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Abstract

IMPORTANCE Two 2018 randomized controlled trials (DAWN and DEFUSE 3) demonstrated the
clinical benefit of mechanical thrombectomy (MT) more than 6 hours after onset in acute ischemic
stroke (AIS). Health-economic evidence is needed to determine whether the short-term health
benefits of late MT translate to a cost-effective option during a lifetime in the United States.

OBJECTIVE To compare the cost-effectiveness of 2 strategies (MT added to standard medical care
[SMC] vs SMC alone) for various subgroups of patients with AIS receiving care more than 6 hours
after symptom onset.

DESIGN, SETTING, AND PARTICIPANTS This economic evaluation study used the results of the
DAWN and DEFUSE 3 trials to populate a cost-effectiveness model from a US health care perspective
combining a decision tree and Markov trace. The DAWN and DEFUSE 3 trials enrolled 206
international patients from 2014 to 2017 and 182 US patients from 2016 to 2017, respectively.
Patients were followed until 3 months after stroke. The clinical outcome at 3 months was available for
29 subgroups of patients with AIS and anterior circulation large vessel occlusions. Data analysis was
conducted from July 2018 to October 2019.

EXPOSURES MT with SMC in the extended treatment window vs SMC alone.

MAIN OUTCOMES AND MEASURES Expected costs and quality-adjusted life-years (QALYs) during
lifetime were estimated. Deterministic results (incremental costs and effectiveness, incremental
cost-effectiveness ratios, and net monetary benefit) were presented, and probabilistic analyses were
performed for the total populations and 27 patient subgroups.

RESULTS In the DAWN study, the MT group had a mean (SD) age of 69.4 (14.1) years and 42 of 107
(39.3%) were men, and the control group had a mean (SD) age of 70.7 (13.2) years and 51 of 99
(51.5%) were men. In the DEFUSE 3 study, the MT group had a median (interquartile range) age of 70
(59-79) years, and 46 of 92 (50.0%) were men, and the control group had a median (interquartile
range) age of 71 (59-80) years, and 44 of 90 (48.9%) were men. For the total trial population,
incremental cost-effectiveness ratios were $662/QALY and $13 877/QALY based on the DAWN and
DEFUSE 3 trials, respectively. MT with SMC beyond 6 hours had a probability greater than 99.9% of
being cost-effective vs SMC alone at a willingness-to-pay threshold of $100 000/QALY. Subgroup
analyses showed a wide range of probabilities for MT with SMC to be cost-effective at a willingness-
to-pay threshold of $50 000/QALY, with the greatest uncertainty observed for patients with a
National Institute of Health Stroke Scale score of at least 16 and for those aged 80 years or older.

CONCLUSIONS AND RELEVANCE The results of this study suggest that late MT added to SMC is
cost-effective in all subgroups evaluated in the DAWN and DEFUSE 3 trials, with most results being
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Abstract (continued)

robust in probabilistic sensitivity analyses. Future MT evidence-gathering could focus on older
patients and those with National Institute of Health Stroke Scale scores of 16 and greater.
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Introduction

The randomized clinical trials DAWN and DEFUSE 3 demonstrated superior functional outcomes of
mechanical thrombectomy (MT) at 90 days among patients with acute ischemic stroke (AIS) treated
6 to 24 hours after they were last known well (eAppendix in the Supplement).1,2 Health-economic
evidence is needed to determine whether the short-term functional benefit of late MT translates to
cost-effectiveness in the United States over a lifetime. A prolonged MT window implies advanced
neuroimaging selection of patients and greater neurology and endovascular staff, which are costly
and potentially critical resources. Furthermore, factors such as time from symptom onset, patient
characteristics, National Institutes of Health Stroke Scale (NIHSS) score, mode of presentation,
imaging criteria, and localization of the occlusion might influence the long-term value of late MT.
Analyzing the magnitude of the long-term cost-effectiveness of late window MT per patient
subgroup could expand the evidence and help inform allocation of critical resources. The aim of this
study was to compare the cost-effectiveness of MT with standard medical care (SMC) vs SMC alone
by patient subgroup in the late window in the United States.

Methods

Study Design
We framed, structured, populated, and dealt with uncertainty according to the formal steps of cost-
effectiveness modeling.3,4 A short-run decision tree model (3-month time horizon) and a lifetime
Markov state-transition model were designed in Microsoft Excel version 2002 to analyze and
compare the costs and outcomes of 2 care pathways, ie, MT with SMC vs SMC alone, in patients with
AIS 6 to 24 hours after symptom onset in the United States. We defined SMC as antiplatelet therapy
and supportive care according to local guidelines. Subgroup analyses were performed based on the
subgroup data published for the 2 trials.1,2 A hypothetical US cohort of 1000 patients with AIS was
modeled using the same age characteristics and criteria as defined in the trials.

