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Stroke is one of the leading causes of disability and death 
globally and is associated with substantial economic bur-
den to patients and society.1,2 One-fourth of the popula-

tion will experience a stroke during their lifetime,1,3 and, in 
2016, there were about 13.7  million new stroke cases and 
5.5 million deaths due to stroke worldwide.3 Acute ischemic 
strokes due to large vessel occlusion account for 10%–30% of 
all ischemic strokes, and, compared to non–large-vessel occlu-
sion strokes, are associated with higher mortality, worse func-
tional outcomes and longer hospital stays.4,5 Endovascular 
thrombectomy (EVT) is a recently established treatment for 
acute ischemic stroke due to large vessel occlusion in the ante-
rior cerebral circulation, and intravenous administration of 
alteplase is the standard of care.6 Current guidelines strongly 

recommend administration of both EVT and alteplase for 
patients who are eligible for these treatments.7,8

Six recent randomized controlled trials of EVT with 
alteplase (current standard of care) compared to EVT alone in 
patients with acute ischemic stroke eligible for immediate treat-
ment with both therapies showed no significant differences in 
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Background: Recent randomized trials have suggested that endovascular thrombectomy (EVT) alone may provide similar functional 
outcomes as the current standard of care, EVT combined with intravenous alteplase treatment, for acute ischemic stroke secondary 
to large vessel occlusion. We conducted an economic evaluation of these 2 therapeutic options.

Methods: We constructed a decision analytic model with a hypothetical cohort of 1000 patients to assess the cost-effectiveness of 
EVT with intravenous alteplase treatment versus EVT alone for acute ischemic stroke secondary to large vessel occlusion from both 
the societal and public health care payer perspectives. We used studies and data published in 2009–2021 for model inputs, and 
acquired cost data for Canada and China, representing high- and middle-income countries, respectively. We calculated incremental 
cost-effectiveness ratios (ICERs) using a lifetime horizon and accounted for uncertainty using 1-way and probabilistic sensitivity 
analyses. All costs are reported in 2021 Canadian dollars.

Results: In Canada, the difference in quality-adjusted life-years (QALYs) gained between EVT with alteplase and EVT alone was 
0.10 from both the societal and health care payer perspectives. The difference in cost was $2847 from a societal perspective and 
$2767 from the payer perspective. In China, the difference in QALYs gained was 0.07 from both perspectives, and the difference in 
cost was $1550 from the societal perspective and $1607 from the payer perspective. One-way sensitivity analyses showed that the 
distributions of modified Rankin Scale scores at 90 days after stroke were the most influential factor on ICERs. For Canada, com-
pared to EVT alone, the probability that EVT with alteplase would be cost-effective at a willingness-to-pay threshold of $50 000 per 
QALY gained was 58.7% from a societal perspective and 58.4% from a payer perspective. The corresponding values for at a 
willingness-to-pay threshold of $47 185 (3 times the Chinese gross domestic product per capita in 2021) were 65.2% and 67.4%.

Interpretation: For patients with acute ischemic stroke due to large vessel occlusion eligible for immediate treatment with both EVT 
alone and EVT with intravenous alteplase treatment, it is uncertain whether EVT with alteplase is cost-effective compared to 
EVT alone in Canada and China.
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functional outcomes between the 2 groups.9–15 This evidence 
triggered a rapid clinical practice guideline, developed from the 
perspective of patients but also considering a societal perspec-
tive, in which costs are relevant as a secondary issue.16 Evidence 
with respect to the economic efficiency of EVT with alteplase 
versus EVT alone is needed to generate the guideline 
recommendations.

In prior economic analyses, investigators have explored 
EVT with alteplase versus alteplase alone and concluded that 
combination therapy was more cost-effective.17–19 There is a 
lack of evidence on the cost-effectiveness of combination 
therapy versus EVT alone. To evaluate the cost-effectiveness 
of EVT with alteplase versus EVT alone and to provide eco-
nomic evidence for the development of the international 
guideline, we conducted an economic analysis. We selected 
Canada and China as the settings of our analysis to represent 
high- and middle-income countries, respectively.

