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Cost-Effectiveness of Endovascular Treatment
in Large Vessel Occlusion Stroke With Mild
Prestroke Disability: Results From the HERMES

Collaboration

Johanna M. Ospel@, MD, PhD*; Wolfgang G. Kunz(2, MD"; Rosalie V. McDonough®, MD*; Wim van Zwam(, MD, PhD;
Floor Pinckaers®, MD; Jeffrey L. Saver{®, MD, PhD; Michael D. Hill®®, MD; Andrew M. Demchuk®, MD;

Tudor G. Jovin®, MD; Peter Mitchell’>, MD; Bruce C.V. Campbell®>, MD, PhD; Phil White, MD; Keith Muir®, MD;
Hamza Achit®®, MD; Serge Bracard, MD; Scott Brown, PhD; Mayank Goyal, MD, PhD; for the HERMES Investigators

BACKGROUND: The clinical and economic benefit of endovascular treatment (EVT) in addition to best medical management in patients
with stroke with mild preexisting symptoms/disability is not well studied. We aimed to investigate cost-effectiveness of EVT in
patients with large vessel occlusion and mild prestroke symptoms/disability, defined as a modified Rankin Scale score of 1 or 2.

METHODS: Data are from the HERMES collaboration (Highly Effective Reperfusion Evaluated in Multiple Endovascular Stroke
Trials), which pooled patient-level data from 7 large, randomized EVT trials. We used a decision model consisting of a short-
run model to analyze costs and functional outcomes within 90 days after the index stroke and a long-run Markov state
transition model (cycle length of 12 months) to estimate expected lifetime costs and outcomes from a health care and a
societal perspective. Incremental cost-effectiveness ratio and net monetary benefits were calculated, and a probabilistic
sensitivity analysis was performed.

RESULTS: EVT in addition to best medical management resulted in lifetime cost savings of $2821 (health care perspective) or
$5378 (societal perspective) and an increment of 1.27 quality-adjusted life years compared with best medical management
alone, indicating dominance of additional EVT as a treatment strategy. The net monetary benefits were higher for EVT in addition
to best medical management compared with best medical management alone both at the higher (100000$/quality-adjusted
life years) and lower (50000$/quality-adjusted life years) willingness to pay thresholds. Probabilistic sensitivity analysis showed
decreased costs and an increase in quality-adjusted life years for additional EVT compared with best medical management only.

CONCLUSIONS: From a health-economic standpoint, EVT in addition to best medical management should be the preferred
strategy in patients with acute ischemic stroke with large vessel occlusion and mild prestroke symptoms/disability.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: cost savings ® ischemic stroke ® patients ® quality-adjusted life year ® thrombectomy

benefit of endovascular treatment (EVT) compared to modified Rankin Scale (mRS) score of > 2, were, how-
best medical management in acute ischemic stroke  ever, largely excluded from these trials for pragmatic
due to large vessel occlusion (LVO)." Patients with reasons, that is, to maximize the probability of detecting

In 2015, b randomized controlled trials showed the  prestroke disability, which is most often defined as a
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Nonstandard Abbreviations and Acronyms

EVT endovascular treatment
Lvo large vessel occlusion
mRS modified Rankin Scale
NMB net monetary benefit
QALY quality-adjusted life year

a significant treatment effect and to allow for utiliza-
tion of dichotomized outcomes, such as good outcome
(eg, mRS score of 0-2). As a result, there is paucity of
randomized data regarding the clinical and economic
benefit of EVT in patients with prestroke disability,
resulting in a lack of clear guideline recommendations.
The current American Heart Association/American
Stroke Association guidelines state that “patients
should receive mechanical thrombectomy if they have a
prestroke mRS of O or 1.2 For patients with mRS score
>1, which account for more than one-third of all acute
ischemic stroke cases®* there are no clear guideline-
based EVT recommendations, and physicians have to
rely mostly on their own judgment. This increases the
risk for personal biases in clinical decision-making, may
lead to substantial variability in treatment practices, and
ultimately compromise the quality of care.® The potential
for cost savings in patients with prestroke symptoms/
disability is likely to be greater compared to patients
without prestroke symptoms/disability since they will
generally experience outcomes at the higher end of the
mRS spectrum, at which treatment costs disproportion-
ately increase. Achieving a shift from a poststroke mRS
score of 4 to 3 through EVT, for example, may result
in greater cost savings compared to a shift from post-
stroke mRS score of 2 to 1.