The efficacy data from the 2 trials were used as 3-month input parameters in our short-run
model. Other input parameter values, such as costs, utilities, and transition probabilities, were drawn
from the literature. Costs and quality-adjusted life-years (QALYs) were calculated for each care
strategy for a lifetime time horizon. Costs and outcomes were discounted at 3% annually, and the US
health care perspective was used. Per our institutional policy, ethical approval is not required for this
study type. This study followed the Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) reporting guideline.5

Model Structure
Decision Tree Model
We built a short-run decision model to estimate the costs and clinical outcomes at 90 days after the
first AIS (Figure 1). Patients with AIS in a hypothetical cohort were distributed at 90 days into 1 of 7
possible modified Ranking Scale (mRS) scores.6 Treatment outcomes were assumed to occur during
the acute phase. The probabilities for a patient to be allocated to the different mRS states at 90 days
were obtained from the DAWN and DEFUSE 3 results for both the total study populations and for
patient subgroups (eTable 1 in the Supplement). The group of patients in the combined mRS 5 and 6
group in the DAWN results was split into 2 groups (mRS 5 and mRS 6) according to the relative
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proportions of these 2 groups in the DEFUSE 3 trial. The mean age of the modeled cohort of AIS
patients was customized based on the mean age per trial, per strategy (MT with SMC or SMC alone)
and per patient subgroup. The ages modeled in our different analyses can be found in eTable 2 in the
Supplement.

Markov Model
We included AIS patients who survived the initial 3-month acute phase in a long-run Markov state-
transition model (Figure 1) built to estimate lifetime costs and health outcomes. The model was
composed of 3-month cycles, which were repeated until all patients theoretically died to reflect a
lifetime time horizon. Every 3 months, patients could remain in their current mRS state, experience a
recurrent stroke, or die from nonstroke-related cause. Patients experiencing a recurrent stroke could
either die or transition to a worse mRS state (with an equal risk of transitioning to a worse state).
Because previous studies indicated an increased mortality for dependent patients (ie, patients with
mRS 3, 4, or 5) compared with independent patients (ie, patients with mRS 0, 1, or 2),7,8 we used mRS
state-specific hazard ratios (Table 1).8-19 We used US life tables for age-adjusted and sex-adjusted
all-cause mortality rates applied from the end of month 3 onward.20

Patients experiencing a recurrent stroke were managed with the same treatment strategy (ie,
MT with SMC or SMC only) as their initial treatment strategy. Based on previous studies, the risk of
stroke recurrence was assumed to be equal across mRS states.11,21 We assumed that patients could
experience only 1 recurrent stroke per 3-month cycle. The transition probabilities used in the Markov
model can be found in Table 1.

Figure 1. Model Structure Representing the 3-Month Acute Phase and the Long-term Sequence of Events Post-initial Stroke
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Patient’s entry into the model occurs at presentation with acute ischemic stroke
between 6 and 24 hours after stroke onset. Patients receive either mechanical
thrombectomy with standard care or standard care alone as acute treatment and enter a
health state of the modified Rankin Scale (mRS) after the 3-month acute phase. Patients
who survive the initial acute phase enter the Markov model, which runs on 3-month

cycles. After every 3 months, patients can remain in their current mRS state, experience
a recurrent stroke, or die from a nonstroke-related cause. After a recurrent stroke,
patients either die or transition to a worse mRS state (with risk equally divided among
worse states).
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Table 1. List of Input Parametersa

Model input parameters Base-case value Distribution Range Source

3-Monthly transition probabilities in the Markov model

State after recurrence of a patient in mRS 0

Fagan et al9,10 for probability of death
and assumption that patient has an
equal risk of transitioning to 1 of the
worse states

