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Abstract

Background and Purpose—Clinical trials have demonstrated improved 90-day outcomes for
patients with acute ischemic stroke treated with stent retriever thrombectomy plus tissue-type
plasminogen activator (SST+tPA) compared with tPA. Previous studies suggested that this strategy
may be cost-effective, but models were derived from pooled data and older assumptions.

Methods—In this prospective economic substudy conducted alongside the SWIFT-PRIME trial
(Solitaire With the Intention for Thrombectomy as Primary Endovascular Treatment for Acute
Ischemic Stroke), in-trial costs were measured for patients using detailed medical resource
utilization and hospital billing data. Utility weights were assessed at 30 and 90 days using the
EuroQol-5 dimension questionnaire. Post-trial costs and life-expectancy were estimated for each
surviving patient using a model based on trial data and inputs derived from a contemporary cohort
of ischemic stroke survivors.

Results—Index hospitalization costs were $17 183 per patient higher for SST+tPA than for tPA
($45 761 versus $28 578; P<0.001), driven by initial procedure costs. Between discharge and 90
days, costs were $4904 per patient lower for SST+tPA than for tPA ($11 270 versus $16 174;
P=0.014); total 90-day costs remained higher with SST+tPA ($57 031 versus $44 752; £<0.001).
Higher utility values for SST+tPA led to higher in-trial quality-adjusted life years (0.131 versus
0.105; P=0.005). In lifetime projections, SST+tPA was associated with substantial gains in quality-
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adjusted life years (6.79 versus 5.05), cost savings of $23 203 per patient and was economically
dominant when compared with tPA in 90% of bootstrap replicates.

Conclusions—Among patients with acute ischemic stroke enrolled in the SWIFT-PRIME trial,
SST increased initial treatment costs, but was projected to improve quality-adjusted life-
expectancy and reduce healthcare costs over a lifetime horizon compared with tPA.

Keywords
quality-adjusted life years; stents; stroke; thrombectomy; tissue-type plasminogen activator

Each year, >530 000 individuals have a first acute ischemic stroke, and an additional 160
950 have a recurrent ischemic stroke in the United States.> Although initial hospitalization
costs can range from $8000 to $41 000,23 long-term disability among surviving patients
raises the estimated economic burden to >$33 billion/y in the United States.! Recent
progress toward reducing the long-term impact of acute ischemic stroke caused by large-
vessel occlusion through improved new-generation stent retrievers has the potential to lessen
the economic impact of acute ischemic stroke by reducing nursing home and other types of
custodial care.l

Five international, randomized clinical trials have established clear superiority of mechanical
thrombectomy when combined with intravenous tissue-type plasminogen activator (tPA) as
compared with intravenous tPA alone.*8 These newer devices have vastly improved the
frequency with which substantial reperfusion is achieved and the speed of reperfusion,
resulting in more salvaged tissue and less intracranial hemorrhage, and consequently better
functional outcomes post-stroke.*8 Pooled data from these trials have demonstrated that
combining thrombectomy with tPA results in an ~70% relative and 19% absolute increase in
the proportion of patients who achieve functional independence 90 days after their stroke.®

Two published cost-utility analyses!?-1! have reported that incremental cost-effectiveness
ratios (ICER) for stent retriever thrombectomy (SST)+tPA versus tPA as <$50 000 per
quality-adjusted life-year (QALY) gained, a commonly accepted threshold in the United
States healthcare system.12 These studies used decision analytic models applied to short-
term trial results and relied heavily on cost, quality of life, and survival projections derived
from previous studies—some of which are ~20 years old. Whether these studies reflect the
true value of neurothrombectomy in contemporary practice is thus unknown.