Methods

Study design
We developed a decision analytic model to estimate the cost and 
cost-effectiveness of EVT with intravenously administered 
alteplase (combination therapy) versus EVT alone for acute isch-
emic stroke secondary to large vessel occlusion. The analysis was 
conducted from both the societal and the public health care 
payer perspectives, in Canada and China, over a lifetime horizon. 
We reported this study following the Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS) statement.20

Cohort
In this analysis, we simulated a hypothetical cohort of 
1000 patients (mean start age 70 yr) with acute ischemic stroke 

due to large vessel occlusion. We further assumed occlusion of 
the intracranial internal carotid artery or the first segment 
of the middle cerebral artery, confirmed by imaging; eligibility 
for both intravenous alteplase and EVT treatment within 
4.5 hours of stroke onset; and functional independence before 
stroke (i.e., modified Rankin Scale [mRS] score 0–2).

Model structure
Figure 1 illustrates the model structure. The model com-
bined a decision tree for the first 90 days after acute ischemic 
stroke and a Markov model for survivors after 90 days over a 
lifetime horizon incorporating each population’s life expec-
tancy at the age of 70 years (Canada: 17 yr, China: 13 yr).21,22 
The decision tree and Markov model consisted of 7 health 
states represented by mRS scores of 0–6, with 0 indicating no 
symptoms; 1, symptoms without clinical disability; 2, slight 
disability; 3, moderate disability; 4, moderately severe dis
ability; 5, severe disability; and 6, death. Target patients who 
received EVT alone or with alteplase achieved 1 of the 
7 health states at 90 days after stroke, which was the patients’ 
terminal status in the decision tree and the survivors’ initial 
status in the Markov model. For the Markov model, we 
assumed that patients’ health outcomes beyond 90 days of the 
index stroke would be independent of earlier treatments but 
conditional on their health status at 90 days (i.e., mRS score 
0–5) after stroke.23 We further assumed that, at the end of 
each annual cycle, patients could transfer between any health 
states except mRS 6 (death) or stay in the same health state.

Model parameters
Model parameters related to efficacy of treatment at 90 days 
after stroke,9–15 health utilities24–26 and costs of care18,27–35 are 
summarized in Appendix 1, Supplementary Table S1 (available 
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Figure 1: Decision analytic model of endovascular thrombectomy with alteplase versus endovascular thrombectomy alone. Note: EVT = endo-
vascular thrombectomy, M = Markov, mRS = modified Rankin Scale.
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at www.cmajopen.ca/content/11/3/E443/suppl/DC1). The 
descriptions, sources and assumptions for the parameters are 
also provided in Appendix 1. Patients with ischemic stroke 
who receive EVT with alteplase or EVT alone are similar in 
demographic characteristics and the use of other medical 
resources.15 Accordingly, we assumed that the difference in 
direct costs within 90 days after stroke between the 2  arms 
was the price of alteplase, and that direct costs beyond 90 days 
after stroke and indirect costs in all phases for each mRS were 
the same between the 2  arms. All costs in our study were 
presented in 2021 Canadian dollars. We applied a currency 
exchange rate of 0.19 from the Chinese yuan to the Canadian 
dollar as well as the Consumer Price Index to convert and 
inflate costs.36,37

Given that there is sparse evidence for long-term (after 
90  d) stroke outcomes in Canada and China, we estimated 
the long-term outcomes using data from the Oxford Vascular 
Study, a prospective cohort study involving all registered 
patients with acute vascular events in Oxfordshire, United 
Kingdom, that began in 2002.38 We consulted stroke experts 
(M.D.H. and E.E.S.) on our team and achieved consensus 
that the transition probabilities beyond 90 days after stroke 
are very similar between the UK, Canada and China. Transi-
tion probabilities are directly related to prognosis after an 
incident stroke. Stroke prognosis is grossly dependent on 
3 factors: mobility, swallowing and cognitive status. Broadly, 
these 3 factors are based on physiology, which does not differ 
by country, race or ethnicity. In contrast, care delivery and 
availability of care is a sociopolitical construct that does vary 
by country and political organization. On balance, physiology 
plays a stronger role,15 which means that transition probabili-
ties are more similar than they are different in different coun-
tries. The final transition probabilities38–44 used in the Markov 
model and their sources and assumptions are summarized in 
Table 1.

Outcomes
Our primary outcome was incremental cost-effectiveness ratio 
(ICER), and our secondary outcomes were incremental costs, 
incremental life-years and incremental quality-adjusted life-
years (QALYs). We calculated the ICER by dividing the dif-
ference in costs by the difference in QALYs gained between 
the 2 study arms (EVT with alteplase and EVT alone).