mRS 1 0.19

Dirichlet 0-1

mRS 2 0.19

mRS 3 0.19

mRS 4 0.19

mRS 5 0.19

mRS 6 or death 0.0513

State after recurrence of a patient in mRS 1

mRS 2 0.24

Dirichlet 0-1

mRS 3 0.24

mRS 4 0.24

mRS 5 0.24

mRS 6 or death 0.0513

State after recurrence of a patient in mRS 2

mRS 3 0.32

Dirichlet 0-1
mRS 4 0.32

mRS 5 0.32

mRS 6 or death 0.0513

State after recurrence of a patient in mRS 3

mRS 4 0.47

Dirichlet 0-1mRS 5 0.47

mRS 6 or death 0.0513

State after recurrence of a patient in mRS 4

β Parameters,
α = 94.9; β = 5.1

mRS 5 0.95

mRS 6 or death 0.0513

Death hazard ratios

mRS 0 1

Log normal

SE, 0.076

Samsa et al,8 1999

mRS 1 1 SE, 0.46

mRS 2 1.11 SE, 0.46

mRS 3 1.27 SE, 0.46

mRS 4 1.71 SE, 0.46

mRS 5 2.37 SE, 0.46

Recurrence 0.013 β Parameters, α = 13;
β = 986

Ganesalingam et al,11 2015

Costs and resource use

Costs and resource use in the decision tree

CT $198 β Pert $168-$228

CMS,12 2015
CTA $774 β Pert $658-$890

MRI $625 β Pert $531-$718

MRA $1023 β Pert $870-$1176

CTP $836 β Pert $711-$961 Jackson et al,13 2010

Software $89 β Pert $44-$520 eTable 3 in the Supplement

Frequency of CTA vs MRA 0.5 Uniform 0-1
Assumed

Frequency of CTP vs MRI 0.5 Uniform 0-1

IV-tPA acquisition and administration $8004 β Pert $6403-$9605 Kunz et al,14 2016

MT devices, nonphysician room personnel,
and operating room overhead

$15 836 β Pert $5270-$26 401
Shireman et al,15 2017

Physician costs $2749 β Pert $1262-$4236

(continued)
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Costs and Resource Inputs
All costs were calculated in US dollars for the fiscal year 2019. We inflated costs originating from
previous years based on the general Consumer Price Index.22 Costs and resources used in the model
are presented in Table 1.

Table 1. List of Input Parametersa (continued)

Model input parameters Base-case value Distribution Range Source

Acute first 3-mo costs

mRS 0 $14 382 β Pert $14 210-$14 554

Joo et al,16 2017; no IV-tPA group,
weighted mean of costs for the group
aged 65-80 y and the group aged
≥80 y

mRS 1 $14 382 β Pert $14 210-$14 554

mRS 2 $14 382 β Pert $14 210-$14 554

mRS 3 $17 879 β Pert $17 660-$18 097

mRS 4 $17 879 β Pert $17 660-$18 097

mRS 5 $17 879 β Pert $17 660-$18 097

mRS 6 or death $23 498 β Pert $22 614-$24 382

Costs and resource use in the Markov model

3-monthly long-term health care costs,
day 90 onward

mRS 0 $2836 β Pert $2269-$3403

Shireman et al,15 2017;
Earnshaw et al,17 2009, for range

mRS 1 $2741 β Pert $2336-$3504

mRS 2 $3378 β Pert $2703-$4054

mRS 3 $5801 β Pert $4641-$6961

mRS 4 $11 742 β Pert $9393-$14 090

mRS 5 $17 262 β Pert $13 809-$20 714

Cost of recurrent stroke 90 d following
stroke recurrence

Values for the total
population

No independent
distribution was defined;
costs vary based on the
2000 PSA results (ie,
expected value of costs)
of decision tree

Based on the 95%
CIs of the 2000 PSA
results

From short-run 90-d decision tree

MT with SMC strategy

DAWN trial $37 974 $29 607-$47 008

DEFUSE 3 trial $38 500 $30 077-$47 738

SMC alone strategy

DAWN trial $20 693 $20 073-$21 378

DEFUSE 3 trial $20 479 $19 834-$21 198

Utilities

mRS 0 0.85 β 0.80-1.00

Gage et al,18 1998; Nelson et al,19

2016; Earnshaw et al,17 2009, for the
range.

mRS 1 0.80 β 0.80-0.95

mRS 2 0.70 β 0.68-0.90

mRS 3 0.51 β 0.45-0.65

mRS 4 0.30 β 0.10-0.40

mRS 5 0.15 β 0-0.32

mRS 6 or death 0 NA NA

Recurrent stroke 90 d following
stroke recurrence

Values for the total
population

No independent
distribution was defined;
utilities vary based on
the 2000 PSA results (ie,
expected value of utility)
of the decision tree

Based on the 95% CI
of the 2000 runs

From short-run 90-d decision-tree

MT with SMC strategy

DAWN trial 0.49 0.43-0.56

DEFUSE 3 trial 0.48 0.42-0.56

SMC alone strategy

DAWN trial 0.31 0.24-0.37

DEFUSE 3 trial 0.31 0.24-0.37

Abbreviations: CT, computed tomography; CTA, CT angiography; CTP, CT perfusion;
IV-tPA, intravenous tissue plasminogen activator; MRA, magnetic resonance
angiography; MRI, MR imaging; mRS, modified Ranking Scale; MT, mechanical
thrombectomy; SMC, standard medical care.