To produce more reliable and contemporary estimates of long-term costs and outcomes, we
performed a prospective economic substudy alongside the SWIFT-PRIME trial. In this
study, we captured detailed, patient-level cost, quality of life, disability, and survival data for
each participant over the 90-day study period and combined these empirical data with
updated estimates of survival and cost from a separate cohort of stroke survivors to examine
the cost-effectiveness of SST in combination with tPA in current practice.
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Methods

Study Design and Patient Population

SWIFT-PRIME was a randomized controlled trial that compared the safety and effectiveness
of the Solitaire Revascularization Device SST plus tPA (SST+tPA) versus tPA alone for
treatment of patients with acute ischemic stroke because of large-vessel anterior circulation
occlusion presenting within 6 hours of symptom onset.813 The planned study enrollment
was terminated early because of achievement of prespecified outcomes, and the primary
results of the study have been described previously.8 The study was approved by each
participating site’s institutional review board. Patients provided written, informed consent
except at select sites where informed consent was waived for emergency treatment.

Analytic Overview

We evaluated the cost-effectiveness from the perspective of the US healthcare system. The
primary analysis was performed on the modified intention-to-treat population, which was
defined as randomized patients who provided data for the index hospitalization. Patients who
withdrew from the study immediately after treatment assignment (eg, initial treatment costs
were unavailable) were excluded. Patients were analyzed according to their assigned
treatment.

Detailed resource utilization data, hospital billing data, and patient reported quality of life
data were collected for patients from the time of randomization through 90-day follow-up.
These data were used to calculate direct healthcare costs and quality-adjusted life-
expectancy during the initial 90-day period. The observed data were then used to project
patient-level survival, quality-adjusted life-expectancy, and costs over a lifetime horizon.
Lifetime cost-effectiveness was estimated in terms of cost per quality-adjusted year of life
gained and cost per year of life gained. Costs are presented in 2015 US dollars, and future
costs and benefits were discounted at 3% per year consistent with the current guidelines.14

Index Procedure and Hospitalization Costs

Costs for the initial thrombectomy procedures and hospital stays were determined using a
combination of hospital billing data (itemized charges and UB-04 summary bills) and
resource-based accounting methods, as described previously.1® Procedural costs for
neurovascular interventional procedures were calculated by multiplying counts of resource
use, as recorded by the study sites, by unit costs derived from a survey of 3 study sites. The
acquisition cost of the Solitaire device was set at $6862, based on information provided by
the manufacturer. Ancillary costs for the neurointerventional suite (including overhead,
nonphysician personnel, and general supplies) were estimated based on the cost of
mechanical thrombectomy procedures performed at Saint Luke’s Mid America
Neuroscience Institute and adjusted for measured procedural room time.

All other costs for each index admission were calculated from hospital bills, when available
(n=89) by multiplying nonprocedural charges by cost-center specific cost:charge ratios
obtained from each center’s Medicare cost report. When billing data were not available
(n=40 US patients and 61 non-US patients), these costs were estimated based on a regression
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model derived from patients with available billing data (/2=0.64). Because hospital lengths
of stay were longer for non-US participants, their lengths of stays were adjusted to US levels
based on a regression model that included country, treatment group, and 7-day modified
Rankin Scale (mRS) data from trial participants.

Follow-Up Resource Utilization and Costs

At 30- and 90-day follow-up visits, trial participants were formally queried about their use
of post-hospital resources including repeat hospitalizations, rehabilitation services (inpatient,
outpatient, and home), skilled nursing facility admissions, emergency room visits, physician
visits, home health care, and outpatient assessments. Each hospitalization was mapped to a
Medicare severity-adjusted diagnosis-related group by a trained coder blinded to treatment
assignment. For each hospitalization, costs were assigned either using hospital billing data
(with conversion of charges to costs as previously described) or by applying national average
Medicare reimbursement rates when billing data were not available.

Physician Fees

Physician fees for the initial procedure were based on the current Medicare fee schedule for
the specific procedures performed. In addition, fees for anesthesiology were also included
where appropriate. Fees for daily care were assigned for the index hospitalization on the
basis of measured intensive care unit and non—intensive care unit length of stay. For follow-
up readmissions, we assumed physician fees would be equal to 20% of the hospital costs for
each admission.16

