delays in treatment (as otherwise these 
patients could have received treatment at the closest PSC). On the contrary, while some eligible 
patients experience delays in receiving EVT under the drip-and-ship method, patients in general get 
faster access to tPA administration under this method. The advantages of the drip-and-ship method 
include lower transportation costs because of fewer patients being shipped to a CSC, as well as the 
potential of better clinical outcomes for patients who are not eligible for EVT, as they receive tPA 
treatment faster at the PSC.  

Therefore, whether a particular method/strategy is better than others depends on both the 
geographical distance between the stroke onset scene and the PSC/CSC, and the treatment needed. 
The economic analysis will identify the geographical areas in Alberta where the mothership method 
is a better strategy than the drip-and-ship method in terms of clinical outcomes and cost. 

Definition of optimal strategy 

Whether or not a strategy is optimal depends on the priority of the decision-maker. The economic 
analysis assesses two types of decision approaches, in which the decision-maker prioritizes either 
producing the best clinical outcomes or providing the most economically efficient healthcare 
services. Accordingly, “optimal strategy” can be defined in one of two ways: 

• Best in clinical outcomes: A strategy is considered to be optimal if patients under the strategy 
have the highest likelihood of achieving good outcome (that is, a mRS score between 0 and 
2) than under other strategies. 
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• Best in economic efficiency: A strategy is considered to be optimal if it is associated with the 
lowest cost per percent unit of good outcome than other strategies. 

The first approach defines optimal strategy based on clinical outcomes only, while the second 
approach considers both cost and clinical outcomes.  

Analyti c model 
We developed a two-stage model to assess the cost and clinical outcomes of delivering ETIS under 
the mothership method compared with the drip-and-ship method.  

For the first stage, a decision tree model was developed with a time horizon from onset to 90 days 
post-stroke, including EMS transportation, emergency department visit, and hospitalization. Given 
that time is important for stoke patients and early treatment improves outcomes, this model 
captured the impact of transportation time on clinical outcomes and associated costs. The odds of 
good clinical outcomes (defined as mRS score between 0 and 2) at 90 days post-stroke were 
considered as the function of time. 

Figure E.1 shows the decision tree model under the mothership method versus the drip-and-ship 
method. Under the mothership method, patients were first assessed in the field, with those eligible 
for EVT transported directly to a CSC. Note that, due to the potential for false-positive assessment 
in the field, some patients who were not eligible for EVT were shipped to the CSC, resulting in 
unnecessary transportation costs and delays in treatment. Under the drip-and-ship method, patients 
were transported to a PSC for assessment and tPA treatment (if applicable). Based on results of the 
assessment at the PSC, patients who are eligible for EVT were shipped to a CSC, and those who 
were not stayed at the PSC. Note that the potential for errors during the assessment at the PSC 
could result in EVT-eligible patients with false-negative results not being transferred to the CSC, and 
those who are ineligible for EVT with false-positive results being incorrectly transferred to the CSC; 
the potential for such errors was taken into account in the model.  

For patients with hemorrhagic stroke and patients with acute ischemic stroke who are ineligible both 
EVT and tPA, the mothership and drip-and-ship methods differed in transportation costs; the 
transportation costs for these patients were therefore considered in the model. However, there was 
no difference in medical costs for these patients that was offset by each other between the 
mothership and drip-and-ship methods; the medicals costs for these patients were not therefore 
considered in the model.  
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FIGURE E.1: Decision tree model under the mothership method versus the drip-and-ship method 
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For the second stage, the long-term costs were assessed using a Markov model. The logic behind the 
Markov model is that healthcare costs for stroke patients in the long run rely on patients’ health 
status at discharge. In other words, patients with functional independence (that is, a mRS score 
between 0 and 2) at discharge were associated with less resource use than disabled patients (that is, a 
mRS score between 3 and 5). As shown in Figure E.2, the model considered three health states: 
functional independence, disability, and death (that is, a mRS score of 6). Over time, patients could 
stay in one of the states or transfer between them. The time horizon for the Markov model 
considered lifetime costs. The cycle length was three months. Costs were discounted at annual rate 
of 5%. 

FIGURE E.2: Markov model 

 

The outcomes from the first-stage decision tree model were the costs per patient and the likelihood 
of a patient receiving EVT plus tPA, EVT alone, or tPA alone. The outcomes of the lifetime 
Markov model were the costs of functionally independent (mRS 0-2) and disabled (mRS 3-5) 
patients at 90 days post-stroke. The outcomes generated from the two-stage model in combination 
with travel time/distance were applied to assess the optimal strategy for each of the census 
dissemination areas in Alberta.  

The analysis adopted a payer’s perspective and considered the direct medical service costs to the 
Alberta health system, including costs of transportation, diagnostic imaging, physician services, 
hospitalization, outpatient visits, rehabilitation, and long-term care. 

Patient popula tion 
The target population of the analysis was adults with acute ischemic stroke who are eligible for EVT 
and/or tPA. The analysis is to assess the patient transportation strategies, and thus any medical 
intervention applied before a patient’s occlusion is confirmed (for example, while in the EMS 
ambulance or STARS/fixed-wing flight) has to be included. Resource uses by the following types of 
patients not in the target population are also relevant, and therefore were considered in the analysis: 

• Hemorrhagic stroke patients: Though some hemorrhagic cases could be safely and 
successfully managed at a PSC and thus transportation to a CSC would be an unnecessary 
cost, other cases need to be transferred to a tertiary centre and therefore transportation to a 
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CSC is not wasted. Based on expert opinion, vi the analysis dealt with this issue by assuming 
two scenarios: 

o All hemorrhagic stroke patients will have to go to tertiary care, and therefore there is 
no waste of transportation cost. 

o Only 50% of hemorrhagic stroke patients will have to go to tertiary care, and 
therefore 50% of transports of hemorrhagic stroke patients to a CSC are 
unnecessary.  

• Patients eligible for neither tPA nor EVT: With perfect field assessment, this cohort will be 
transported to a PSC because they are not eligible for EVT. However, under the mothership 
method, some of these patients may be transported to a CSC due to false-positive field 
assessment; the resulting potentially higher transportation cost was taken into account. 

We identified the study population using the method used by the Alberta Provincial Stoke Strategy.1 
The study population included all patients recorded in the Discharge Abstract Database with the 
most responsible ICD-10 diagnostic code of I60, I61, I63, I64, H34, and G45 (excluding G45.4). We 
excluded existing stroke patients (that is, patients with the above ICD-10 codes during the previous 
365 days) and patients under 18 years of age. Patients with ill-defined stroke (I64) were assumed to 
be ischemic because, statistically, this is the reality of stroke and hemorrhagic stroke is very well 
coded in the literature and impossible to miss on imaging. Patients receiving tPA treatment were 
identified using the Canadian Classification of Health Intervention (CCI) codes of 1ZZ35HA1C and 
1JW35HA1C recorded in the National Ambulatory Care Reporting System or the Discharge 
Abstract Database. The flowchart of identifying patients is presented in Appendix E.A (Figure 
E.A.1). 

Definition of geographica l areas 
An essential attribute of the analysis is to assess the impact of time from stroke onset to treatment 
on clinical and economic outcomes. Given that patients may suffer a stroke randomly anywhere, it is 
important to classify patients so that the transportation distance or time from onset scene to the 
closest PSC or CSC can be well defined. The basic geographical unit adopted in the analysis is the 
census dissemination area defined by Statistics Canada, which is the fourth-level (lowest) census 
geographical unit of Canada. Each dissemination area has a representative point (that is coordinate 
point) that was determined using a population-weighted method.vii This analysis assumed that the 
transportation time from a representative point to a PSC/CSC represented the time for all patients 
within that dissemination area. 

As noted in the S section, the dissemination areas are clustered into five regions according to their 
distance to a PSC/CSC: 

• Green Regions: consist of dissemination areas that have a driving distance of less than 30 
kilometres to a PSC 

• Metro Regions: consist of dissemination areas surrounding the University of Alberta 
Hospital (Edmonton) and the Foothills Medical Centre (Calgary) 

vi This assumption is based on expert opinion from Dr. Michael D. Hill. 
vii See the Statistics Canada website for a detailed calculation: http://www.statcan.gc.ca/pub/92-195-
x/2011001/other-autre/point/point-eng.htm#a1. 
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• North Region: consists of dissemination areas that are closest to one of the PSCs in 
northern Alberta (Northwest Health Centre in High Level, Peace River Community Health 
Centre in Peace River, and Northern Lights Regional Health Centre in Fort McMurray) 

• West Region: consists of dissemination areas that are located west of the Hinton Healthcare 
Centre (Hinton) and the Queen Elizabeth II Hospital (Grande Prairie) 

• Other Region: consists of dissemination areas not included in those described above 

Note that due to logistical constraint, the analysis excludes the mothership method for the North 
and West Regions. 