a Input parameters related to efficacy of MT with SMC and SMC alone, used in the
decision tree, can be found in eTable 1 in the Supplement.
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For SMC alone, patients were assumed to have received computed tomography (CT) and CT
angiography (CTA). For MT with SMC, patients were assumed to have received CT and CTA or
magnetic resonance angiography (MRA) and CT perfusion (CTP) or MR imaging (MRI). We assumed
that CTA was used as often as MRA and that CTP was used as often as MRI. The cost of the software
used to assess the infarct volume with MRI and CTP was added (eTable 3 in the Supplement). The
cost of intravenous thrombolysis included acquisition and administration.14 This cost was included in
both the MT with SMC and SMC strategies proportionally to the frequency of use in each group of
the DAWN and DEFUSE 3 trials (eTable 4 in the Supplement). The cost of MT included the cost of the
devices, nonphysician room personnel, and operating room overhead.15 The physician costs related
to the delivery of MT were added.15

Based on the literature, the mean acute costs of the first 90 days after AIS and the mean
3-month long-term costs were dependent on the severity of the outcome (ie, on mRS state). The
acute costs reflected the mean payment per patient with ischemic stroke older than 65 years
discharged to home after hospitalization with an mRS score of less than 2, discharged to any
destination except home with an mRS score of 3 to 5, and dying at the hospital with an mRS score of
6, based on original data from the 2010 to 2013 MarketScan Commercial Claims and Encounters
Inpatient Database and Medicare Supplemental and Coordination of Benefits Database.16,23 Long-
term mRS state-specific poststroke costs were based on observed data from a prospective economic
study conducted alongside the SWIFT-PRIME trial.24 The long-term costs were based on Medicare
inpatient and outpatient claims 3 months after the initial hospitalization and until death for 958
patients treated in 2 stroke centers in the United-States between 2010 and 2014.15 Nursing home
costs were included. The cost of a recurrent stroke was derived from the findings of the decision tree
and assumed to be specific to the MT with SMC strategy or SMC strategy alone. As such, it represents
the cost estimate to identify and treat a typical AIS according to the strategy defined in the
decision tree.

Utilities and Quality of Life
Utilities were assigned to each mRS state based on survey data from a large sample of individuals at
increased risk of stroke using the time trade-off method to value hypothetical health states. We
chose this because of its methods and its use in recent US cost-effectiveness models.18,19

Utility values (ranges) were defined as 0.85 (0.80-1.00) for mRS 0; 0.80 (0.80-0.95) for mRS
1; 0.70 (0.68-0.90) for mRS 2; 0.51 (0.45-0.65) for mRS 3; 0.30 (0.10 to 0.40) for mRS 4; and 0.15
(0-0.32) for mRS 5. The utility of a recurrent stroke was assumed to be specific to each pathway and
derived from the outcomes of the short-run model. Utilities were varied according to a β distribution
(Table 1).

Subgroup Analyses
The published results of the DAWN and DEFUSE 3 trials allowed for 29 subgroup analyses. The mean
ages reported for the total study population from the trials (control and intervention groups) were
used by default except for subgroups defined by age (eTable 2 in the Supplement). The sample size
for each subgroup was modeled according to the trial subgroups (eTable 1 in the Supplement). Cost-
effectiveness analyses were conducted for the total study populations and patient subgroups
defined by time from stroke onset, age, NIHSS score, mode of presentation, clinical infarct mismatch
(group A, aged �80 years, NIHSS score �10, and infarct volume <21 mL; group B, aged <80 years,
NIHSS score �10, and infarct volume <31 mL; group C, aged <80 years, NIHSS score �20, and infarct
volume 31-51 mL), occlusion location, time of symptom first observed, and trial eligibility criteria.

Statistical Analysis
No statistical tests were conducted. No hypothesis testing nor level of statistical significance was
relevant to our analysis. We estimated the credibility intervals (CI) surrounding the mean values
when relevant (Table 2).
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Table 2. Expected Values of Cost-effectiveness of Mechanical Thrombectomy With Standard Medical Care vs Standard Medical Care Alone per Patient
with Acute Ischemic Stroke Stratified by Subgroup in the Base Case

Subgroups
according to
criteria

DAWN DEFUSE 3

Incremental costs
(95% CI), $

Incremental QALY
(95% CI)

ICER
($/QALY)

Incremental NMB
(95% CI), $a

Incremental costs
(95% CI), $

Incremental QALY
(95% CI)

ICER
($/QALY)

NMB
(95% CI), $a

Time from
stroke onset, hb

6 to ≤24, ie,
full DAWN
group

1380 (−62 510 to
52 675)

2.085 (1.283 to
3.239)