Long-Term Costs

For each patient who survived to 90 days, post-trial costs were estimated on the basis of data
from a separate but contemporary cohort of patients with stroke. This cohort consisted of
958 patients with acute stroke from 2 US centers whose events occurred between 2010 and
2014 and who had valid 90-day mRS assessments. To project long-term survival and costs
for each patient, each patient was linked to data from the National Death Index, and each
patient with Medicare coverage (n=429) was linked with claims from the CMS data
warehouse. Patient characteristics including 90-day disability levels according to the mRS
for the external cohorts linked to the National Death Index, and CMS data are included in
Table I in the online-only Data Supplement. Medicare payments from inpatient and
outpatient claims extending from day 91 after the index hospitalization until death or
censoring were summed and divided by the period of observation to create monthly averages
for patients with mild disability (mRS, 0-2: $875 per month) and moderate to severe
disability (mRS, 3-5: $957 per month). For each trial participant who survived 90 days,
monthly costs beyond the trial were assigned based on his or her observed 90-day mRS.
Future nursing home costs for surviving trial patients were estimated based on the
proportion of all study participants who were nursing home residents at 90-day follow-up,
stratified by mRS. We assumed that those still residing in a skilled nursing facility or
inpatient rehabilitation facility on day 90 would remain in a long-term care setting for the
remainder of their lives.1” Nursing home cost per day was set at $168, the average of daily
rates from three state Medicaid programs for 2015 (Illinois, Texas, and Florida). Annualized
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follow-up costs for surviving patients according to 90-day mRS are summarized in Table Il
in the online-only Data Supplement.

Life-Expectancy Estimation

For patients who survived the 90-day trial period, life-expectancy beyond the trial was
projected using a Markov disease simulation model. In this model, each surviving patient
was assumed to face a monthly risk of death, with estimates of this risk based on age and
sex-matched risks of death obtained from US life-tables, calibrated to match survival for
patients with acute ischemic stroke, and adjusted to reflect the patient’s 90-day mRS level.
Because long-term follow-up was not available for the trial population, calibration to the
stroke population was based on the 2-center stroke cohort described above. For each patient
in the 2-center stroke cohort, long-term mortality was determined from the National Death
Index. We then estimated the 4-year mortality of stroke survivors with minimal disability
(mRS, 0-2) and compared this with expected 4-year mortality for age- and sex-matched
members of the US population. The ratio of these 2 mortality estimates (1.88) was then used
as a multiplicative calibration factor to adjust life-table—based mortality probabilities for the
trial participants to reflect the underlying excess mortality for patients with previous stroke
and minimal disability.

The relative mortality hazard associated with increasing levels of residual disability
(compared with the mRS 0-2 subgroup) was then estimated from the external stroke cohort
using a Cox proportional hazards model adjusting for age, sex, and baseline comorbidities.
The resulting hazard ratios were 2.05 (95% confidence interval [C1], 1.40-3.01) and 4.48
(95% Cl, 2.84-7.06) for mRS scores of 3 to 4 and 5, respectively. Patient-level survival
beyond the 90-day study period was then projected using the life-tables, calibration factor,
and mRS adjustment factors. These methods are analogous to those that have been used
previously for estimation of life-expectancy in clinical trials of coronary artery bypass
grafting versus percutaneous coronary interventionl8 and transcatheter aortic valve
replacement.19

Quality-Adjusted Life-Expectancy

The EuroQol-5 dimension 5 level health status instrument was used to assess quality of life
for each study participant at 30 and 90 days poststroke. EuroQol-5 dimension responses
were mapped to health state utility weights (range, 0-1, higher values indicating better
health) using a scoring algorithm for the US population.2% Within-trial quality-adjusted life-
expectancy was calculated for each patient as the time-weighted average of his or her utility
values, assuming that any transitions occurred at the midpoint between assessments.
Because baseline utility weights were not obtained from trial participants, these values were
imputed based on a statistical model regressing the 30-day EuroQol-5 dimension—derived
utilities on age, sex, and the National Institutes of Health Stroke Scale at 30 days. Mean 90-
day utility values for each level of mRS were applied for lifetime projection.

Statistical Analysis

Categorical data are reported as frequencies and continuous variable are reported as means
and SDs. Categorical data were compared with x 2 tests or the Fisher exact test, as
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appropriate. Normally distributed continuous variables were compared using Student #test,
whereas non-normally distributed data were compared using Wilcoxon rank-sum tests. In-
trial cost data are reported as mean values and compared using 2-sample Student ftests. A
F<0.05 was considered statistically significant for all comparisons. All analyses were
performed using SAS 9.3 (SAS Institute, Cary, NC).