Figure E.3 shows the five regions, as well as the total population, number of patients with acute 
ischemic stroke, number of patients receiving EVT procedures, and number of patients eligible for 
EVT in each region. The number of patients in each region was calculated by multiplying the 
population in the region by the provincial incidence rate, which is equal to the ratio of patients (that 
is, 2,814 for patients with acute ischemic stroke, 191 for patients receiving EVT, or 500 for patients 
eligible for EVT) over the provincial population (see Table E.3 for detailed estimates of patients by 
treatment). 
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FIGURE E.3: Defined geographical regions and PSCs/CSCs in Alberta 

 
N_EVT: number of patients receiving EVT procedures; N_EVT500: number of patients eligible for EVT; N_ISCH: 
number of patients with acute ischemic stroke 

Model inputs 
Transportation time and distance 

Transportation time and distance plays an important role in estimating clinical and economic 
outcomes, since treatment effect is time-dependent and transportation costs are charged on the basis 
of mileage for fixed-wing aircraft and mission time for helicopters. Transportation time or distance 
was considered in the analysis for each strategy, as follows: 

• Mothership by ground 
o EMS driving time from a dissemination area representative point to the closest CSC 

• Mothership by flight 
o driving time from a dissemination area representative point to the closest hospital 

where a helicopter can land (or closest airport, if a fixed-wing aircraft is used) 
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 Note that the function of the hospital is to land a helicopter, and thus it can 
be a PSC or a local hospital 

o flight time and distance to the closest CSC 
• Drip-and-ship by ground with minimum time to tPA 

o driving time from a dissemination area representative point to the closest PSC 
o driving time from the PSC to CSC 

• Drip-and-ship by ground with minimum time to EVT 
o driving time from a dissemination area representative point to a PSC that minimizes 

the total transportation time from onset scene to the PSC plus the transportation 
time from the PSC to CSC 

o driving time from the PSC to CSC 
• Drip-and-ship by flight with minimum time to tPA 

o driving time from a dissemination area representative point to the closest PSC 
o flight time and distance from the PSC to CSC 

• Drip-and-ship by flight with minimum time to EVT 
o driving time from a dissemination area representative point to a PSC that minimizes 

total transportation time from onset scene to the PSC plus from the PSC to CSC 
o flight time and distance from the PSC to CSC 

Data sources 

The analysis applied Google Maps Distance Matrix API to estimate the driving time from a 
dissemination area representative point to the destination hospital(s). Google Maps Distance Matrix 
API is a technology that allows users to calculate the driving distance and time between origins and 
destinations. viii A time calculated with this technology was discounted by 10% to represent the 
driving time of an EMS ambulance. According to data from the STARS network database, the 
analysis considered the average time for patient packaging (that is, preparing for removal from onset 
scene) to be 30 minutes and the average time for loading/unloading a patient to/from an EMS 
ground ambulance to be 10 minutes. 

The STARS network database also provided data on the time to tertiary care. Time to tertiary care 
includes the time it takes for an ambulance to get to a patient, the patient packaging time, and the 
out of hospital time (that is, the time for a ground or air ambulance from a location [stroke onset site 
or a hospital] to a hospital). We used this data to estimate the total time from PSCs or local hospitals 
to CSCs via EMS ground ambulance, STARS, and fixed-wing flight. The flight time provided in the 
database varies between different PSCs or local hospitals to a CSC, due to a range of factors such as 
types of aircrafts and locations of air bases. This study was based on the lowest time to tertiary care.  

Clinical and epidemiological inputs 

Clinical and epidemiological inputs include the incidence of acute ischemic stroke and hemorrhagic 
stroke, the probability of patients being eligible for EVT and/or tPA, and the probability of good 

viii For detailed calculation methods and codes, see: 
https://developers.google.com/maps/documentation/distance-matrix/start. 
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outcomes (defined as a mRS score between 0 and 2) for patients receiving EVT and/or tPA. The 
data was obtained from literature and Alberta healthcare databases (see Tables E.1 to E.3). The 
likelihood of good outcomes depends on the time from onset to initial treatment. Jessalyn et al. 
developed a statistical model estimating the probability of good outcomes for acute ischemic stroke 
patients who received EVT treatment under the mothership and drip-and-ship methods.2 The 
conditional probabilities filled in with data from the ESCAPE trial3 are as follows, where p(GO|MS) 
is the probability of good outcomes conditional on the mothership method (MS) and p(GO|DS) is 
the probability of good outcomes conditional on the drip-and-ship method (DS): 

𝑝𝑝(𝐺𝐺𝐺𝐺|𝑀𝑀𝑀𝑀) = 0.74 × [0.75 − 0.0006 × (30 + 𝑍𝑍 + 𝐶𝐶 + 30)] + 0.26 × 0.30 

𝑝𝑝(𝐺𝐺𝐺𝐺|𝐷𝐷𝑀𝑀) = 0.18 × [0.75 − 0.0006 × (30 + 𝑋𝑋 + 𝐴𝐴 + 70) ] + 0.82
× {0.74 × [0.75 − 0.0006 × (30 + 𝑋𝑋 + 𝐴𝐴 + 𝐵𝐵 + 𝑌𝑌 + 𝐶𝐶 + 30) ] + 0.26 × 0.30}  

The model considered the probability of achieving reperfusion with EVT (0.74) and early 
reperfusion with tPA (0.18) in combination with the probability of good outcomes as a function of 
time to reperfusion and the possibility of good outcomes without reperfusion. Times considered in 
the model were as follows: 

• The model assumed a door-to-needle time (A) of 30 minutes and tPA bolus to departure for 
CSC time (B) of 15 minutes. 

• Door-to-groin puncture time (C) was assumed to be 45 minutes under the mothership 
method and 30 minutes under the drip-and-ship method. 

• Time of first reperfusion was assumed to be 30 minutes; the time of early reperfusion for 
patients receiving tPA was assumed to be 70 minutes. 

• The average time from first medical contact to ambulance arrival and ambulance scene time 
was assumed to be 30 minutes. 

• Transportation times from onset scene to PSC (X), from PSC to CSC (Y), and from onset 
scene to CSC (Z) were calculated using methods described in the section above. 

For patients receiving tPA only in the ESCAPE trial,3 29.3% had good outcomes (that is, a mRS 
score between 0 and 2) with a median time of 125 minutes from stroke onset to start of tPA. Saver 
et al. examined the effect of time to treatment on clinical outcomes using a sample of 58,000 tPA-
treated patients; this study indicated a 4% decrease in good outcomes for every 15 minutes delay in 
treatment.4 Data from these studies were applied to populate our model. 

Our literature search did not find any published literature indicating the accuracy of preliminary 
assessment at a PSC under the drip-and-ship method. Based on expert opinion, we assumed that 
90% of patients who were potentially eligible for EVT would be identified as such at a PSC and 
transported to a CSC; among the patients transported to a CSC, it was assumed that only 50% 
remain eligible for EVT after reassessment and re-imaging at the CSC. We further conducted a 
sensitivity analysis to test the impact of the assumption that a PSC has a higher level of technology 
and specialists and therefore is able to provide more accurate preliminary assessments. More 
specifically, the sensitivity analysis assumed: 1) all patients eligible for EVT were transported to a 
CSC; and 2) 70% of transported patients remained eligible for EVT after reassessment at the CSC. 
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TABLE E.1: Clinical inputs 
Variable Input Source 

Probability of being eligible for EVT+tPA within EVT patients 0.75 Expert opinion 

Sensitivity of field test 0.81 
Nazliel et al.5 

Specificity of field test 0.89 

Probability of good outcomes, tPA alone  0.293 ESCAPE trial3 

Transition probability of natural history after 90 days post-stroke 

From mRS 0-2 to mRS 3-5 

4 to 6 months 0.0321 

HTA report6 

7 to 12 months 0.022 

13 to 24 months 0.0134 

25 to 36 months 0.0111 

37 to 48 months 0.0093 

49 to 60 months 0.0077 

From mRS 3-5 to mRS 0-2 

4 to 6 months 0.0372 

HTA report6 7 to 12 months 0.0156 

13 to 60 months 0 

From mRS 0-2 to mRS 6 (death) 

4 to 12 months 0.008 

HTA report6 

13 to 24 months 0.0034 

25 to 36 months 0.0039 

37 to 48 months 0.0043 

49 to 60 months 0.0047 

From mRS 3-5 to mRS 6 (death) 

4 to 12 months 0.0229 

HTA report6 

13 to 24 months 0.0096 

25 to 36 months 0.0108 

37 to 48 months 0.0122 

49 to 60 months 0.0131 

The number of patients with acute ischemic stroke and hemorrhagic stroke and the number of acute 
ischemic stroke patients who received tPA from fiscal years 2013 to 2016 (Table E.2) were 
calculated from the Discharge Abstract Database (see Appendix E.A, Figure E.A.1). It is impossible 
to identify patients receiving EVT from the Discharge Abstract Database, as there is no procedure 
code for EVT recorded in the database. Instead, we obtained this information from program leaders 
at the Foothills Medical Centre and the University of Alberta Hospital, who indicated that, in 2016, 
there were 131 EVT procedures conducted in the Foothills Medical Centre and 60 in the University 
of Alberta Hospital, for a total of 191 patients receiving the procedure in the province in 2016. 
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Because the information on EVT procedures was from 2016, we selected the number of acute 
ischemic stroke and hemorrhagic stroke patients in 2016 as model inputs.  

Note that clinical experts expect that the number of current EVT procedures may underestimate the 
number of patients eligible for EVT. A study by Rai et al. reported an incidence rate of 10 to 20 
EVT cases per 100,000 person-years in the United States;7 this converts to 400 to 800 cases for 
Alberta’s population of 4 million. A similar result was published in an Australian study that reported 
an incidence rate of 11 to 22 EVT cases per 100,000 person-years.8 Based on the literature in 
combination with expert opinion, we assumed that the number of EVT procedures could increase 
to 500 per year; a sensitivity analysis was therefore conducted to test the impact of increasing EVT 
procedures to 500. Table E.3 shows the estimate of tPA and EVT patients receiving EVT alone, 
EVT plus tPA, or tPA alone. 