662 207 125 (121 419 to
328 519)

NA NA NA NA

6 to ≤12 −24 340 (−109 596 to
51 786)

1.968 (0.793 to
3.403)

−12 369
(dominant)

221 130 (87 319 to
389 968)

NA NA NA NA

>12 23 446 (−46 225 to
85 923)

2.244 (1.259 to
3.468)

10 063 200 996 (88 012 to
340 344)

NA NA NA NA

6 to ≤16, ie,
full DEFUSE
3 group

NA NA NA NA 25 098 (−35 502 to
76 710)

1.809 (0.972 to
2.847)

13 877 155 767 (63 411 to
277 583)

6 to ≤11 NA NA NA NA 8511 (−62 240 to
71 472)

1.086 (−0.036 to
2.387)

7838 100 076 (−26 195 to
247 802)

>11 NA NA NA NA 49 256 (−32 490 to
128 731)

2.599 (1.453 to
4.016)

18 951 210 654 (85 444 to
366 389)

Age, y

≥80 14 451 (−38 704 to
58 813)

0.677 (−0.110 to
1.666)

19 994 57 825 (−23 371 to
153 740)

10 957 (−45 627 to
59 194)

0.504 (−0.256 to
1.376)

21 733 39 461 (−48 722 to
198 257)

<80 −28 675 (−106 405 to
36 384)

2.062 (1.043 to
3.344)

−13 908
(dominant)

234 857 (114 005 to
388 901)

29 235 (−40 244 to
89 664)

1.930 (0.906 to
3.214)

15 151 163 727 (45 800 to
314 595)

NIHSS score

10 to <17 −14 030 (−91 236 to
47 696)

2.4972 (1.331 to
3.932)

−5675
(dominant)

261 266 (129 596 to
424 608)

NA NA NA NA

≥17 18 125 (−62 348 to
81 368)

1.427 (0.472 to
2.581)

12 698 124 620 (24 100 to
258 074)

NA NA NA NA

<16 NA NA NA NA 5473 (−62 186 to
61 355)

1.540 (0.363 to
2.871)

3555 148 488 (10 890 to
304 083)

≥16 NA NA NA NA 56 866 (−21 042 to
132 049)

1.334 (0.256 to
2.443)

42 635 76 514 (−42 001 to
196 691)

Mode of
presentation

Wake up −9275 (−88 519 to
58 881)

2.241 (1.172 to
3.549)

−4139
(dominant)

233 341 (119 290 to
386 019)

10 318 (−81 241 to
82 859)

1.949 (0.891 to
3.355)

5294 184 593 (73 893 to
338 877)

Witnessed 13 005 (−117 373 to
130 783)

2.921 (0.786 to
5.218)

4453 279 067 (36 291 to
537 288)

21 061 (−57 981 to
93 981)

2.143 (0.721 to
3.738)

9828 193 230 (24 396 to
377 276)

Unwitnessed 9522 (−86 403 to
95 731)

1.507 (0.094 to
3.044)

6319 141 170 (−12 913 to
312 454)

NA NA NA NA

Clinical infarct
mismatchc

Group A 14 451 (−35 197 to
56 392)

0.723 (−0.022 to
1.623)

19 994 57 825 (−20 168 to
153 024)

NA NA NA NA

Group B −28 621 (−106 109 to
37 741)

1.988 (0.95 to
3.348)

−14 397
(dominant)

227 428 (106 248 to
387 532)

NA NA NA NA

Group C −22 379 (−214 699 to
145 798)

1.380 (−1.639 to
4.234)

−16 211
(dominant)

160 340 (−153 172 to
480 987)

NA NA NA NA

Occlusion
location

ICA 22 813 (−80 872 to
118 427)

1.930 (0.149 to
4.018)

11 819 170 202 (−19 862 to
383 228)

NA NA NA NA

MCA M1 804 (−66 161 to
56 198)

1.982 (1.097 to
3.162)

406 197 363 (91 793–
330 057)

NA NA NA NA

MCA M2 −49 769 (−283 278 to
189 815)

1.782 (−3.319 to
6.476)

−27 934
(dominant)

227 933 (−303 565 to
711 711)

Time from
symptom first
observed, hd

≤6 9340 (−61 634 to
67 879)

2.006 (1.083 to
3.245)

4657 191 216 (81 783 to
334 672)

NA NA NA NA

>6 −18 671 (−115 297 to
60 878)

2.367 (1.01 to
3.96)

−7888
(dominant)

255 379 (104 956 to
429 484)

NA NA NA NA

(continued)
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We performed a probabilistic sensitivity analysis (PSA) in Excel to assess how parameter
uncertainty affected the cost-effectiveness results. In this process, we assigned a distribution to each
parameter according to the level of uncertainty regarding its deterministic value. A random value was
drawn from each distribution, and the set of drawn values was used to calculate the results of
interest. This process was repeated in 2000 simulations to generate 2000 estimates of the costs
and QALYs for each strategy. The proportion of simulations when MT with SMC had a higher net
monetary benefit (NMB) than SMC alone was calculated for different values of the willingness-to-pay
(WTP) threshold for a QALY. The results were described using cost-effectiveness acceptability
curves, in which each curve represented the probability that MT with SMC was cost-effective
compared with SMC alone at different WTP thresholds.