ICERs were calculated as the difference in mean discounted lifetime costs divided by the
difference in mean discounted life-expectancy or quality-adjusted life-expectancy. Bootstrap
resampling was used to assess the joint distribution of lifetime cost and survival differences
(along with their associated 95% Cls) and to graphically represent the joint uncertainty in
these parameters on the cost-effectiveness plane. We also used this approach to generate
cost-effectiveness acceptability curves, which demonstrate the probability that SST+tPA is
economically attractive compared with tPA alone over a range of cost-effectiveness
thresholds.

Sensitivity and Subgroup Analyses

Results

Lifetime cost-effectiveness results were estimated separately for several subgroups of
clinical interest including sex, baseline age (<65, 65-75, and >75 years), baseline National
Institutes of Health Stroke Scale (stratified at the median) time from symptom onset to
randomization (stratified at the median) and enrolling country (US versus other). Sensitivity
analyses were performed using previously published data for long-term costs!!; excluding
nursing home costs; excluding all long-term costs; using previously published disability-
adjusted life-year utility weights2!; and using a range of alternative mortality calibration
factors to simulate populations with lower and higher long-term mortality than was observed
in the 2-center stroke cohort.

Patient Population

There were 196 patients with acute ischemic stroke and occlusion of a major anterior
circulation artery randomized to SST+tPA (n=98) or tPA (n=98). The analytic population for
the economic substudy included 190 patients who had utilization/cost data (96 SST+tPA and
92 intravenous tPA). There were no significant differences between treatment arms with
respect to baseline characteristics (Table I11 in the online-only Data Supplement).

Initial Treatment Cost

Of the 98 patients randomized to SST+tPA, 97 underwent an attempted thrombectomy
procedure. Resource utilization for these 97 procedures is summarized in Table IV in the
online-only Data Supplement. The mean cost of the stent retrievers was $7852 per
procedure, and other devices cost $3,814 per procedure. After including other costs
(including nonphysician personnel and room overhead), mean procedural cost was $14
753+5022 (median $13 679; interquartile range, $12 028-$18 153).

Resource utilization and costs for the index hospitalization are summarized in Table 1.
Length of stay was similar for the 2 groups as was intensive care unit length of stay. As a
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result, total nonprocedural hospital costs were also similar for the stent retriever and
intravenous tPA-alone groups ($28 605+16 566 [median, $21 095] versus $27 320+14 326
[median $23 571]; P=0.549). On the contrary, physician costs were higher for the stent
retriever group ($2517+695 [median, $2388] versus ($1258+497 [median, $1147])—driven
primarily by the physician fees for the thrombectomy procedure. Altogether, initial
hospitalization costs were ~$17 000 per patient higher for the stent retriever group than for
the intravenous tPA-alone group ($45 761+18 401 [median, $39 825] versus $28 578+14
783 [median, $24 917]; A<0.001).

Follow-up Resource Utilization and Costs

Resource utilization and medical care costs between hospital discharge and 90 days are also
summarized in Table 1. There were no significant differences in the proportion of patients
who were rehospitalized between the 2 groups. However, patients treated with SST+tPA
were less likely to require admission to an inpatient rehabilitation hospital or skilled nursing
facility (55.1% versus 70.7%; P=0.03) during the 90-day follow-up period). Total follow-up
costs were ~$5000 per patient lower in the SST+tPA group ($11 270+12 921 versus $16
174+14 566; P=0.014)—driven mainly by differences in costs for inpatient rehabilitation
and nursing home days. These savings were insufficient to fully offset the higher initial cost
of SST, and total 90-day costs remained ~$10 000 per patient higher for SST+tPA than for
tPA ($57 031+24 570 [median, $52 268] versus $44 752+22 929 [median, $39 656];
£<0.001).