TABLE E.2: Epidemiological inputs 

Fiscal Year Number of 
AIS patients 

Number of AIS 
patients receiving 

tPA 

% of AIS 
patients 

receiving tPA 

Number of  
HS patients 

% of HS patients in 
total number of 
stroke patients 

Province 

2013 2,555  313  12.25% 523  16.99% 

2014 2,494  329  13.19% 557  18.26% 

2015 2,781  335  12.05% 560  16.76% 

2016 2,814  373  13.26% 571  16.87% 

Foothills Medical Centre 

2013 803  131  16.31% 187  18.89% 

2014 771  109  14.14% 213  21.65% 

2015 789  119  15.08% 204  20.54% 

2016 824  125  15.17% 223  21.30% 

University of Alberta Hospital 

2013 505  94  18.61% 198  28.17% 

2014 486  113  23.25% 191  28.21% 

2015 572  103  18.01% 210  26.85% 

2016 684  127  18.57% 189  21.65% 

AIS: acute ischemic stroke; HS: hemorrhagic stroke 
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TABLE E.3: Estimated number of patients by treatment 

Treatment 
Actual EVT procedures Expected EVT procedures 

Number % Number % 

EVT  191 6.79%  500 17.77% 

EVT alone (25% of EVT)  48 1.70%  125 4.44% 

EVT + tPA (75% of EVT)                143* 5.09%                375* 13.33% 

tPA alone                230** 8.16%                462§ 16.40% 

Neither tPA nor EVT  2,393 85.05%  1,853 65.83% 

Total eligible for tPA and/or EVT  421    962   

Total AIS in 2016  2,814    2,814   

* Based on expert opinion, it was assumed that 75% of EVT patients receive tPA. Therefore, 75% of 191 (500) 
patients, which is equal to 143 (375), received EVT plus tPA. 
** Patients receiving tPA alone (230) is equal to the ratio of patients receiving tPA (that is, 373 from Table E.2) minus 
those receiving EVT plus tPA (143). 
§ When the number of EVT-eligible patients increases, it is assumed that the number of patients eligible for tPA also 
increases. We estimated the number of expected patients based on an assumption that patients receiving tPA alone 
would increase at the same rate as patients receiving EVT plus tPA, for whom the incremental number is equal to 
232 (that is, 375 minus 143). Therefore, the number of patients expected to receive tPA alone is equal to 462 (that is, 
230 plus 232). 

Cost inputs 

Costs included EMS ground and flight transportation, diagnostic imaging, physician, hospitalization, 
rehabilitation, and long-term care services. The cost data were primarily obtained from Alberta 
sources; when Alberta data were not available, the costs were derived from a Canadian costing study 
for stroke patients9 and a HTA report.6 Since we could not identify patients who received EVT from 
the provincial administrative databases at the time of preparing this report, it was difficult to 
estimate the cost of the EVT procedure. The HTA report, conducted in Ontario, estimated that an 
EVT procedure was associated with a $15,000 higher cost (with a range from $10,000 to $20,000), 
versus the cost of a tPA treatment.6 This cost was applied to our analytic model and a sensitivity 
analysis was conducted to test the impact of varying the EVT procedure cost.  

The Discharge Abstract Database, the National Ambulatory Care Reporting System, and a long-term 
care database from Alberta Health were used to estimate the direct medical costs of resource 
utilization in the following areas of stroke management: emergency department, hospitalization, 
outpatient services, CT scans, inpatient and outpatient rehabilitation, physicians, and long-term care. 
All resources utilized in the management of stroke were measured during five phases: 1) pre-
admission; 2) hospitalization to three months; 3) four to six months; 4) seven to nine months; and 
5) ten to 12 months.  

The resource intensive weight recorded in the National Ambulatory Care Reporting System and the 
Discharge Abstract Database was used to estimate resource utilization. Outpatient and inpatient 
visits for patients with a main diagnosis of ICD-10 code of Z50 (that is, care involving use of 
rehabilitation procedures) was used for rehabilitation. The Canadian Classification of Health 
Intervention codes for CT scans (3AN20 and 3ER20) were used to identify CT scans. The resource 
utilization of long-term care was measured by the length of stay, recorded in the dataset from 
Alberta Health. 
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Physician cost was collected from the practitioner claim database, the hospitalization and outpatient 
cost was calculated by multiplying the value of the resource intensive weight by unit cost, and the 
long-term care cost was calculated by multiplying each patient’s length of stay by the cost per diem. 
The unit cost related to the resource intensive weight is cost per standard hospital stay, from the 
Canadian Institute of Health Information. ix The unit cost of a CT scan was estimated using the 
outpatient visit data for stroke patients from the National Ambulatory Care Reporting System. The 
unit cost per diem for long-term care was obtained from Alberta Health; the average cost per diem 
for long-term care was $158.71 in 2016, which was the value of $151.42 in 2014 adjusted by the 
Alberta Consumer Price Index. 

Note that, in order to estimate the lifetime cost after stroke, the Markov model requires separate 
cost inputs for patients who are functionally independent (that is, a mRS score between 0 and 2) and 
for patients who are disabled (that is, a mRS score between 3 and 5) at 90 days post-stroke. 
However, medical costs estimated from the Alberta administrative databases was for stroke patients 
overall, and there was no information for us to estimate the cost for stroke patients in each sub-
group. The analysis therefore applied information from a Canadian costing study to break down the 
Alberta overall cost into patient sub-groups.9 Based on the study, the cost was 65% and 145% of the 
overall cost for patients with functional independent and disabled status, respectively. 

Table E.4 presents the cost inputs and their sources. All costs were converted to 2016 Canadian 
dollars using the Alberta Consumer Price Index. 

TABLE E.4: Cost inputs 

Description Cost ($) Standard 
deviation Distribution Source 

EMS transportation 

Ground ambulance (per trip), metro 539.79 
 

None AHS 

Ground ambulance (per trip), rural  1,251.84 
 

None AHS 

STARS (per hour) 9,174.00 
 

None STARS 

STARS, if 24% funding from AHS (per hour) 2,202.00   None STARS  

Fixed-wing flight (per mile) 16.00 
 

None AHS 

Pre-admission 

Emergency department visit* 870.82 347.76 Gamma NACRS 

CT/CTA 342.72 128.00 Gamma NACRS 

Physician 525.05 397.92 Gamma Physician Claim 

Telehealth 70.45 53.97 Gamma Physician Claim 

Hospitalization to 90 days post-stroke, per patient 

EVT procedure** 18,000.00 3,826.53 Gamma AHS 

Hospitalization 26,232.79 33,777.35 Gamma DAD 

Outpatient 712.87 1,201.16 Gamma NACRS 

CT/CTA 147.26 358.27 Gamma NACRS 

ix For details, see: http://indicatorlibrary.cihi.ca/display/HSPIL/Cost+of+a+Standard+Hospital+Stay.  
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Description Cost ($) Standard 
deviation Distribution Source 

Physician 2,712.01 2,976.36 Gamma Physician Claim 

Rehabilitation 11,209.84 21,105.15 Gamma DAD, NACRS 

Long-term care 2,857.94 4,555.61 Gamma ACCIS 

91 to 180 days, per patient 

Hospitalization 4,668.77 17,984.33 Gamma DAD 

Outpatient 543.59 1,295.19 Gamma NACRS 

CT/CTA 93.92 378.47 Gamma NACRS 

Physician 809.57 1,500.62 Gamma Physician Claim 

Rehabilitation 4,950.49 17,390.54 Gamma DAD, NACRS 

Long-term care 3,142.76 5,674.70 Gamma ACCIS 

181 to 270 days, per patient 

Hospitalization 2,232.70 11,608.41 Gamma DAD 

Outpatient 288.71 700.57 Gamma NACRS 

CT/CTA 50.17 234.87 Gamma NACRS 

Physician 595.60 1,415.17 Gamma Physician Claim 

Rehabilitation 2,097.73 11,946.62 Gamma DAD, NACRS 

Long-term care 3,078.93 5,774.60 Gamma ACCIS 

271 to 365 days, per patient 

Hospitalization 2,134.17 11,417.76 Gamma DAD 

Outpatient 273.28 622.35 Gamma NACRS 

CT/CTA 71.85 296.41 Gamma NACRS 

Physician 511.60 1,101.71 Gamma Physician Claim 

Rehabilitation 983.02 9,022.96 Gamma DAD, NACRS 

Long-term care 3,156.79 6,104.72 Gamma ACCIS 

* Cost of CT/CTA was excluded from the cost of the emergency department visit. 
** The cost of EVT included the physician fee. In our model, we used $15,000 to which the physician fee subtracted 
from the cost equaled. 
ACCIS: Alberta Continuing Care Information System; AHS: Alberta Health Services; DAD: Discharge Abstract 
Database; NACRS: National Ambulatory Care Reporting System 

Model outputs 
The outputs generated from the model were as follows: 

• geographical locations (dissemination areas) where optimal strategies were located when 
considering optimal clinical outcomes 

• geographical locations (dissemination areas) where optimal strategies were located when 
considering e optimal economic efficiency 

• percentage of good outcomes (mRS 0-2) at 90 days post-stroke 
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• costs per one percent of good outcome 
• total costs per patient  

Sensitivity analysi s 
It is important to provide information regarding the degree of variability in potential costs and 
effectiveness to enable decision-makers to evaluate the credible range of potential costs and 
outcomes. A probabilistic sensitivity analysis was therefore conducted using 5000 Monte Carlo 
simulations on the standard deviation listed in Table E.4. Costs generated from the probabilistic 
sensitivity analysis were applied to evaluate the cost-outcome ratios for each alternative strategy.  

Some assumptions on model inputs may have an impact on the economic outcomes; we therefore 
conducted a deterministic sensitivity analysis to test how variation in these variables affects our 
results. More specifically, we conducted a sensitivity analysis on the following variables: 

• Data from the Foothills Medical Centre and University of Alberta Hospital indicated there 
were 191 EVT procedures conducted annually in Alberta. Literature and expert opinion 
suggest that there could be 500 patients eligible for EVT each year. A sensitivity analysis was 
therefore conducted by assuming all 500 eligible patients received EVT procedures. 

• There was no data available on the accuracy of medical assessments for EVT eligibility at 
PSCs. Our baseline analysis assumed that the assessments have a 90% true-positive rate, and 
that only 50% patients transported to a CSC remain eligible for EVT after reassessment and 
re-imaging. A sensitivity analysis was conducted by assuming: 1) all patients eligible for EVT 
were transported to a CSC; and 2) 70% of patients transported to a CSC remained eligible 
for EVT after reassessment at the CSC. 