Results

In the DAWN study, the MT group had a mean (SD) age of 69.4 (14.1) years and 42 of 107 (39.3%)
were men, and the control group had a mean (SD) age of 70.7 (13.2) years and 51 of 99 (51.5%) were
men. In the DEFUSE 3 study, the MT group had a median (interquartile range) age of 70 (59-79)
years, and 46 of 92 (50.0%) were men, and the control group had a median (interquartile range) age
of 71 (59-80) years, and 44 of 90 (48.9%) were men.

Table 2 shows the base-case cost-effectiveness results of MT with SMC vs SMC alone per trial
inputs. Based on the total population from either trial, MT with SMC generated higher costs and more
QALYs compared with SMC alone. The resulting incremental cost-effectiveness ratios (ICERs) were
$662/QALY and $13 877/QALY based on the DAWN and DEFUSE 3 trial inputs, respectively. The
incremental costs and QALYs for the total populations and all subgroups are plotted in eFigure 1 in the
Supplement. In all subgroups, MT with SMC led to better health outcomes than SMC alone. In 8 of 18
DAWN subgroups (44.4%), MT with SMC was cost saving and more effective (ie, dominant)
compared with SMC alone. Based on the DEFUSE 3 trial results, $3555 was the minimum cost to gain
1 QALY and was observed in patients with baseline NIHSS scores of less than 16. The maximum cost
to gain 1 QALY was $19 994, based on the DAWN results and observed for patients older than 80
years and those in clinical infarct mismatch group A. Based on the DEFUSE 3 results, the maximum
cost to gain 1 QALY was $42 635 for patients with baseline NIHSS score of 16 or greater (Table 1).

Table 2. Expected Values of Cost-effectiveness of Mechanical Thrombectomy With Standard Medical Care vs Standard Medical Care Alone per Patient
with Acute Ischemic Stroke Stratified by Subgroup in the Base Case (continued)

Subgroups
according to
criteria

DAWN DEFUSE 3

Incremental costs
(95% CI), $

Incremental QALY
(95% CI)

ICER
($/QALY)

Incremental NMB
(95% CI), $a

Incremental costs
(95% CI), $

Incremental QALY
(95% CI)

ICER
($/QALY)

NMB
(95% CI), $a

Trial eligibility
criteria

Not DAWN
eligible

NA NA NA NA 46 853 (−34 763 to
119 181)

1.972 (0.577 to
3.602)

23 763 150 317 (−4487 to
326 266)

DAWN
eligible

NA NA NA NA 11 420 (−59 575 to
68 490)

1.589 (0.622 to
2.778)

7186 147 497 (36 712 to
282 645)

Abbreviations: ICA, internal carotid artery; ICER, incremental cost-effectiveness ratio;
MCA, middle cerebral artery; NA, not applicable; NIHSS, National Institutes of Health
Stroke Scale; NMB, net monetary benefit; QALY, quality-adjusted life-year.
a NMB set at a willingness-to-pay threshold of $100 000/QALY.
b Time from stroke onset to randomization. Data from the DAWN trial were used to

estimate the cost-effectiveness of mechanical thrombectomy with standard medical
care vs standard medical care alone. These results are presented for patients treated
between 6 and 24 hours, between 6 and 12 hours, and between 12 and 24 hours from
stroke onset. Data from the DEFUSE 3 trial were used to estimate the cost-
effectiveness of mechanical thrombectomy with standard medical care vs standard
medical care alone for patients treated between 6 and 16 hours, between 6 and 11

hours, and between 11 and 16 hours from stroke onset. The same logic applies to the
other subgroups per trial defined according to the different criteria presented in the
first column.

c Clinical infarct mismatch indicates a mismatch between the severity of the clinical
deficit and the infarct volume defined according to the following groups: A, aged 80
years and older, NIHSS score of at least 10, and infarct volume of less than 21 mL; B,
younger than 80 years, NIHSS score of at least 10, and infarct volume of less than 31
mL; C, younger than 80 years, NIHSS score of at least 20, and infarct volume between
31 and 51 mL.

d Time of symptom first observed to randomization.
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Figure 2 presents the results of the deterministic 1-way sensitivity analysis based on the DAWN
inputs. The ICER is particularly sensitive to the cost of MT. Additionally, an increase in the long-term
cost of mRS 4 and 5 led to a more favorable ICER. The same analysis based on the DEFUSE 3 inputs
led to similar results (eFigure 2 in the Supplement).