Utility Weights and QALYs

Utility weights by treatment group are shown in Figure 1. Mean utility values were similar at
baseline but were significantly higher for SST+tPA at 30 days (0.662+0.292 versus
0.518+0.326; P=0.004) and 90 days (0.712+0.248 versus 0.611+0.301; A=0.019). As a
result, total in-trial QALY's were higher for SST+tPA as well (0.131+0.062 versus
0.105+0.063; ~P=0.005).

Lifetime Projections

Over the lifetime horizon, we estimated an undiscounted life-expectancy of 11.76 years
(95% Cl, 10.83-12.63) for SST+tPA and 10.02 years (95% CI, 9.00-10.95) for tPA (Figure |
in the online-only Data Supplement). After discounting, these values decreased to 9.13 and
7.92 years, respectively.

Turing to the lifetime cost-effectiveness analyses (Table 2), in the base case scenario (row 1),
projected lifetime costs were lower for SST+tPA than for tPA ($215 781 versus $238 984;
difference, -$23 203; 95% ClI, $56 946 less to $12 933 more), and lifetime QALY were
higher (6.789 versus 5.046; difference, 1.743; 95% CI, 0.760-2.786). Under our base case
assumptions, SST+tPA was projected to be an economically dominant treatment strategy (ie,
providing both improved health outcomes and long-term cost savings) compared with tPA.
SST+tPA remained economically dominant in 90.0% of bootstrap replicates, and the ICER
was <$50 000 per QALY gained in 100% of replicates (Figure 2; Figure Il in the online-only
Data Supplement). When outcomes were assessed in life-years (Table 2, row 2), SST+PA
was projected to increase life-expectancy by 1.208 years (95% Cl, 0.287-2.168) and was
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economically dominant in 89.5% of the bootstrap replicates and cost-effective at a threshold
of $50 000/life-year gained in 99.6% of the replicates. When we varied the duration of
follow-up, we found that projected costs for SST+tPA became less than those for the tPA
group at 22 months (Figure 3).

Sensitivity and Subgroup Analyses

The lifetime cost-effectiveness results were robust across a wide range of alternative
assumptions (Table 2). When we used historical estimates of long-term costs instead of our
empirically derived costs,1! projected lifetime costs decreased to $135 876 for SST and $127
368 for tPA alone. Although SST+tPA was no longer economically dominant in this
scenario, the ICER remained highly favorable at $4881 per QALY gained and was <$50 000
per QALY gained in 99.9% of bootstrap replicates. Exclusion of long-term costs (after day
90) led to an ICER of $7044 per QALY gained that remained <$50 000 per QALY gained in
99.8% of replicates. Substitution of utility weights based on disability-adjusted life-years led
to a larger gain in QALYs (or disability-adjusted life-years) but did not alter the fundamental
results of the study. Finally, when we varied the mortality calibration factor from 1.0 in our
base case to 5.0 (to reflect a population with more comorbid conditions and thus higher
annual mortality compared with the trial population), the projected QALY gain with SST
+tPA decreased to 1.436; nonetheless, SST+tPA remained economically dominant in 80.6%
of replicates and cost-effective at a threshold of $50 000 per QALY in 100%.

The results of prespecified subgroup analyses are summarized in Table V in the online-only
Data Supplement. In general, the results of these stratified analyses demonstrated that SST
+tPA was an economically dominant treatment strategy, similar to those for the overall trial.
The only exception to this finding was for the oldest cohort (age >75 years), projected
lifetime costs were higher with SST+tPA. Nonetheless, even in this subgroup, SST+tPA was
projected to be economically attractive with an ICER of $22,801 per QALY gained and
82.2% of bootstrap replicates <$50 000 per QALY.