Statistical analysis

Base-case analyses
Using the decision analytic model, we conducted a cost-
effectiveness analysis from both the societal and the public 
health care payer perspectives to compare the cost-
effectiveness of EVT with alteplase versus EVT alone in 
Canada and China. We applied an annual discounting rate of 
1.5% and 5% for Canada and China, respectively.45,46 Fol-
lowing the Canadian Agency for Drugs and Technologies in 
Health guideline, we used the distributions of model parame-
ter inputs as listed in Table 1 and Appendix 1, Supplementary 
Tables S1–S3, in the probabilistic analysis and ran the model 

through 1000  Monte Carlo simulations. We estimated the 
expected mean values of costs and QALYs over the 1000 sim-
ulations and calculated the expected ICERs. We also adopted 
the deterministic technique for the base-case analyses.

Sensitivity analyses
To account for the uncertainty in our model, we conducted 
one-way and probabilistic sensitivity analysis. We assessed the 
impact of all factors in the model on ICER, QALYs gained 
and costs in a one-way sensitivity analysis. We also assessed the 
probabilities that EVT with alteplase would be cost-effective 
compared to EVT alone when using different willingness-to-
pay thresholds for 1  unit of QALY gain. Specifically, we 
assessed the probabilities that EVT with alteplase would be a 
cost-effective strategy under often-used willingness-to-pay 
thresholds of $50 000 in Canada and $47 185 (3  times the 
gross domestic product per capita in China in 2021) in China, 
respectively.45–48 Given that alteplase has 2 different dosages 
(50 mg/vial and 20 mg/vial) with different unit prices in China, 
we also explored the impact of different scenarios in which 
patients might share the drug or use the 20-mg vial only, 
50-mg vial only, or a combination of 20-mg and 50-mg vial(s). 
We also explored the impact of different time horizons 
(e.g.,  5  yr, 10  yr) and mean ages of the target patient 
(e.g., 55 yr, 60 yr) on our results.

We performed our economic analysis using Microsoft 
Excel and estimated the transition probability using R version 
4.0.5 (R Foundation for Statistical Computing).

Ethics approval
Ethics approval was not required for this cost-effectiveness anal-
ysis, as our study used publicly available aggregate data only.

Results

Base-case analyses
The results of deterministic base-case analyses in the setting 
of Canada and China from the societal and health care payer 
perspectives are presented in Table 2. Compared to EVT 
alone, EVT with alteplase incurred more costs and gained 
more QALYs. The base-case ICERs per QALY gained in 
Canada were $27 270 and $26 511 from the societal and pub-
lic payer perspectives, respectively; the corresponding values 
for China were $22 057 and $22 864.

The results of probabilistic base-case analyses in the setting 
of Canada and China from the societal and health care payer 
perspectives are presented in Appendix 1, Supplementary 
Table S4. Compared to EVT alone, EVT with alteplase 
incurred more expected costs and gained more expected 
QALYs. The expected ICERs per QALY in Canada were 
$31 707 and $30 035 from the societal and payer perspectives, 
respectively; the corresponding values for China were $22 846 
and $22 713.

Sensitivity analyses
One-way sensitivity analyses suggested that the most influen-
tial variable in our economic model for Canada was the 
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Table 1: Transition probabilities according to modified Rankin Scale score*

Time after 
stroke; 
mRS 
score†

mRS score; 9-mo transition probabilities between different mRS states  
from 90 d to 1 yr after stroke‡

90 d 0 1 2 3 4 5 6

Canada

    0 0.450 0.427 0.089 0.014 0.002 0.000§ 0.017

    1 0.159 0.575 0.196 0.045 0.008 0.000§ 0.017

    2 0.057 0.333 0.371 0.174 0.046 0.002 0.017

    3 0.007 0.064 0.147 0.467 0.210 0.015 0.090

    4 0.001 0.012 0.039 0.212 0.336 0.052 0.349

    5 0.000§ 0.001 0.004 0.035 0.115 0.444 0.401

China

    0 0.445 0.422 0.088 0.014 0.002 0.000 0.029

    1 0.157 0.568 0.193 0.044 0.008 0.000 0.029

    2 0.056 0.328 0.367 0.172 0.045 0.002 0.029

    3 0.007 0.063 0.145 0.461 0.207 0.015 0.102

    4 0.001 0.011 0.038 0.208 0.329 0.051 0.362

    5 0.000 0.001 0.004 0.034 0.113 0.435 0.413

mRS score; annual transition probabilities between different mRS states  
beyond 1 yr after stroke