• In the baseline analysis, it was assumed that all hemorrhagic stroke patients should go to 
tertiary care centres, and therefore transportation to a CSC was not wasted cost. To assess 
the impact of patients with hemorrhagic stroke on transportation costs, a sensitivity analysis 
was conducted by assuming that only 50% of hemorrhagic stroke patients would have to go 
to tertiary care, and therefore 50% of transports of hemorrhagic stroke patients to a CSC are 
unnecessary under the mothership method.  

• Data from STARS indicated that the total cost of STARS services was $9,174 per hour, and 
the cost to the provincial health system was $2,202 if Alberta Health Services provides 24% 
of the funding to STARS. Baseline analysis applied the total cost, and a sensitivity analysis 
was conducted by using $2,202. 

• A sensitivity analysis was conducted by varying the EVT procedure cost within the range of 
$10,000 to $20,000. 

• The baseline analysis assumed a door-to-needle time of 30 minutes at the PSC. A sensitivity 
analysis was conducted by assessing door-to-needle times of 60 and 90 minutes. 

• The baseline analysis used a 5% discount rate for the estimate of lifetime cost. A sensitivity 
analysis was conducted to assess the impact if the discount rate was 0%. 

• In order to provide the policy-maker with additional information, we calculated the number 
of EVT procedures conducted in each of the CSCs (Foothills Medical Centre and University 
of Alberta Hospital). 

Endovascular therapy for acute ischemic stroke  207 



 

Impact of differenti a l timing 
Given the lifelong time horizon, costs were discounted at an annual rate of 5%. A sensitivity analysis 
was conducted by using a 0% discount rate. 

Budget impact analysis 
The S section assessed the capacity issues of expanding the number of patients receiving EVT from 
the current 191 to 500 by interviewing clinical experts. As discussed in Table S.7, it is expected that 
the health care system would face capacity issues in a number of service sectors in order to absorb 
the increased number of EVT procedures. The analysis estimated the incremental cost to 
accommodate increased EVT volume across the province in the following sectors: 

• emergency department 
• diagnostic imaging 
• EVT procedures  
• registered nurses (RNs)  
• after hours, on-call neurointerventionalists in rural areas 
• rehabilitation 
• hospital inpatient 

4.2 Results 
4.2.1. Geographical Distribution of Optimal Strategies 
For each dissemination area, the analysis calculated the percentage of good outcomes and the cost 
per percent unit of good outcome achieved under each of the six transportation strategies defined in 
the previous section.  

The strategies that generated maximum good outcomes are presented below in Figure E.4A. Note 
that drip-and-ship by ground generated lower good outcomes than drip-and-ship by flight, and 
therefore was not an optimal strategy for any of the dissemination areas. Figure E.4B shows the 
strategies that maximized economic efficiency, that is, those associated with the lowest cost per 
percent unit of good outcome. As shown in the two figures, the drip-and-ship method was optimal 
only in the dissemination areas far from the CSCs, and in some areas were close to a PSC. Figure 
E.4C shows the affected areas by changing from optimal clinical outcome to optimal economic 
efficiency.  

The distribution of dissemination areas by regions and strategies are presented in Appendix E.B 
(Table E.B.1). Illustrations of routes under the mothership and drip-and-ship methods are presented 
in Appendix E.B (Figures E.B.1A and E.B.1B).
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FIGURE E.4: Distribution of optimal strategies 

 
DS: drip-and-ship; DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to 
EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground 
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Figures E.5A and E.5B show the population, the number of patients with acute ischemic stroke, and 
the number of patients receiving EVT procedures under each strategy, for either optimal clinical 
outcomes or optimal economic efficiency. As shown in the two figures, the majority of patients were 
transported under the mothership by ground strategy. 

FIGURE E.5A: Population and patients under each strategy – optimal clinical 
outcomes 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: 
mothership by ground; N_EVT: number of patients receiving EVT procedures; N_ISCH: number of patients with acute 
ischemic stroke 
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FIGURE E.5B: Population and patients under each strategy – optimal economic 
efficiency 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by 
ground with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground; N_EVT: 
number of patients receiving EVT procedures; N_ISCH: number of patients with acute ischemic stroke 

Figure E.5C shows the changes in optimal strategies when switching the focus from optimal clinical 
outcomes to optimal economic efficiency. As shown in the figure, the majority of changes that 
occurred were switching from flight to ground ambulance. Most frequently, mothership by ground 
was adopted instead of mothership by flight (as shown in dark yellow) and instead of drip-and-ship 
by flight (bright yellow). In some areas, drip-and-ship by ground was adopted instead of mothership 
by flight (orange) and instead of drip-and-ship by flight (cyan, dark cyan, and red). In a few areas, 
mothership by flight was replaced by drip-and-ship by flight (orchid). Approximately 27 EVT 
patients were affected by the changes, with 20 of these by the change from mothership by flight to 
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mothership by ground (dark yellow). Table E.5 shows the incremental cost, outcomes, and the cost 
per unit outcome gained (that is, the incremental cost-effectiveness ratio [ICER]) for changed areas. 

FIGURE E.5C: Population and patients affected by change from optimal clinical 
outcomes to optimal economic efficiency 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by 
ground with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground; N_EVT: 
number of patients receiving EVT procedures; N_ISCH: number of patients with acute ischemic stroke 
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TABLE E.5: Difference in cost and clinical outcomes in the affected areas 

Change in strategy Δ cost ($) Δ good outcomes 
(%) ICER ($millions) 

MS-FLT to MS-GRD $24,884 0.0035962 $6.92 

MS-FLT to DS-FLT-tPA $4,002 0.0017393 $2.30 

MS-FLT to DS-GRD-tPA $28,444 0.0065074 $4.37 

DS-FLT-tPA to DS-GRD-tPA $10,716 0.0032488 $3.30 

DS-FLT-tPA to MS-GRD 8277.564 0.0022708 $3.65 

DS-FLT-EVT to DS-GRD-EVT 6540.156 0.0029764 $2.20 

DS-FLT-tPA to DS-GRD-EVT 10822.53 0.0051054 $2.12 

MS-GRD to DS-FLT-tPA 528.6563 6.56E-06 $80.59 

DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by 
ground with minimum time to EVT (tPA); ICER: incremental cost-effectiveness ratio; MS-FLT: mothership by flight; 
MS-GRD: mothership by ground 

4.2.2. Cost-Effectiveness Analysis 
The section above showed the identified optimal strategies for each geographical region; this section 
presents the cost and likelihood of good clinical outcomes when adopting the strategies.  

When considering optimal clinical outcomes, the overall cost per patient was $291,769 and the 
likelihood of good outcomes was 41.819%; when considering optimal economic efficiency, the 
overall cost per patient decreased to $288,025, along with a decreased likelihood of good outcomes 
(41.743%) (see Table E.6).  
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TABLE E.6: Cost and probability of good outcomes by regions and strategies 
Region MS GRD MS FLT DS GRD-tPA DS GRD-EVT DS FLT-tPA DS FLT-EVT Overall 

Optimal clinical outcomes 

Cost per patient 

Green $289,819  $310,619      $295,862    $302,574  

Metro $284,652  $298,510          $284,770  

North         $302,141  $299,224  $301,963  

West         $305,261  $304,778  $305,251  

Other $292,083  $316,639      $299,567    $301,968  

Overall $286,051  $313,289      $298,643  $299,841  $291,769  

Probability of good outcomes 

Green 42.808% 42.424%     41.550%   42.190% 

Metro 42.313% 42.680%         42.316% 

North         37.553% 37.722% 37.563% 

West         38.882% 35.639% 38.817% 

Other 41.013% 40.429%     40.353%   40.759% 

Overall 42.111% 41.425%     40.209% 37.491% 41.819% 

Optimal economic efficiency 

Cost per patient 

Green $290,387    $290,253    $293,611    $291,737  

Metro $284,649            $284,649  

North       $298,940  $302,079  $299,224  $301,881  

West     $295,986  $298,238  $303,855    $301,225  

Other $292,526  $296,854  $292,390    $296,935    $292,771  

Overall $286,929  $296,854  $291,337  $298,589  $296,287  $299,224  $288,025  

Probability of good outcomes 

Green 42.358%   41.672%   41.737%   42.022% 

Metro 42.316%           42.316% 

North       34.785% 37.154% 35.510% 37.036% 

West     37.127% 35.342% 39.226%   38.476% 

Other 40.662% 39.485% 39.978%   40.073%   40.595% 

Overall 41.939% 39.485% 40.813% 35.063% 40.479% 35.510% 41.743% 

MS GRD: mothership by ground; MS FLT: mothership by flight; DS GRD-tPA (EVT): drip-and-ship by ground with 
minimum time to tPA (EVT); DS FLT-tPA (EVT): drip-and-ship by flight with minimum time to tPA (EVT) 

Table E.7 shows the cost-effectiveness of switching from optimal economic efficiency to optimal 
good outcomes. Overall in the province, switching to optimal good outcomes was associated with a 
cost of $48,991 for one percent unit gain of good outcome in the province. Among the regions, the 
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cost per percent unit of good outcome ranged from $157 in the North Region to $253,983 in the 
Metro Regions, implying that optimal clinical outcomes may be the better option in the North 
Region. Decision-makers in the Metro Regions may be more likely to adopt the option of economic 
efficiency because of the high expense to generate additional good outcomes with the optimal 
clinical outcomes option. 