So far, hardly any patients with severe preexisting
symptoms/disability (MRS score >2) were included in
any of the EVT trials, and thus, no reliable conclusions
can be drawn regarding the health-economic impact of
EVT in this patient subgroup. However, the HERMES
collaboration (Highly Effective Reperfusion Evaluated
in Multiple Endovascular Stroke Trials) did include 199
patients with mild preexisting symptoms/disability (pre-
stroke mRS score 1-2). Our group has previously con-
ducted EVT cost-effectiveness analyses in much smaller
samples.® Based on our previous experience, we, there-
fore, expected 199 patients to be a sufficiently large
sample for assessing cost-effectiveness.

Thus, we used data from the HERMES collaboration
to compare the long-term costs and cost-effectiveness
of EVT in addition to best medical management to best
medical management alone in patients with acute isch-
emic stroke with LVO and mild prestroke symptoms/
disability, defined as mRS score of 1 or 2 before stroke
onset.

Stroke. 2023;54:226-233. DOI: 10.1161/STROKEAHA.121.038407
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METHODS

The individual studies pooled in the HERMES meta-analysis
were approved by the institutions’ local ethics committees
and patients were enrolled based on informed consent unless
deferral of consent was used according to local regulations.
The raw data underlying this analysis will be made available by
the corresponding author and after approval by the HERMES
executive committee upon reasonable request. We con-
ducted this analysis in accordance with the recommendations
of the Second Panel on Cost-Effectiveness in Health and
Medicine” and the Consolidated Health Economic Evaluation
Reporting Standards 2022 guidelines® (see checklist in the
Supplemental Material). Analyses were conducted both from
a health care perspective and a societal perspective. This was
a post hoc economic analysis of a large existing dataset, and
as such, we did not develop an a priori health economic analy-
sis plan.

Study Sample

The HERMES collaboration pooled patient data from 7
randomized controlled trials that investigated safety and
efficacy of EVT in patients with acute ischemic stroke
(n=1766).°-1° Patients were enrolled between December
2010, and December 2014. Inclusion criteria of the indi-
vidual trials have been previously published.®"'® Patients who
were randomized to the control arms of the respective tri-
als were treated with best medical management, including
intravenous alteplase if indicated. Those randomized to the
EVT arms were treated with EVT in addition to best medi-
cal management. HERMES included 199 patients with pre-
stroke mRS score 1 or 2; 98 in the EVT arm and 101 in the
best medical management arm.'®

Model Structure

A decision model was developed using the TreeAge pro-2021
software, version 21.1.1 (TreeAge, Williamstown, MA; Figure
1). First, a short-run model was used to analyze costs and
outcomes within the first 3 months after the index stroke, fol-
lowed by a long-run Markov state transition state model with a
cycle length of 12 months, estimating costs and outcomes over
the patients’ lifespan up to 120 years. In the short-run model,
patients could enter 1 of 7 health states as defined by the mRS
following treatment (ie, EVT and best medical management in
the EVT arm; best medical management alone in the control
arm). In each cycle of the long-run model, patients could main-
tain the same health status (ie, the same mRS category), suffer
a recurrent stroke followed by either recovery to the same mRS
category or change to a worse mRS category, or die, either
as a result of age-related mortality or stroke-survivor specific
mortality. In the base case analysis of this study, we assumed
a patient age at stroke onset of 71.b years, as this was the
median age of patients with prestroke mRS score 1 to 2 in
HERMES.

Model Parameters

1. Outcome probabilities. The probabilities of achiev-
ing a certain mRS state at 3 months in the short-run
model were derived from the HERMES collaboration.'®
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Clone 1:

Figure 1. Decision model used in this study.