The uncertainty surrounding the base-case estimates for the total population per trial is shown
in Figure 3A. The PSA demonstrated that MT with SMC had either a 100% (based on the DAWN
results) or a 99.9% (based on the DEFUSE 3 results) probability of being cost-effective at the WTP
threshold of $100 000 per QALY. At a threshold of $50 000 per QALY, the probability of MT with
SMC to be cost-effective was 100% and 97.5% based on the DAWN and DEFUSE 3 results,
respectively. Scatter plots of incremental costs and incremental QALYs for all subgroups per trial can
be found in eTable 5 in the Supplement.

Figure 3B shows the probability that MT with SMC is cost-effective at different WTP thresholds
for a QALY for the total populations and the 3 subgroups characterized by the most extreme results.
At the threshold of $100 000/QALY, the probability for MT with SMC to be cost-effective was among
the 2 lowest for patients aged 80 years or older (DEFUSE 3) (83.3%). At this threshold, the lowest
probability (79.8%) was observed for patients with a middle cerebral artery M2 occlusion (DAWN),

Figure 2. One-way Sensitivity Analysis Based on the DAWN Inputs
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Cost of recurrence in MT+SMC
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mRS 5

Utilities                                        
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1.0-1.2
1.0-1.2
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1.5-4.0

0.80-1.00
0.80-0.95
0.68-0.90
0.45-0.65
0.10-0.40
0-0.32

Upper bound

Lower bound

Parameters

Deterministic 1-way sensitivity analysis of model input parameters grouped by categories
based on the DAWN inputs. The plot shows how varying input parameters to the limits
reported, 1 at a time, affects the incremental cost-effectiveness ratio (ICER), while
keeping all the other model input parameters at their base-case value. The orange bars
represent how the lower bounds affect the ICER, and the blue bars represent how the
upper bounds affect the ICER. The lengths of the bars reveals the degree of influence
that 1 input parameter has on the ICER compared with the base-case ICER of $662 per

quality-adjusted life-years. Low and high efficacy of mechanical thrombectomy with
standard medical care (MT+SMC) was defined by the following distribution of patients on
the modified Rankin Scale (mRS) at 3 months: low efficacy, mRS 0, 7%; mRS 1, 20%; mRS
2, 15%; mrS 3, 14%; mRS 4, 14.5%; mRS 5, 11.5%; and mRS 6, 18%; high efficacy, mRS 0,
10%; mRS 1, 23%; mRS 2, 18%; mRS 3, 13%; mRS 4, 12%; mRS 5, 9%; and mRS 6, 15%. CT
indicates computed tomography; CTA, CT angiography; IV-tPA, intravenous tissue
plasminogen activator; MRA, magnetic resonance angiography; and MRI, MR imaging.
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but given the small sample size for this group, its curve is reported only in eFigure 3 in the
Supplement. At $50 000/QALY, the probability for MT with SMC to be cost-effective was less than
60% for patients with a baseline NIHSS score of 16 or greater in the DEFUSE 3 trial. At a low or no
WTP for a QALY, the probability of MT with SMC being cost-effective was the highest among patients
younger than 80 years (DAWN). eFigure 3 in the Supplement presents the consolidated results for
all groups and subgroups.

Discussion

Our main finding was that MT with SMC, compared with SMC alone, for patients with AIS and anterior
large vessel occlusion in the late window is cost-effective in the United States. We performed

Figure 3. Monte Carlo Simulations of Incremental Cost and Incremental Quality-Adjusted Life-Years (QALY)
of Mechanical Thrombectomy With Standard Medical Care for the Full Population
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model-based cost-effectiveness analyses of MT with SMC compared with SMC alone based on the
DAWN and DEFUSE 3 trial results and found that MT with SMC met conventional standards for cost-
effectiveness in all subgroups. Based on the American College of Cardiology and American Heart
Association (ACC/AHA) policy statement defining cost-effectiveness levels to inform value-based
policies, ICERs below $50 000/QALY suggest high-value care, while ICERs between $50 000/QALY
and $150 000 suggest intermediate value.25 All the point estimates in the various subgroups suggest
that MT with SMC provides high-value care (per the ACC/AHA standard) compared with SMC alone.
The PSA results indicated that the minimum probability for MT with SMC to be cost-effective was
approximately 80% at a threshold of $100 000/QALY across subgroups. Increased uncertainty
regarding whether MT with SMC was cost-effective at $50 000/QALY appeared among patients with
NIHSS scores of 16 or greater in the DEFUSE 3 trial and patients aged 80 years and older in both trials.