1 yr 0 1 2 3 4 5 6

Canada

    0 0.782 0.188 0.013 0.000§ 0.000§ 0.000§ 0.017

    1 0.046 0.819 0.108 0.005 0.005 0.000§ 0.017

    2 0.002 0.082 0.746 0.073 0.070 0.002 0.024

    3 0.000§ 0.001 0.021 0.367 0.351 0.021 0.239

    4 0.000§ 0.001 0.021 0.367 0.351 0.021 0.239

    5 0.000§ 0.000§ 0.000§ 0.000§ 0.000§ 0.733 0.267

China

    0 0.772 0.185 0.013 0.000§ 0.000§ 0.000§ 0.029

    1 0.045 0.808 0.106 0.005 0.005 0.000§ 0.029

    2 0.002 0.080 0.737 0.072 0.069 0.002 0.036

    3 0.000§ 0.001 0.020 0.361 0.346 0.021 0.251

    4 0.000§ 0.001 0.020 0.361 0.346 0.021 0.251

    5 0.000§ 0.000§ 0.000§ 0.000§ 0.000§ 0.721 0.279

Note: mRS = modified Rankin Scale.
*All the transition probabilities in the table were used for the base-case analysis. All probabilities in the table follow a 
Dirichlet distribution. We constructed the ranges of all transition probabilities by increasing and decreasing the base-case 
value by 20%.
†0 = no symptoms, 1 = symptoms without clinical disability, 2 = slight disability, 3 = moderate disability, 4 = moderately 
severe disability, 5 = severe disability, 6 = death.
‡Sources and assumptions: we initially estimated the transition probabilities for both arms, within 1 year and beyond 
1 year, by fitting the data from the Oxford Vascular Study38 into a multistate model (Appendix 2, available at www.
cmajopen.ca/content/11/3/E443/suppl/DC1).23,39 We further adjusted the probabilities to account for the differences in 
background mortality between populations from different countries by substituting mortality data for the UK population 
in the Oxford Vascular Study with mortality rates for Canada and China and proportionally adjusting the other transition 
probabilities.40–44 We assumed that the transition probabilities within 1 year and beyond 1 year were the same in the 
2 treatment arms.
§The value is not 0 but, rather, smaller than 0.0005.



Research

	 CMAJ OPEN, 11(3)	 E447    

distribution of mRS scores at 90 days after stroke, from both 
the societal and the payer perspectives. We found similar 
results for China. Scenario analyses results for EVT alone 
versus EVT with alteplase are presented in Appendix 1, Sup-
plementary Table S5.

The cost-effectiveness acceptability curves for Canada sug-
gested that, at a willingness-to-pay threshold of $50 000 per 
QALY gained, the probability that EVT with alteplase would 
be cost-effective compared to EVT alone was 58.7% from the 
societal perspective and 58.4% from the payer perspective 
(Figure 2A and 2B). For China, at a willingness-to-pay thresh-
old of $47 185, the probability that EVT with alteplase would 
be cost-effective was 65.2% from the societal perspective and 
67.4% from the payer perspective (Figure 2C and 2B). Incre-
mental cost-effectiveness planes are presented in Appendix 1, 
Supplementary ​Figures S1–S4.

Interpretation

The results of our analysis of the cost-effectiveness of EVT 
with intravenous alteplase treatment versus EVT alone were 
uncertain. In Canada, the difference in QALY between EVT 
with alteplase and EVT alone was 0.10 from both the soci-
etal and the health care payer perspectives; the correspond-
ing differences in cost were $2847 and $2767. In China, the 
difference in QALY was 0.07 from both the societal and 
health care payer perspectives, and the corresponding differ-
ences in cost were $1550 and $1607. The probability that 
EVT with alteplase would be cost-effective was about 60% 
for both countries.