The decision model consists of a short-run model and a long-run Markov transition state model. The short-run model is used to estimate
costs within the first 3 mo after the index stroke. The long-run Markov model is used to estimate transitions between states and costs after
the first 3 mo after the index stroke. Note that best medical management (MM) also includes intravenous thrombolysis if indicated. A square
indicates a decision node, in this case the decision to treat either with endovascular treatment (EVT) and best MM or with best MM alone.
Circles indicate chance nodes. Circles with the letter M indicate Markov nodes. Triangles indicate terminal nodes. Clone 1 indicates a subtree
for the best MM-only arm with a structure that is identical to the tree shown in the EVT in addition to best MM arm. mRS indicates modified
Rankin Scale.

Probabilities for long-term outcomes beyond 3 months
were extracted from large prospective cohort studies'”'®
and United States Life Tables,'® as described previ-
ously,? taking into account the risk of recurrent stroke,
death, and changes in mRS over time in poststroke
survivors. mRS-specific utility measures were derived
from a large prospective cohort study.?' Other param-
eters that were used in the model have been published
previously.52°

. Health care Costs (US data). Estimated treatment costs

were derived from the National Inpatient Sample®? and
available literature, as described previously.5292% The
cost of EVT over and above best medical management
was estimated to be $15510, which includes all devices
and other procedure-related materials.?® Costs of best
medical management include the cost of intravenous
alteplase if indicated, which was estimated using US
pricing at $7421. Intravenous alteplase and EVT were
hereby accounted for separately from the acute care
component in the model, following the methodology of
previous papers.52*?° To account for the fact that not
all patients with mild prestroke disability received intra-
venous alteplase as part of best medical management,
the cost of intravenous alteplase was multiplied by the
probability of patient with prestroke mRS score of 1 to

January 2023

2 in the HERMES collaboration receiving intravenous
alteplase (75.5% in the EVT arm and 81.2% in the con-
trol arm; modeled with a beta-distribution and assuming
a SD of 20%)."® Health care costs other than proce-
dure-related costs that were considered in the first
3 months (short-run model) included supported dis-
charge, rehabilitation, and community care, according to
the degree of disability as measured by the mRS at 3
months.2® Long-term costs beyond 3 months from the
index stroke included rehabilitation and ongoing costs,
according to the degree of disability as measured by the
mRS at 3 months.?® All costs were inflated by medical
care component of the consumer price index.?” If only
foreign currency values were available, the exchange
rate from the year of data origin to USD was used
and subsequently adjusted to US inflation, identical to
the costs that were available from the literature in US
currency.

. Societal Costs. Costs and cost-effectiveness of EVT in

addition to best medical management compared to best
medical management alone were assessed using the
human capital approach, including costs caused by lost
productivity and informal care (estimated based on United
States Census Bureau wages® and United States Bureau
of Labor Statistics?” age-specific employment rates®2°),

Stroke. 2023;564:226-233. DOI: 10.1161/STROKEAHA.121.038407
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costs of informal care 6 and costs of lost productivity
due to stroke-related premature mortality and disability,
as described previously.® Details of the model parameters
and respective references are shown in Table 1.

Outcomes
Cost-effectiveness of EVT in addition to best medical man-
agement was assessed with the incremental cost-effective-
ness ratio, which reflects the difference in costs between
EVT with best medical management and best medical man-
agement alone and the respective gain in quality-adjusted life
years (QALYs).
(Average cost of EVT best MM) — Average cost of best MM
(Average cost of EVT best MM) — Average QALYs of best MM
_Average additional cost of EVT
" Average gain in QALYs with EVT

QALYs reflect both survival time and quality of life: one year
of life in a completely healthy state results in 1 QALY, and one
year of life with any health-related impairment results in <1
QALY, depending on the nature and degree of impairment.®*
QALYs for each mRS category were calculated using utility
values associated with each mRS state. All QALYs were dis-
counted by 3% each year.” The net monetary benefit (NMB) of
EVT with best medical management and best medical manage-
ment alone was calculated. The NMB equals the mean QALYs

Cost-Effectiveness of EVT in Prestroke Disability

per patient gained with EVT multiplied by the willingness to pay
for one QALY minus the mean additional cost of EVT (com-
pared to best medical management) per patient. According to
common convention, upper and lower willingness to pay thresh-
olds were set at $100000 and $50000.