Discussion

This study represents the first prospectively designed economic analysis of SST+PA
compared with tPA in patients with an acute ischemic stroke because of large-vessel
occlusion. Using empirical data derived from patients in the SWIFT-PRIME trial, we found
that SST+tPA was associated with an increase in initial hospital costs of ~$17 000 per
patient compared with tPA alone, driven almost entirely by the cost of the thrombectomy
procedure. Over the ensuing 90 days, medical care costs were nearly $5000 per patient less
for the stent retriever group, owing to significant reductions in rehospitalization and
rehabilitation-related costs. Although total 90-day costs remained ~$12 000 per patient
higher for the stent retriever group, lifetime projections (based on the observed health status
of surviving patients and contemporary data relating levels of poststroke disability to long-
term costs and survival) demonstrated that SST+tPA was associated with cost savings of >
$23 000 per patient and gains in life-expectancy and quality-adjusted life-expectancy (1.2
and 1.7 years, respectively). As a result, SST+tPA was projected to be an economically
dominant treatment strategy, leading to both significant long-term cost savings and health
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benefits compared with tPA. Although there was some uncertainty around these estimates,
bootstrap replication demonstrated that under our base case assumptions, the probability that
SST+tPA is economically dominant is 90%, and there is virtual certainty that the ICER is <
$50 000 per QALY gained—a threshold that is considered to be highly cost-effective within
the US healthcare system.12

These results were generally consistent over a broad range of subgroup and sensitivity
analyses. Although the results of subgroup analyses were less certain owing to smaller
sample sizes, SST+tPA remained economically dominant in all subgroups tested with the
exception of patients aged >75 years. Nonetheless, even in this least favorable subgroup, the
ICER for SST+tPA was ~$22 000 per QALY and remained <$50 000 per QALY in >80% of
bootstrap replicates. Thus, it seems that for patients similar to those enrolled in the SWIFT-
PRIME trial, SST+tPA is highly cost-effective regardless of other patient characteristics. In
sensitivity analyses, our results were mainly sensitive to alternative assumptions on long-
term costs after stroke. For example, exclusion of nursing home costs (a major contributor to
the costs attributable to stroke-related disability) led to much lower cost offsets such that
SST+tPA was no longer cost saving over a lifetime horizon. Nonetheless, given the
substantial projected gains in life-expectancy and quality-adjusted life-expectancy, SST+tPA
remained a highly cost-effective strategy in this scenario.

One of the most striking aspects of the results was the impact of long-term projections on
the economic and clinical value of SST+tPA in acute ischemic stroke. During the 90-day
trial period, SST+tPA was associated with net costs of ~$12 000 and a gain of 0.026
QALYSs, with an ICER of $472 000 per QALY gained. Had we restricted our analysis to the
duration of the trial, we would have concluded that SST+tPA was an economically
unattractive treatment strategy. However, when we used long-term data on contemporary
stroke survivors to project the benefits of this strategy over a lifetime horizon, the
differences in residual disability at 90 days translated into much larger gains in QALY and
substantial lifetime cost savings. These results demonstrate the importance of considering a
long-term perspective when evaluating treatments that provide important gains in survival or
durable quality of life improvements.

Comparison With Previous Studies

Several previous studies have used a modeling approach to estimate the cost-effectiveness of
SST-+tPA in acute ischemic stroke. Leppert et al! used data from the MR CLEAN
(Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic
Stroke in the Netherlands) to model the lifetime cost-effectiveness of intra-arterial therapy
(including intra-arterial thrombolytic therapy and mechanical thrombectomy) as an adjunct
to tPA for treatment of acute ischemic stroke because of large-vessel occlusion in the
anterior cerebral circulation. They found that compared with tPA, adjunctive intra-arterial
therapy led to a 0.7-year gain in QALY at an incremental cost of ~$9911 per patient,
yielding an ICER of $14 137 per QALY gained. More recently, Ganesalingam et al® used
pooled outcomes data from 5 randomized clinical trials to evaluate the cost-effectiveness of
SST+tPA in patients with acute ischemic stroke from the perspective of the UK National
Health Service. They found that over a 20-year time horizon, SST+tPA was associated with
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an incremental cost of £7431 ($12 262) per patient and a gain of 1.05 QALYSs, with a highly
favorable ICER of £7061 ($11 651) per QALY gained.

Although all 3 studies have found that intra-arterial therapy for acute ischemic stroke
(generally with stent retrievers) is highly cost-effective, ours is the first to demonstrate that
this approach may be economically dominant. There are several important reasons for these
differences. First, our study used individual patient-level data from the SWIFT-PRIME trial
as the basis for estimates of 90-day cost and effectiveness, whereas the other studies used
either pooled data from a single trial (MR CLEAN) or multiple trials, each of which had
subtle differences in inclusion/exclusion criteria and treatment algorithms. Use of individual,
patient-level data has the advantage of allowing the analytic protocol to be prespecified and
also to properly capture the correlation between patient characteristics, costs, and outcomes
that cannot be fully captured in decision-analytic models that are typically analyzed at the
cohort level.