Our findings are consistent with previous studies but also push the boundary of knowledge
regarding the cost-effectiveness of late MT. Kunz et al14 performed a model-based cost-effectiveness
analysis of MT with SMC vs SMC in the early treatment window. Their calculated ICER ($3110/QALY)
was similar to our findings in the late treatment window ($662/QALY and $13 877/QALY for the
DAWN and DEFUSE 3 trials, respectively). Although their analysis was limited by the number of
subgroups, their results were robust in most patient profiles. In another analysis in the early window,
Kunz et al26 found that MT with SMC was cost-effective in all age groups analyzed (ie, 50-100 years
at stroke onset), with increased cost-effectiveness observed in younger patients, which is also
consistent with our findings. In contrast, Pizzo et al27 and Peultier et al28 demonstrated that MT with
SMC vs SMC alone was cost-effective in the late window in the United Kingdom. However, by
targeting the UK market, their studies may not be generalizable to the US cost structure and did not
include subgroups.

Given that they demonstrated the cost-effectiveness of MT across all clinical subgroups, our
findings have latent policy and clinical implications. Acute stroke treatment guidelines and quality
measures should focus on increasing access to MT for all eligible US patients rather than on tailoring
policies that prioritize specific subgroups. Specifically, policies are needed to improve stroke
recognition and transportation to comprehensive stroke centers (providing MT) in light of the cost-
effectiveness of MT, which does not depreciate significantly by stroke severity or age. Should
additional MT trials be conducted, our results suggest potential value in reducing the uncertainty
regarding the cost-effectiveness of MT in certain subgroups (ie, patients with NIHSS scores of 16 or
greater and those aged 80 years and older). However, this is only important to improve the certainty
that MT represents high-value care (ie, ICER <$50 000/QALY), as opposed to MT being cost-
effective at the conventional thresholds of $100 000/QALY to $150 000/QALY used in the
United States.29

Beyond the cost-effectiveness considerations, the evidence regarding the clinical effectiveness
of MT in the extended time window presents challenges for fast and widespread implementation.
Complex and transversal care by ambulance or air and personnel in emergency, neurology, radiology,
and neuro-intervention might sometimes be limited and might not guarantee access to MT for all
eligible patients. Local and national policies to increase staffing in these professions may be
necessary to meet this burgeoning clinical demand. Another short-term way to address potential
critical limitations might be to prioritize the delivery of MT according to the degree and certainty of
cost-effectiveness per patient subgroup.

Finally, in a country characterized by regions with low population density and large medically
underserved areas and many individuals at increased risk of cardiovascular diseases, the delivery of
MT in the late window might face organizational challenges.30 Access to MT for remote patients will
probably require more investments in systems such as telemedicine and infrastructures both within
and between states. Given that air transportation of patients will decrease time to treatment but
increase costs, the optimal organization of stroke care will need to be investigated.
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Limitations
This study has limitations. First, our analyses are limited by the sample sizes of each subgroup
included in the trials. However, we included sample size when estimating the probability of cost-
effectiveness and found that there was a high probability that MT with SMC was cost-effective for
most subgroups. Second, our analyses were limited by the selections of subgroups reported in the
DAWN and DEFUSE 3 trial results. Thus, it is possible that MT with SMC might not be cost-effective in
other subgroups. Third, while the DAWN trial included patients from multiple countries, we
performed our analyses for the US setting. However, the DEFUSE 3 trial was restricted to 38 stroke
centers in the United States, and our findings did not substantially differ between the 2 trials. Fourth,
the quality-of-life estimates that we used were obtained from a study from 1998. However, these
estimates have been used in recent studies. Fifth, although the cost of acquisition of software was
included, it is important to highlight that this cost will depend on the number of patients diagnosed
per facility per year. Further research might be needed to assess the cost-effectiveness of MT in the
extended window at hospital level. Sixth, given the specifics (including the high costs) of the health
care system in the United States, these results are not generalizable to other health care settings,
where late MT might be more or less cost-effective.

Conclusions

In conclusion, MT with SMC was generally cost-effective in all the subgroups evaluated in the DAWN
and DEFUSE 3 trials. Future MT evidence-gathering is needed with a focus on older ages (ie, �80
years) and NIHSS scores of 16 and higher to reduce the uncertainties regarding these findings. More
attention should be placed on increasing access to MT rather than on developing subgroup specific
guidelines, unless workforce and budget constraints require prioritization.
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