NMB=(lifetime QALYs gained with EVT x willingness to pay for 1 QALY)
—lifetime additional costs of EVT

Sensitivity Analysis

Every parameter used in the decision model was assigned a dis-
tribution type reflecting its probability density function. We then
performed probabilistic sensitivity analysis using 10000 second-
order Monte Carlo simulation runs to assess for the influence of
simultaneous changes in model input parameters. Median costs,
QALYs, and NMB for both EVT with best medical management
and best medical management alone were obtained from the
10000 simulations and graphed in a scatter plot.

RESULTS

Of the 199 HERMES patients with prestroke mRS score
1 or 2, 48 (24.1%) achieved a good outcome at 90 days
(mRS score 0—-2) and 56 (28.1%) died. In the EVT arm,
74 out of 98 (75.5%) patients received IV alteplase in

Table 1. Base Case Values and Model Input Parameters

Parameter Expected value ‘ Distribution ‘ References

Initial probabilities for achieving mRS score 0/1/2/3/4/5/6
EVT arm 6/11/15/16/19/7/24 Dirichlet McDonough et al'®
Control arm 1/8/7/15/22/16/32

Transition probabilities
Recurrent stroke rate 0.074 (for first year) Beta Pennlert et al'®
Annual death rate 0.013 (for 65 years) Beta Arias et al'®
Annual death hazard rate ratios for mRS score 0/1/2/3/4/5 1.563/1.52/2.17/3.18/4.55/6.55 Log-normal Hong et al'”
After recurrent stroke HERMES meta-analysis control arm Dirichlet Goyal et al'

Health care costs
Costs within first 90 days after stroke for mRS score $7515/$10 375/$16 294/$20 151/$27 Gamma Dawson et al*®
0/1/2/3/4/5/6 002/$32 256/$7421
Additional cost of IV thrombolysis $7421 Gamma National Inpatient Sample

20142°

Additional cost of EVT $15510 Gamma Shireman et al?®
Long-term annual costs after stroke for mRS score $10569/$10 883/$12 590/$21 618/$43 Gamma Shireman et al?®
0/1/2/3/415 755/$64 327
Costs for hospitalization due to recurrent stroke $21 648 Gamma Chambers et al®®

Societal costs
Average annual earnings of employed population $33000 (for 65 years) Gamma US Census Bureau 2017
Population employment rate 0.312 (for 65 years) Beta US Bureau of Labor

Statistics 2017%7
Relative earnings of stroke survivors 0.825 Beta Vyas et al®'
Return to work probability after stroke for mRS score 0.63/0.72/0.49/0.19/0.14/0.00 Beta Tanaka et al®?
0/1/2/3/4/5
Informal annual caregiving costs mRS score 0—1: $1413, mRS score 2-5: Gamma Hickenbottom et al®®
$7066
Utilities mRS score 0/1/2/3/4/5/6 1.00/0.91/0.76/0.65/0.33/0.00/0.00 Beta Chaisinanunkul et al*'

EVT indicates endovascular treatment; HERMES, Highly Effective Reperfusion Evaluated in Multiple Endovascular Stroke Trials; and mRS, modified Rankin Scale.