More importantly, however, ours is the first study to use contemporary epidemiological data
as the source for long-term survival and cost estimates after stroke. Both of the previous
studies have relied heavily on published data, much of which was derived from small
epidemiological studies and models developed in the mid-1990s.22-27 Even after conversion
to 2012 dollars, however, these historical cost estimates were >50% lower than our
estimates, which were based on contemporary Medicare data. Indeed, substitution of the
historical cost data for our base case values led to results that were similar to both previous
studies—a modest increase in long-term costs with an ICER of ~$5000 per QALY gained.
Our poststroke life-expectancy estimates were also significantly greater than those in the 2
previous studies and likely reflect general improvements in poststroke care and survival that
have occurred over the past 20 years. Of note, projected quality-adjusted life-expectancy
with tPA in our study (6.8 QALYs) was similar to that estimated by Hong and Saver?! in a
study based on patients enrolled in clinical trials of thrombolytic therapy for acute ischemic
stroke (6.8 QALY versus 5.9 disability-adjusted life years).

This study should be considered in light of several limitations. Because SWIFT-PRIME was
terminated early because of loss of equipoise and overwhelming efficacy, the sample size
available for analyzing in-trial resource use, utilities, and mRS was smaller than originally
planned. Nevertheless, there was sufficient power to demonstrate statistical significance for
many key resources and cost measures. Second, our analysis was conducted from a US
healthcare perspective although SWIFT-PRIME was an international trial. To address these
issues, costs associated with the index procedures were developed from detailed resource use
data that would not be expected to differ by country. Moreover, hospital length of stay and
its associated costs were adjusted to US levels based on observed clinical outcomes; this
approach effectively assumes that clinical outcomes with respect to stroke severity,
complications, and the relative benefit of SST+tPA are consistent across healthcare systems.
In support of this assumption, subgroup analyses demonstrated that findings were consistent
across the US and non-US participants.
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Third, extrapolation of long-term survival was based on 4-year follow-up of a secondary
cohort of stroke survivors rather than the trial participants, themselves. Although it would
have been optimal to follow clinical trial patients long-term to provide these estimates, this
could not be practically be done in SWIFT-PRIME because informed consent specified that
patients would only be followed up for 90 days after enrollment. Given this important
limitation and recognizing that data on long-term survival and costs among 90-day stroke
survivors were out of date, used data from an external cohort of stroke survivors with known
mRS status at 90 days to estimate the parameters for a Markov model to provide these
critical long-term projections. Because the mRS served as the anchor for long-term survival
estimates and the external cohort was large (n=958), we believe that our approach better
reflects survival patterns with contemporary stroke care compared older studies. Fourth, we
assumed no further improvement in health status beyond 90 days in either treatment group—
an assumption that cannot be tested with empirical data from the available trials. Previous
research has shown that most functional recovery after ischemic stroke occurs in the first 90
days.28:29 In the few trials that have followed up stroke patients with moderate to severe
residual deficits beyond 3 months (including the 2 NINDS [National Institute of
Neurological Disorders and Stroke]-tPA trial), mRS levels were largely stable between 3 and
12 months.2? In addition, previously published cost-effectiveness analyses of
neurothrombectomy have also been based on extrapolation from 90-day mRS.19:11 Finally,
although we acknowledge that the specific population enrolled in SWIFT-PRIME (all of
whom had large-vessel occlusion and received tPA) differs from the population used for our
long-term projections, previous studies have demonstrated that the major driver of long-term
healthcare costs after stroke is the degree of disability as assessed by 3-month mRS scores
(MRS scores of 2, 3, 4, and 5).30