Unlike previous authors of economic analyses assessing the 
cost-effectiveness of management strategies for ischemic 
stroke, we did not use health states based on recurrent stroke 
only in the long-term progression of stroke or dichotomize 
mRS  0–5 into independence (mRS  0–2) and disability 
(mRS 3–5) in our models.17–19,34 One reason is that stroke sur-
vivors can develop multiple events other than recurrent stroke 

in the long term. The incidence of nonvascular (e.g., seizures) 
and other, vascular events (e.g.,  cognitive impairment) in 
stroke survivors is high, and complex relations exist among 
these clinical events. A review of studies examining the long-
term prognosis of stroke survivors showed that the incidence 
of cognitive impairment was as high as 35%; incident stroke is 
associated with accelerated cognitive impairment, and post-
stroke dementia is associated with higher stroke occurrence 
rates.49 Thus, it is important to incorporate multiple clinical 
events other than recurrent stroke in the model to capture the 
clinical complexity of poststroke recovery. Another reason is 
the loss of information in dichotomized models; there is a 
stronger relation between individual mRS categories and 
long-term outcomes and costs for stroke survivors than 
between dichotomized mRS scores and stroke survivors’ long-
term outcomes and costs.50 Using recurrent stroke as the only 
long-term event or dichotomizing mRS 0–5 to capture the 
prognosis of stroke survivors may not be accurate.

For both Canada and China, the difference in costs and 
QALY gains (although the absolute difference is small) over 
lifetime between EVT with alteplase and EVT alone was 
due mainly to the cost of alteplase and to different patient 
distributions across mRS scores 0–6 at 90 days after stroke, 
which we derived from a meta-analysis of 6 randomized con-
trolled trials using a randomized effect model.15 In the set-
ting of China, the utility values for mRS  0–1 were higher 
than the values applied in Canada, whereas the utility values 
for mRS 2–4 were lower than those used in Canada. In addi-
tion, the life expectancy for the 70-year-old population is 
13 years in China and 17 years in Canada. These differences 
in utility values and life expectancies were associated with a 
slightly lower QALY gain in China than in Canada, from 
both the societal and health care payer perspectives.

Limitations
Some model inputs were from studies conducted outside Can-
ada or China. Our long-term clinical outcomes for this analysis 

Table 2: Results of deterministic base-case analyses

Perspective Intervention Cost, $ IncCost, $ QALYs IncQALYs ICER

Canada

    Societal EVT with alteplase 143 411 2847 4.68 0.10 27 270

EVT 140 564 – 4.58 – –

    Payer EVT with alteplase 102 644 2767 4.68 0.10 26 511

EVT 99 876 – 4.58 – –

China

    Societal EVT with alteplase 39 000 1550 3.12 0.07 22 057

EVT 37 450 – 3.05 – –

    Payer EVT with alteplase 25 712 1607 3.12 0.07 22 864

EVT 24 105 – 3.05 – –

Note: EVT = endovascular thrombectomy, ICER = incremental cost-effectiveness ratio, incCost = incremental cost, incQALY = incremental 
quality-adjusted life-year, QALY = quality-adjusted life-year.
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were acquired from the UK Oxford Vascular Study,38 and we 
estimated costs beyond 1 year in Canada using ratios reported 
in Australian studies.31,32 However, we adjusted model inputs 
using local background mortality and costs data, and performed 
sensitivity analysis. Our results were robust in all sensitivity and 
scenario analyses. We assumed that the difference in direct 
costs between EVT with alteplase and EVT alone within 
90 days after stroke in the model was the price of alteplase. 
Alteplase-related costs (e.g., nursing time, intravenous pumps 
and tubing) were not considered in the model because they are 
much lower than the cost of alteplase; however, we explored 
the impact of varying alteplase cost on ICERs and found simi-
lar results in all scenarios. Finally, we estimated the indirect 

costs in China by conducting a survey among 11 selected neur
ologists working in 6 provinces of China, and the results might 
not be representative outside of these provinces.

Conclusion
For patients in Canada and China with acute ischemic stroke 
due to large vessel occlusion eligible for immediate treatment 
with both EVT alone and EVT with alteplase, the cost-
effectiveness of EVT with alteplase versus EVT alone was 
uncertain. Our analysis provides insight into the economic 
efficiency of taking alteplase out of the currently recom-
mended regimen of EVT with alteplase for the management 
of ischemic stroke.
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Figure 2: Cost-effectiveness acceptability curves of being cost-effective for endovascular thrombectomy (EVT) with alteplase versus EVT alone. 
(A) Canada, societal perspective, (B) Canada, health care payer perspective, (C) China, societal perspective, (D) China, health care payer per-
spective. Dashed vertical lines indicate threshold of $50 000 for Canada and $47 185 for China. Note: QALY = quality-adjusted life-year.
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