TABLE E.7: Difference between optimal clinical outcomes versus optimal 
economic efficiency 

Region Δ cost ($)* Δ good outcomes (%)* ICER** 

Green $10,837 0.167709 $64,616 

Metro $121 0.000477 $253,983 

North $83 0.527587 $157 

West $4,026 0.340661 $11,819 

Other $9,197 0.164202 $56,010 

Overall $3,744 0.076423 $48,991 

* The difference is equal to costs (probability of good outcomes) under optimal clinical outcomes minus that under 
optimal economic efficiency, taken from the last column in Table E.6. 
** ICER (incremental cost-effectiveness ratio) is equal to Δ cost divided by Δ good outcomes, indicating how costly it 
is to generate a percent unit of good outcome by switching from the option of optimal economic efficiency to optimal 
clinical outcomes. For example, the cost per percent unit of good outcome was $253,983 in the Metro Region and 
$157 in the North Region. 

4.2.3. Sensitivity Analysis 
Expecting 500 EVT patients 
The baseline analysis was conducted using the information from the Foothills Medical Centre and 
University of Alberta Hospital that indicated there were 191 patients receiving EVT procedures in 
Alberta in a year. However, the literature and expert opinion suggest that there are more patients 
eligible for EVT. In order to assess the impact of variation in the number of EVT patients, the 
sensitivity analysis considered a scenario with 500 eligible patients in the province, all of whom got 
access to and receive EVT treatment. Detailed costs, probability of good outcomes, and distribution 
of dissemination areas by regions and strategies when considering 500 EVT patients are presented in 
Appendix E.B, Tables E.B.2 and E.B.3. The optimal strategies and number of patients under each 
strategy are presented in Appendix E.B, Figures E.B.2 to E.B.3c. 

Analysis results indicated that the determined optimal strategies were less sensitive to a change in the 
number of EVT patients. As shown in Figures E.6A and E.6B, there were small areas with changes 
in strategies when expanding the number of patients from 191 to 500. Of the 500 patients treated 
with EVT, approximately 25 were in the changed areas if considering optimal clinical outcomes and 
12 if considering optimal economic efficiency (see Figures E.7A and E.7B). 
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FIGURE E.6A: Changes in optimal strategies from 191 to 500 EVT patients – optimal clinical outcomes 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground 
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FIGURE E.6B: Changes in optimal strategies from 191 to 500 EVT patients – optimal economic efficiency 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 
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FIGURE E.7A: Population and patients affected by expanding from 191 to 500 EVT 
patients – optimal clinical outcomes 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: 
mothership by ground; N_EVT: number of patients receiving EVT procedures; N_EVT500: number of patients eligible 
for EVT; N_ISCH: number of patients with acute ischemic stroke 
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FIGURE E.7B: Population and patients affected by expanding from 191 to 500 EVT 
patients – optimal economic efficiency 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by 
ground with minimum time to EVT (tPA); MS-GRD: mothership by ground; N_EVT: number of patients receiving EVT 
procedures; N_EVT500: number of patients eligible for EVT; N_ISCH: number of patients with acute ischemic stroke 

The scenario of 500 EVT patients was associated with less costs and better clinical outcomes, as 
shown in Table E.8. Compared with 191 EVT patients, treating 500 patients was $4,181 less per if 
considering optimal clinical outcomes, and $2,673 less if considering optimal economic efficiency. 
With 500 patients, the likelihood of good outcomes increased by 1.543% if considering optimal 
clinical outcomes, and by 1.534% if considering optimal economic efficiency. 

It is worthwhile to note that the better clinical and economic outcomes for the scenario of 500 
patients came from a higher proportion of patients receiving EVT. Given the expectation that 500 
patients are eligible for EVT, the 191 EVT procedures in the baseline analysis implies that access to 
EVT was not perfect and that some EVT-eligible patients were treated with tPA alone or with other 
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treatments. In contrast, the current scenario assumed that all 500 EVT-eligible patients had access to 
and received EVT treatment; therefore, compared to baseline analysis, the proportion of patient 
receiving EVT was higher. Given that EVT is associated with better clinical outcome than tPA 
alone, a higher proportion of patients receiving EVT implies better outcomes.  

TABLE E.8: Comparison between 500 versus 191 EVT patients 
Region 500 EVT patients 191 EVT patients Δ 

Optimal clinical outcomes 

Cost per patient 

Green $292,986  $302,574  -$9,588 

Metro $283,003  $284,770  -$1,767 

North $298,596  $301,963  -$3,367 

West $302,560  $305,251  -$2,691 

Other $294,734  $301,968  -$7,234 

Overall $287,588  $291,769  -$4,181 

Probability of good outcomes 

Green 43.099% 42.190% 0.909% 

Metro 44.123% 42.316% 1.807% 

North 38.550% 37.563% 0.987% 

West 39.773% 38.817% 0.956% 

Other 42.096% 40.759% 1.337% 

Overall 43.362% 41.819% 1.543% 

Optimal economic efficiency 

Cost per patient 

Green $287,872  $291,737  -$3,866 

Metro $282,920  $284,649  -$1,729 

North $298,489  $301,881  -$3,392 

West $298,037  $301,225  -$3,187 

Other $288,417  $292,771  -$4,354 

Overall $285,353  $288,025  -$2,673 

Probability of good outcomes 

Green 42.923% 42.022% 0.900% 

Metro 44.123% 42.316% 1.807% 

North 38.055% 37.036% 1.020% 

West 39.457% 38.476% 0.981% 

Other 41.896% 40.595% 1.300% 

Overall 43.277% 41.743% 1.534% 
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Increased accuracy of medical assessments at PSCs 
There was limited data available on the accuracy of medical assessments for EVT eligibility at PSCs. 
The baseline analysis assumed that the assessments had a 90% true-positive rate, and that only 50% 
of patients transported to the CSC remained eligible for EVT after reassessment and re-imaging. 
The sensitivity analysis was conducted by assuming: 1) all patients eligible for EVT were transported 
to a CSC; and 2) 70% of transported patients remained eligible for EVT after reassessment at the 
CSC. Tables E.B.4 and E.B.5 in Appendix E.B show the costs per patient, probability of good 
outcomes, and geographical distribution of optimal strategies under the scenario. 

As shown in Figures E.8A and E.8B, the mothership method was replaced with the drip-and-ship 
method in some areas under the scenario of better assessments at PSCs. The number of patients 
affected by the change was approximately 17 when considering optimal clinical outcomes, and 4 
when considering optimal economic efficiency (see Figures E.9A and 9B).  

 

Endovascular therapy for acute ischemic stroke  221 



 

FIGURE E.8A: Changes in optimal strategies from baseline to better assessments at PSCs – optimal clinical 
outcomes 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground 

A: Optimal Clinical Outcomes: Baseline       B: Optimal Clinical Outcomes: Better Assessment at PSC               C: Changes from A to B 
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FIGURE E.8B: Changes in optimal strategies from baseline to better assessments at PSCs – optimal economic 
efficiency 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 

A: Optimal Economic Efficiency: Baseline      B: Optimal Economic Efficiency: Better Assessment at PSC                C: Changes from A to B 
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FIGURE E.9A: Population and patients affected by better assessments at PSCs – 
optimal clinical outcomes 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: 
mothership by ground; N_EVT: number of patients receiving EVT procedures; N_ISCH: number of patients with acute 
ischemic stroke 
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FIGURE E.9B: Population and patients affected by better assessments at PSCs – 
optimal economic efficiency 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by 
ground with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground; N_EVT: 
number of patients receiving EVT procedures; N_ISCH: number of patients with acute ischemic stroke 

Varying costs 
One-way sensitivity analyses were conducted by varying the following cost inputs: including 
transportation costs of 50% hemorrhagic stroke patients; using the STARS cost to Alberta Health 
Services of $2,202 per hour; and using EVT costs of $10,000 or $20,000. The following results were 
found: 

• When considering the decision option of optimal clinical outcomes, there was no change in 
optimal strategies (see Figure E.10). 

• When considering the decision option of optimal economic efficiency: 
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o if including the transportation costs of 50% hemorrhagic stroke patients, there was 
no change in optimal strategies (Figure E.11); 

o if using the STARS cost of $2,202 per hour, strategies using ground ambulance 
switched to flight in some areas (Figure E.12A), affecting approximately 10 patients 
(Figure E.12B); 

o if using the EVT cost of $10,000, strategies using drip-and-ship switched to 
mothership in small areas (Figure E.13A), affecting less than 1 patient (Figure 
E.13B); and 

o if using the EVT cost of $20,000, strategies using mothership switched to drip-and-
ship in very small areas (Figure E.14A), affecting approximately 1 patient (Figure 
E.14B). 
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FIGURE E.10: Changes in optimal strategies from baseline to varying cost inputs – optimal clinical outcomes 

 
Note: When considering the decision option of optimal clinical outcomes, varying cost had no effect on optimal strategies. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground 

A: Optimal Clinical Outcomes: Baseline              B: Optimal Clinical Outcomes: Variation in Costs               C: Changes from A to B 
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FIGURE E.11: Changes in optimal strategies including transportation costs of 50% hemorrhagic stroke patients – 
optimal economic efficiency 

 
Note: Including transportation costs of 50% hemorrhagic stroke patients had no effect on optimal strategies. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 

A: Optimal Economic Efficiency: Baseline                 B: Optimal Economic Efficiency: SN50hemoCost                  C: Changes from A to B 
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FIGURE E.12A: Changes in optimal strategies using STARS cost of $2,202 per hour – optimal economic 
efficiency 

 
Note: Using the STARS cost of $2,202 per hour would switch strategies using ground ambulance to flight in some areas. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 

A: Optimal Economic Efficiency: Baseline                 B: Optimal Economic Efficiency: STARTcost2202                    C: Changes from A to B 
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FIGURE E.12B: Population and patients affected by using STARS cost of $2,202 
per hour – optimal economic efficiency 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by 
ground with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground; N_EVT: 
number of patients receiving EVT procedures; N_ISCH: number of patients with acute ischemic stroke 
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FIGURE E.13A: Changes in optimal strategies using EVT cost of $10,000 – optimal economic efficiency 