Conclusions

Based on data from the SWIFT-PRIME trial, for patients with acute ischemic stroke and
confirmed large-vessel anterior circulation occlusion, mechanical thrombectomy using the
solitaire stent retriever plus tPA is associated with higher initial treatment costs both in-
hospital and over 90 days of follow-up. However, lifetime projections based on a
combination of trial data and data from a large external cohort of stroke survivors
demonstrated that the stent retriever strategy is an economically dominant strategy with
substantial long-term cost savings and gains in both life-expectancy and quality-adjusted
life-expectancy—results that were consistent in multiple sensitivity and subgroup analyses.
These findings suggest that for patients similar to those enrolled in SWIFT-PRIME, a
treatment strategy of SST+tPA is highly cost-effective and likely economically dominant
compared with tPA.
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Utility comparison during 90-day trial period. EQ-5D indicates EuroQol-5 dimension; and

IV tPA, intravenous tissue-type plasminogen activator.
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Scatter plot showing the joint distribution of the difference in lifetime cost and quality-
adjusted life-expectancy between intravenous tissue-type plasminogen activator (1V tPA)
alone and stent retriever thrombectomy according to bootstrap simulation (1000 replicates).
The large solid dot indicates the base case value of A costs = $23 203 and A quality-adjusted

life years (QALYs) = 1.743. The solid, diagonal line indicates the incremental cost-
effectiveness ratio threshold of $50 000 per QALY gained.
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Time to breakeven point where long-term costs associated with stent retriever thrombectomy
are exceeded by higher long term costs in the intravenous tissue-type plasminogen activator

(IV tPA)-alone group.
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SST+tPA (n=98) tPA (n=92) P Value
Index hospitalization
Length of stay, d
Mean+SD 9.246.3 8.946.0 0.759
Median (IQR) 7.0 (5.0-11.0) 7.2 (5.0-10.5)
ICU length of stay, d
Mean+SD 4.0£3.9 4.0+4.5 0.941
Median (IQR) 2.8 (2.0-5.0) 3.0 (1.6-5.0)
Procedural costs, $
Mean+SD 14 6405 122
Median (IQR) 13576 (11 982-18 153)
Nonprocedural hospital costs, $
Mean+SD 28 605+16 566 27 320+14 326 0.549
Median (IQR) 21095 (17 292-36 555) | 23 571 (18 089-31 720)
Physician costs, $
Mean+SD 2517695 1258+497 <0.001
Median (IQR) 2388 (2166-2808) 1147(1003-1411)
Total index hospital costs, $
Mean+SD 45 761+18 401 28 578+14 743 <0.001
Median (IQR) 39 825 (33 534-55 521) | 24 917 (19 218-32 887)
Hospital discharge-90 d
Proportion of patients using service
Rehospitalization, % 17.3 19.6 0.69
Inpatient rehabilitation or SNF admission, % 55.1 70.7 0.03
Emergency room visit, % 9.2 2.2 0.04
Physician visits, % 53.1 435 0.19
Outpatient rehabilitation, % 18.4 22.8 0.45
Home rehabilitation, % 13.3 13.0 0.96
Counts of service use
Rehospitalization days 0.240.5 0.24+0.5 0.92
Inpatient rehabilitation/SNF days 26.9+38.6 36.3+37.9 0.09
Emergency room visits 0.1+0.4 0.0£0.2 0.11
Physician visits 1.7+£3.9 2.045.1 0.56
Outpatient rehabilitation visits 3.5+10.3 6.8+£25.0 0.23
Home rehabilitation visits 2.3+7.8 2.6+9.2 0.82
Costs
Rehospitalization (including physician fees)
Mean+SD $2012+5443 $2750+8336 0.47
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Median (IQR) 0.0 (0.0-0.0) 0.0 (0.0-0.0)

Outpatient care and services (including SNF)
Mean+SD $9258+11 444 $13 425+11 898 0.01
Median (IQR) $4042 (240-18 034) $9747 (2654-22 082)

Total discharge to 90-d costs
Mean+SD $11 270412 921 $16 174+14 566 0.01
Median (IQR) $6987 (255-18 650) $12 010 (361926 706)

Page 20

ICU indicates intensive care unit; IQR, interquartile range; SNF, skilled nursing facility; SST, stent retriever thrombectomy; and tPA, tissue-type

plasminogen activator.
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