 
Note: When using the EVT cost of $10,000, strategies using drip-and-ship switched to mothership in small areas. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 

A: Optimal Economic Efficiency: Baseline                 B: Optimal Economic Efficiency: Low EVT Cost                   C: Changes from A to B 
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FIGURE E.13B: Population and patients affected by using EVT cost of $10,000 – 
optimal economic efficiency 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-GRD-tPA: change from drip-and-ship by ground with minimum time to tPA; DS-FLT-tPA: drip-and-ship by flight 
with minimum time to tPA; MS-GRD: mothership by ground; N_EVT: number of patients receiving EVT procedures; 
N_ISCH: number of patients with acute ischemic stroke 
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FIGURE E.14A: Changes in optimal strategies using EVT cost of $20,000 – optimal economic efficiency 

 
Note: When using the EVT cost of $20,000, strategies using mothership switched to drip-and-ship in very small areas. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 

A: Optimal Economic Efficiency: Baseline                   B: Optimal Economic Efficiency: High EVT Cost                  C: Changes from A to B 

Endovascular therapy for acute ischemic stroke  233 



 

FIGURE E.14B: Population and patients affected by using EVT cost of $20,000 – 
optimal economic efficiency 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-GRD-tPA: drip-and-ship by ground with minimum time to tPA; MS-GRD: mothership by ground; N_EVT: number 
of patients receiving EVT procedures; N_ISCH: number of patients with acute ischemic stroke 
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Varying door-to-needle time 
One-way sensitivity analyses were conducted by varying the door-to-needle time at the PSC from 30 
minutes in the baseline analysis to 60 and 90 minutes. 

• When the door-to-needle time increased to 60 minutes, drip-and-ship was replaced with 
mothership in some areas close to PSCs, under both optimal clinical outcomes and 
economic efficiency. The number of patients affected by the changes was approximately 7 
when considering optimal clinical outcomes (Figures E.15A and E.15B) and 7 when 
considering optimal economic efficiency (Figures E.16A and E.16B). 

• When the door-to-needle time increased to 90 minutes, drip-and-ship was replaced with 
mothership in slightly larger areas close to PSCs compared to 60 minutes, under both 
optimal clinical outcomes and economic efficiency. The number of patients affected by the 
changes was approximately 7 when considering optimal clinical outcomes (Figures E.17A 
and E.17B) and 8 when considering optimal economic efficiency (Figures E.18A and E.18B). 
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FIGURE E.15A: Changes in optimal strategies using door-to-needle time of 60 minutes – optimal clinical 
outcomes 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 

A: Optimal Clinical Outcomes: Baseline  B: Optimal Clinical Outcomes: 60 min Door-to-Needle                   C: Changes from A to B 
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FIGURE E.15B: Population and patients affected by using door-to-needle time of 
60 minutes – optimal clinical outcomes 

 
DS-FLT-tPA: drip-and-ship by flight with minimum time to tPA; MS-FLT: mothership by flight; MS-GRD: mothership by 
ground; N_EVT: number of patients receiving EVT procedures; N_ISCH: number of patients with acute ischemic 
stroke 
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FIGURE E.16A: Changes in optimal strategies using door-to-needle time of 60 minutes – optimal economic 
efficiency 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 

A: Optimal Economic Efficiency: Baseline   B: Optimal Economic Efficiency: 60 min Door-to-Needle   C: Changes from A to B 
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FIGURE E.16B: Population and patients affected by using door-to-needle time of 
60 minutes – optimal economic efficiency 

 
DS-FLT-tPA: drip-and-ship by flight with minimum time to tPA; DS-GRD-tPA: drip-and-ship by ground with minimum 
time to tPA; MS-FLT: mothership by flight; MS-GRD: mothership by ground; N_EVT: number of patients receiving 
EVT procedures; N_ISCH: number of patients with acute ischemic stroke 
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FIGURE E.17A: Changes in optimal strategies using door-to-needle time of 90 minutes – optimal clinical 
outcomes 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground 
 

A: Optimal Clinical Outcomes: Baseline        B: Optimal Clinical Outcomes: 90 min Door-to-Needle                 C: Changes from A to B 
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FIGURE E.17B: Population and patients affected by using door-to-needle time of 
90 minutes – optimal clinical outcomes 

 
DS-FLT-tPA: drip-and-ship by flight with minimum time to tPA; MS-FLT: mothership by flight; MS-GRD: mothership by 
ground; N_EVT: number of patients receiving EVT procedures; N_ISCH: number of patients with acute ischemic 
stroke 
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FIGURE E.18A: Changes in optimal strategies using door-to-needle time of 90 minutes – optimal economic 
efficiency 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 

A: Optimal Economic Efficiency: Baseline           B: Optimal Economic Efficiency: 90 min Door-to-Needle                 C: Changes from A to B 
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FIGURE E.18B: Population and patients affected by using door-to-needle time of 
90 minutes – optimal economic efficiency 

 
DS-FLT-tPA: drip-and-ship by flight with minimum time to tPA; DS-GRD-tPA: drip-and-ship by ground with minimum 
time to tPA; MS-FLT: mothership by flight; MS-GRD: mothership by ground; N_EVT: number of patients receiving 
EVT procedures; N_ISCH: number of patients with acute ischemic stroke 

Varying discount rate 
A one-way sensitivity analysis was conducted by varying the discount rate from 5% in the baseline 
analysis to 0%. 

• When considering the decision option of optimal clinical outcomes, there was no change in 
optimal strategies. 

• When considering the decision option of optimal economic efficiency, mothership was 
replaced with drip-and-ship in very small areas. The number of patients affected by the 
change was less than 1 patient (Figures E.19A and E.19B). 
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FIGURE E.19A: Changes in optimal strategies using discount rate of 0% – optimal economic efficiency 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 

 

A: Optimal Economic Efficiency: Baseline                 B: Optimal Economic Efficiency: Zero Discount                  C: Changes from A to B 
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FIGURE E.19B: Population and patients affected by using discount rate of 0% – 
optimal economic efficiency 

 
DS-GRD-tPA: drip-and-ship by ground with minimum time to tPA; MS-GRD: mothership by ground; N_EVT: number 
of patients receiving EVT procedures; N_ISCH: number of patients with acute ischemic stroke 

Expected number of EVT procedures at CSCs 
The expected number of EVT procedures at the Foothills Medical Centre and the University of 
Alberta Hospital was estimated by multiplying the population under the hospital by the provincial 
incidence rate, which is equal to the ratio of provincial patients over the population. As shown in 
Figures E.20 and E.21, of the 500 EVT procedures, the number in each hospital was estimated to be 
247 and 253 at the Foothills Medical Centre and the University of Alberta Hospital, respectively, 
when considering optimal clinical outcomes, and 245 and 255 when considering optimal economic 
efficiency.  
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FIGURE E.20: Number of EVT procedures at CSCs – optimal clinical outcomes 

 
N_EVT500: number of patients eligible for EVT; N_ISCH: number of patients with acute ischemic stroke 
  

FMC: Foothills Medical Centre 

UAH: University of Alberta Hospital 
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FIGURE E.21: Number of EVT procedures at CSCs – optimal economic efficiency 

 
N_EVT500: number of patients eligible for EVT; N_ISCH: number of patients with acute ischemic stroke 

4.2.4. Budget Impact Analysis 
The yearly budget impact to accommodate increased EVT volume across the province was 
estimated to be approximately $10.77 million in Year 1 and $7.02 million in the following years, as 
shown in Table E.9. The impact on on-call neurointerventionalists in rural areas, rehabilitation 
services, emergency departments, and hospital inpatient services was not considered, with reasons 
listed in Table E.9. It is worth emphasizing that the investment will create greater capacity in the 
health care system as a whole, and therefore will produce additional benefits to the system beyond 
EVT. 

 

FMC: Foothills Medical Centre 

UAH: University of Alberta Hospital 
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TABLE E.9: Budget impact to accommodate increased EVT volume 

Services sectors Capacity 
needed Unit Unit cost One time 

investment Annual cost 

EVT procedure 309* procedure $15,288.00**   $4,723,992.00 

EVT nurse  7§ FTE $150,717.14   $1,055,020.00 

Diagnostic imaging 
(neurologist/radiologist) 30§§ FTE 

Salary: $124,172.29 MRT I; $145,904.52 MRT II    $651,967.04 

Training: food $41/day, hotel $175/day, travel $400/person $245,603.91   

Angiography suites  1¶ suite Capital cost: $2.5 M, renovation $1 M $3,500,000.00   

Angiography nurses  2¶ FTE $150,717.14   $301,434.29 

Angiography suites  2¶ FTE $145,904.52    $291,809.04 

On-call neurointerventionalists Unable to account for due to uncertainty and variability of specific contracts that vary site to site. 

Neurologist  Unable to account for with existing data. 

Rehabilitation Broader system issue – unable to account for with existing data. 

Telehealth Broader system issue – unable to account for with existing data. 

Emergency department Broader system issue – unable to account for with existing data. However, assume impact is negligible given the fact that, in 
the absence of EVT, stroke patients will receive care. 

Hospital inpatient Broader system issue – unable to account for with existing data. However, assume impact is negligible given the fact that, in 
the absence of EVT, stroke patients will receive care 

Total $3,745,604.00 $7,024,222.36 

Total (Year 1) $10,769,826.00 

Total (following years) $7,024,222.00 

Note: All costs were in 2017 price and from AHS. 
* Incremental EVT procedures from current 191 to expected 500 
** AHS provided us with average cost per EVT of $18,000 including all labour supplies and physician fee. Unit cost listed here has excluded the physician cost of 

$2,712 (i.e., 15,288 = 18,000 - 2,712), given the assumption that the physicians would do other services and bill for those even if they were not performing EVT. 
The cost of nurse working on the procedure was not excluded with existing data though it should be due to similar reason. 

§ Edmonton and Calgary need an increase in 4.2 and 2.8 FTE of RNs, respectively (source: AHS) 
§§ It is assumed 30 professionals need to be trained to satisfy the demands. Costs of incremental salary from MRT level I to II are considered. Training includes 

costs of food, hotel, and travel for 14 days. 
¶ Expert's opinion indicated 1 angiography suite with appropriate staffing (2 nurses and 2 technologists) is required. 
AHS: Alberta Health Services; FTE: full-time equivalent 
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4.3 Discussion 
The aim of this economic analysis was to determine optimal delivery strategies and associated costs, 
clinical outcomes, and budget impact for providing ETIS in Alberta. Our analytic model considered 
that the distance and travel time from stroke onset scenes to hospitals had an impact on 
transportation costs and good clinical outcomes (defined as a mRS score between 0 and 2). 
Therefore, in our model, the costs and clinical outcomes were the function of geographical locations 
of stroke onset. Excluding the North and West Regions where the drip-and-ship method was set as 
the default strategy due to logistical constraints, the mothership method was determined to be the 
best strategy in the Metro Regions surrounding the Foothills Medical Centre and the University of 
Alberta Hospital. In areas close to PSCs, the best strategy was a mix of the mothership and drip-
and-ship methods. In other areas that are far from CSCs and PSCs, the best strategy was also a mix 
of mothership and drip-and-ship, with mothership being the best in the majority of areas. 

Designing an optimal strategy must take the priority of the decision-maker into account. The 
analysis considered two decision options where the priority was either to: 1) achieve the best clinical 
outcomes; or 2) achieve the best economic efficiency. Note that each option was comprised of a 
combination of the mothership and drip-and-ship methods. In the first decision option, a delivery 
strategy was defined as optimal if it generated the highest good outcomes; in the second decision 
option, a delivery strategy was defined as optimal if it was associated with the lowest cost per 
percent unit of good outcomes. Under the first option (that is, optimal clinical outcomes regardless 
how high the transportation cost was), there was no area that selected drip-and-ship by ground, as 
flight was associated with a shorter time from a PSC to a CSC than via ground ambulance. In 
contrast, some areas selected drip-and-ship by ground when considering economic efficiency.  

Results indicated that both options are equivalent in the large majority of regions throughout the 
province. In some areas, when adopting economic efficiency, the method of transporting patients by 
flight switched to ground ambulance. For these areas, the trade-off between clinical optimization 
and economic efficiency optimization favours the second option, given the large cost (see Table E.5) 
for the first option to produce additional percent units of good outcomes. 

The decision option of optimal clinical outcomes was associated with better clinical outcomes but at 
higher costs compared with the option of economic efficiency. Results indicated that providing 
endovascular therapy under the first option was associated with 41.819% good outcomes at a cost of 
$291,769 per patient, compared to 41.743% at $288,025 under economic efficiency option. The 
cost-effectiveness analysis showed that switching the option of economic efficiency to optimal 
clinical outcomes was associated with a cost of $48,991for one additional percent unit of good 
outcome in the province. 

It is important to note that the results described above were based on an analysis of 191 patients 
receiving EVT procedures in a year. Given the expectation that 500 patients are eligible for EVT, 
having only 191 EVT procedures suggests that access to EVT was not perfect and that some EVT-
eligible patients were treated with tPA alone or with other treatments. A sensitivity analysis was 
conducted to test the impact of the scenario where all 500 EVT-eligible patients got access to and 
received EVT treatment. The analysis revealed that the determined decision options were more 
efficient in terms of generating better clinical outcomes at lower cost, when expanding EVT to all 
500 eligible patients. One possible interpretation of the finding is that the better the access to EVT, 
the higher the economic and clinical outcomes are. 
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Sensitivity analyses were conducted to test the impact of model assumptions on determined optimal 
strategies. When expanding EVT accessibility from 191 to 500 patients, there was a switch in 
strategies from mothership to drip-and-ship in small areas that were far from a CSC and close to a 
PSC. Increasing the accuracy of medical assessments at PSCs switched from mothership to drip-
and-ship strategies, but the change in strategy was observed in small areas far from a CSC. When 
varying the cost of the EVT procedure, the switch in optimal strategy was observed in very small 
areas. When taking transportation costs into account for 50% hemorrhagic stroke patients, the 
optimal strategy did not change. When the STARS cost of $2,202 was used, the strategy switched 
from ground ambulance to flight in some areas that were far from the CSCs. In general, results from 
the sensitivity analyses revealed that, in the majority of areas, the optimal strategies remained 
unchanged. This implies that the determined strategies are quite stable under different conditions. 

Literature has demonstrated the cost-effectiveness of EVT or EVT plus tPA over tPA alone. A 
recently published study in Canada assessed the cost-effectiveness of EVT compared with tPA 
alone.10 The study indicated that, over a 5-year time horizon, the cost and QALYs were $126,939 
and 1.484 for EVT plus tPA and $124,419 and 1.273 for tPA alone, respectively. EVT was 
associated with an ICER of $11,990 per QALY gained compared with tPA alone. Two studies from 
the United States also assessed the cost-effectiveness of EVT compared with tPA alone, over a 
lifetime horizon.11, 12 These studies reported that EVT generated QALY gains of 0.7 and 1.59 at an 
additional cost of $9,911 and $4,938, respectively; ICERs of EVT versus tPA alone were $14,137 
and $3,110 per QALY gained, respectively.11, 12 

The capacity scan conducted in the S section revealed that much of the health care system is able to 
accommodate the expansion of the ETIS program. However, there are capacity issues in some 
service sectors, including the angiography suite, additional EVT procedures, shortage of RNs, and 
need for training radiologists. Given the assumption that investment was completed in Year 1, the 
budget impact analysis indicated an investment and operational impact of approximately $10.77 
million in Year 1 and $7.02 million in the following years. Note that the investment will create 
greater capacity in the health care system as a whole, and will therefore produce additional benefits 
to the system beyond EVT. 

It is worthwhile to note that expanding the ETIS program would require additional resources in 
terms of inpatient beds and professionals, and would aggravate existing capacity issues in 
rehabilitation hospitals. However, there was limited data available to estimate the extra demand for 
rehabilitation resources, as well as limited data regarding the required number of on-call 
neurointerventionalists in rural areas. Therefore, the analysis ignored the financial impact of 
expansion on rehabilitation and on-call neurointerventionalists in rural areas. Any issues in terms of 
emergency departments and hospital admission are broader system issues and were not be able to be 
accounted for with existing data; however, it was assumed that the impact of ETIS on them was 
negligible, given the fact that, in the absence of EVT, stroke patients will still receive care. 

Caveats 
There is no analytic model that can perfectly capture what is or will be observed in reality, and the 
findings should be interpreted in light of the following caveats: 

• The analysis used driving time or distance from a dissemination area representative point to 
hospitals to represent all residents living in the dissemination area. This is not able to exactly 
reflect reality, as patients may suffer a stroke onset anywhere, randomly. However, our 
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approach is the best alternative we are aware of, as the dissemination area is the lowest 
census geographical unit of Canada that reports population characteristics, and a 
dissemination area representative point represents the majority of residents in the 
dissemination area. 

• Lifetime cost after stroke was estimated using data from Alberta Health administrative 
databases. Due to limited data availability, the analysis assessed the costs every three months 
from stroke onset to one year. The ongoing health care utilization and associated costs after 
one year were not estimated. Alternatively, the analysis assumed the costs remained constant 
after one year.  

• The Markov model used to estimate lifetime cost requires separate cost inputs for patients 
who are functionally independent (that is, a mRS score between 0 and 2) and for patients 
who are disabled (that is, a mRS score between 3 and 5) at 90 days post-stroke in order to 
capture the fact that patients with functional independence were associated with less health 
care utilization. However, it is impossible for the analysis to distinguish these patient cohorts 
from the health administrative databases. Alternatively, the analysis estimated the cost for 
each patient cohort by multiplying the overall cost from the health administrative databases 
by ratios for functionally independent and disabled patients over the overall number of 
patients, based on a Canadian costing study for stroke patients that reported cost ratios.9 

• It is expected that expanding the ETIS program would require additional resources in 
rehabilitation and after hours, on-call neurointerventionalists in rural areas. The analysis 
could not take these resources into account, resulting in an underestimation of the budget 
impact to the health system. Furthermore, these resources provide services other than EVT, 
and we cannot tease out the proportion attributable to EVT only. 

• The mothership method requires less on-call neurointerventionalists in rural areas, but is not 
accounted for due to a lack of data. 

4.4 Conclusion 
The best strategy for providing ETIS relies on the geographical location of stroke onset and the 
decision-maker’s preference for clinical outcomes or economic efficiency. The mothership method 
of patient transport was determined to be the best strategy in areas close to a CSC. In areas close to 
PSCs or far from the CSCs, the best strategy was a mix of the mothership and drip-and-ship 
methods. The decision option of optimal clinical outcomes was associated with increased good 
outcomes at a higher cost, in comparison with the option of optimal economic efficiency. Given the 
large cost of switching from the option of economic efficiency to clinical outcomes, it is considered 
that the option based on economic efficiency is more favourable. With an increase in access to 
ETIS, the determined strategy becomes more efficient in that it generates better clinical outcomes 
gained at less cost.   
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Appendix E.A: Methods of the Economic Analysis 

FIGURE E.A.1: Flowchart of patient selection 
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Appendix E.B: Results of the Economic Analysis 

TABLE E.B.1: Distribution of dissemination areas by regions and strategies 
Region* MS GRD MS FLT DS GRD-tPA DS GRD-EVT DS FLT-tPA DS FLT-EVT Overall 

Optimal clinical outcomes 

Green 129 444     287 0 860 

Metro 3,382 29     0 0 3,411 

North 0 0     123 8 131 

West 0 0     49 1 50 

Other 704 482     47 0 1,233 

Overall 4,215 955     506 9 5,685 

Optimal economic efficiency 

Green 405 0 91 0 364 0 860 

Metro 3,411 0 0 0 0 0 3,411 

North 0 0 0 1 122 8 131 

West 0 0 16 1 33 0 50 

Other 1,140 43 23 0 27 0 1,233 

Overall 4,956 43 130 2 546 8 5,685 

* Refer to Figure E.3 for region definitions. 
Note: The table shows the number of dissemination areas by optimal strategy and region. In the Green and Other 
Regions, there were respectively 444 and 482 dissemination areas under mothership by flight when considering 
optimal clinical outcomes; these switched to mothership by ground or drip-and-ship when considering optimal 
economic efficiency. In the Metro Regions, there were 29 dissemination areas under mothership by flight when 
considering optimal clinical outcomes; these switched to mothership by ground when considering optimal economic 
efficiency. When investigating the strategies within one region, it was observed that the mothership method was the 
optimal strategy in the Metro Regions; and in the Green and Other Regions, the optimal strategies were the 
mothership in some dissemination areas and drip-and-ship in others. Note that the drip-and-ship method was set as 
the default strategy in the North and West Regions because of logistical constraints. 
MS GRD: mothership by ground; MS FLT: mothership by flight; DS GRD-tPA (EVT): drip-and-ship by ground with 
minimum time to tPA (EVT); DS FLT-tPA (EVT): drip-and-ship by flight with minimum time to tPA (EVT) 
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FIGURE E.B.1a: Illustration of route under mothership method 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); min: 
minutes; MS: mothership; MS-FLT: mothership by flight; MS-GRD: mothership by ground; UA: University of Alberta  
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FIGURE E.B.1b: Illustration of route under drip-and-ship method 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); min: 
minutes; MS-FLT: mothership by flight; MS-GRD: mothership by ground; UA: University of Alberta  

A: DS-FLT-tPA           B: DS-GRD-EVT 

                 DS-FLT-tPA       DS-GRD-EVT 
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FIGURE E.B.2: Distribution of optimal strategies, 500 EVT patients 

 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by ground with minimum time to EVT (tPA); MS-
FLT: mothership by flight; MS-GRD: mothership by ground 
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FIGURE E.B.3a: Population and patients under each strategy, 500 EVT patients – 
optimal clinical outcomes 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: 
mothership by ground; N_EVT500: number of patients eligible for EVT; N_ISCH: number of patients with acute 
ischemic stroke 
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FIGURE E.B.3b: Population and patients under each strategy, 500 EVT patients – 
optimal economic efficiency 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by 
ground with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground; N_EVT500: 
number of patients eligible for EVT; N_ISCH: number of patients with acute ischemic stroke 
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FIGURE E.B.3c: Population and patients affected by change from optimal clinical 
outcomes to optimal economic efficiency, 500 EVT patients 

 
Note: The number of patients under each strategy was calculated by multiplying the population under the strategy by 
the provincial incidence rate, which is equal to the ratio of provincial patients over the population. 
DS-FLT-EVT (tPA): drip-and-ship by flight with minimum time to EVT (tPA); DS-GRD-EVT (tPA): drip-and-ship by 
ground with minimum time to EVT (tPA); MS-FLT: mothership by flight; MS-GRD: mothership by ground; N_EVT500: 
number of patients eligible for EVT; N_ISCH: number of patients with acute ischemic stroke 
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TABLE E.B.2: Cost and probability of good outcomes, 500 EVT patients 
Region MS GRD MS FLT DS GRD-tPA DS GRD-EVT DS FLT-tPA DS FLT-EVT Overall 

Optimal clinical outcomes 

Cost per patient 

Green $285,856  $301,786      $292,258    $292,986  

Metro $282,920  $292,617          $283,003  

North         $298,830  $294,999  $298,596  

West         $302,587  $301,275  $302,560  

Other $287,626  $304,851      $296,744  $288,634  $294,734  

Overall $283,788  $303,608      $294,197  $294,990  $287,588  

Probability of good outcomes 

Green 43.838% 43.664%     42.791%   43.099% 

Metro 44.122% 44.233%         44.123% 

North         38.503% 39.273% 38.550% 

West         39.829% 37.015% 39.773% 

Other 42.434% 41.702%     41.304% 40.993% 42.096% 

Overall 43.834% 42.264%     41.857% 39.219% 43.362% 

Optimal economic efficiency 

Cost per patient 

Green $286,092    $286,497    $290,044    $287,872  

Metro $282,920            $282,920  

North       $294,522  $298,776  $295,074  $298,489  

West     $291,985  $293,933  $301,096    $298,037  

Other $288,159  $291,327  $288,651  $290,926  $293,594  $288,634  $288,417  

Overall $284,312  $291,327  $287,206  $293,127  $292,824  $294,430  $285,353  

Probability of good outcomes 

Green 43.651%  42.423%  42.668% 
 

42.923% 

Metro 44.123%      44.123% 

North    36.061% 38.183% 36.559% 38.055% 

West   38.072% 36.528% 40.218% 
 

39.457% 

Other 42.012% 41.014% 40.716% 38.912% 41.066% 40.993% 41.896% 

Overall 43.608% 41.014% 41.861% 37.167% 41.446% 37.003% 43.277% 

MS GRD: mothership by ground; MS FLT: mothership by flight; DS GRD-tPA (EVT): drip-and-ship by ground with 
minimum time to tPA (EVT); DS FLT-tPA (EVT): drip-and-ship by flight with minimum time to tPA (EVT) 
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TABLE E.B.3: Distribution of dissemination areas by regions and strategies, 500 
EVT patients 

Region MS GRD MS FLT DS GRD-tPA DS GRD-EVT DS FLT-tPA DS FLT-EVT Overall 

Optimal clinical outcomes 

Green 127 151     582 0 860 

Metro 3,382 29     0 0 3,411 

North 0 0     123 8 131 

West 0 0     49 1 50 

Other 696 478     58 1 1,233 

Overall 4,205 658     812 10 5,685 

Optimal economic efficiency 

Green 277 0 218 0 365 0 860 

Metro 3,411 0 0 0 0 0 3,411 

North 0 0 0 1 121 9 131 

West 0 0 16 1 33 0 50 

Other 1,106 43 54 1 28 1 1,233 

Overall 4,794 43 288 3 547 10 5,685 

MS GRD: mothership by ground; MS FLT: mothership by flight; DS GRD-tPA (EVT): drip-and-ship by ground with 
minimum time to tPA (EVT); DS FLT-tPA (EVT): drip-and-ship by flight with minimum time to tPA (EVT) 

  

Endovascular therapy for acute ischemic stroke 261 



  

TABLE E.B.4: Cost and probability of good outcomes, better assessments at 
PSCs 

Region MS GRD MS FLT DS GRD-tPA DS GRD-EVT DS FLT-tPA DS FLT-EVT Overall 

Optimal clinical outcomes 

Cost per patient 

Green $289,981        $297,169    $296,400  

Metro $285,207  $299,018          $285,324  

North         $303,510  $300,364  $303,318  

West         $306,646  $305,929  $306,632  

Other $292,523  $316,791      $300,974  $294,033  $301,996  

Overall $286,515  $315,704      $298,740  $300,287  $291,218  

Probability of good outcomes 

Green 43.257%       42.685%   42.746% 

Metro 42.451% 42.854%         42.455% 

North         38.111% 37.947% 38.101% 

West         39.500% 36.578% 39.441% 

Other 41.241% 40.676%     41.017% 40.761% 41.018% 

Overall 42.270% 40.809%     41.830% 38.092% 42.060% 

Optimal economic efficiency 

Cost per patient 

Green $290,394    $291,884    $295,042    $292,726  

Metro $285,203            $285,203  

North       $300,045  $303,455  $300,460  $303,224  

West     $297,411  $299,430  $305,235    $302,615  

Other $292,925  $297,316  $294,080  $296,369  $298,448  $294,033  $293,259  

Overall $287,291  $297,316  $292,637  $298,615  $297,693  $299,817  $288,657  

Probability of good outcomes 

Green 42.930%   42.230%   42.446%   42.556% 

Metro 42.454%           42.454% 

North       35.760% 37.945% 36.264% 37.813% 

West     37.848% 36.247% 39.982%   39.224% 

Other 40.923% 39.696% 40.489% 38.674% 40.824% 40.761% 40.856% 

Overall 42.130% 39.696% 41.633% 36.894% 41.219% 36.714% 41.988% 

MS GRD: mothership by ground; MS FLT: mothership by flight; DS GRD-tPA (EVT): drip-and-ship by ground with 
minimum time to tPA (EVT); DS FLT-tPA (EVT): drip-and-ship by flight with minimum time to tPA (EVT) 
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TABLE E.B.5: Distribution of dissemination areas by regions and strategies, 
better assessments at PSCs 

Region MS GRD MS FLT DS GRD-tPA DS GRD-EVT DS FLT-tPA DS FLT-EVT Overall 

Optimal clinical outcomes 

Green 92 0     768 0 860 

Metro 3,382 29     0 0 3,411 

North 0 0     123 8 131 

West 0 0     49 1 50 

Other 683 445     104 1 1,233 

Overall 4,157 474     1,044 10 5,685 

Optimal economic efficiency 

Green 288 0 207 0 365 0 860 

Metro 3,411 0 0 0 0 0 3,411 

North 0 0 0 1 121 9 131 

West 0 0 16 1 33 0 50 

Other 1,105 43 55 1 28 1 1,233 

Overall 4,804 43 278 3 547 10 5,685 

MS GRD: mothership by ground; MS FLT: mothership by flight; DS GRD-tPA (EVT): drip-and-ship by ground with 
minimum time to tPA (EVT); DS FLT-tPA (EVT): drip-and-ship by flight with minimum time to tPA (EVT) 
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