Stroke. 2023;54:226-233. DOI: 10.1161/STROKEAHA.121.038407
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addition to EVT, and in the control arm, 82 out of 101
(81.2%) received IV alteplase. Clinical outcomes with
EVT and best medical management showed a clear ben-
efit of EVT (32% good outcome [mRS score 0-2] in the
EVT arm versus 16% in the control arm, adjusted com-
mon odds ratio for a shift on the mRS score of 2.08 [95%
Cl, 1.22-3.65]), and are reported in detail elsewhere.'®

Base Case Analysis

From a health care perspective, EVT in addition to best
medical management resulted in lifetime cost savings
of $2821 and an increment of 1.27 QALYs, suggesting
that EVT in addition to best medical management is the
dominant treatment strategy in patients with mild pre-
stroke symptoms/disability. Accordingly, EVT in addition
to best medical management yielded a higher NMB
compared to best medical management alone at the
higher (EVT, $153671 versus best medical manage-
ment only, $23850) and lower (EVT, —$31329 versus
best medical management only, —$97 650) willingness
to pay thresholds.

Results were similar in the analysis from a societal
perspective. EVT in addition to best medical management
resulted in lifetime cost savings of $5378 and an incre-
ment of 1.27 QALYs, again suggesting dominance of EVT
in addition to best medical management as a treatment
strategy. EVT in addition to best medical management
also yielded a higher NMB compared to best medical
management alone at the higher (EVT: $107 544 versus
best medical management only: —$24834) and lower
(EVT: —=$77 456 versus best medical management only:
—3$146334) willingness to pay thresholds (Table 2).

Sensitivity Analysis

Figure 2 shows the results of the probabilistic sensitivity
analysis (10000 simulations). The majority of simulations

Table 2. Costs and QALYs Gained With EVT in Addition to
Best Medical Management and Best Medical Management
Only in Patients With Mild Prestroke Symptoms/Disability

EVT with best | Best medical
medical management
management | only Difference
Cumulative lifetime QALYs | 3.70 2.43 1.27
gained
Health care perspective
Cumulative lifetime 216329 219150 —2821
costs, $
Societal perspective
Cumulative lifetime 262456 267834 —5378
costs, $

Note that best medical management includes intravenous alteplase, if indi-
cated. EVT indicates endovascular treatment; and QALY, quality-adjusted life
years.

230  January 2023
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resulted in decreased costs and a gain in QALYs with
EVT in addition to best medical management compared
to best medical management only.

DISCUSSION

In this cost-effectiveness study, EVT in addition to best
medical management for LVO stroke with mild preex-
isting symptoms/disability is associated with a gain in
QALYs as well as a decrease in lifetime costs compared
to best medical management alone.

There is substantial uncertainty on whether EVT should
be performed in patients with preexisting symptoms/
disability, and treatment practices are highly variable.®®
The most commonly used argument against treating
these patients with EVT is that functional outcomes are
often poor, especially when compared to patients with-
out preexisting symptoms/disability.*%" Indeed, a post
hoc analysis of the HERMES collaboration showed that
clinical outcome at 3 months is worse in patients with
mild preexisting disability (MRS score 1-2), but this held
true both for the control and EVT arms.'® Furthermore,
there was no evidence of treatment effect modification
of EVT by prestroke mRS, suggesting that the effect of
EVT is similar in patients with and without mild preexist-
ing symptoms/disability. Although the former may be at
a slightly higher risk of death compared with the latter,
they are not more likely to accumulate additional disabil-
ity over and beyond their preexisting deficits compared to
those patients without preexisting symptoms/disability.®

Nevertheless, EVT decision-making in prestroke
symptomatic/disabled patients is complicated. Physi-
cians tend to focus their treatment decisions around a
patient's overall prognosis, rather than treatment effect,
and rightly so, because the prognosis is ultimately what
matters to the patients themselves. However, they often
underestimate the quality of life of prestroke symptom-
atic/disabled patients, which can result not only in under-
treatment with EVT but also in withdrawal or foregoing
of other supportive treatments, even if EVT is performed.
This in turn may lead to worse outcomes, resulting in a
vicious circle and a “self-fulfilling prophecy®3 An open
communication with the patients and families about their
expectations and desirable outcomes can help to avoid
these biases and make treatment decisions in line with
individual patients’ wishes.

Additional, complementary outcome measures such
as mortality and cost-effectiveness can also aid in the
decision-making process, by providing supplementary
information that is not subject to personal biases and
judgments. The current study shows that EVT is the
preferred strategy from a health economics standpoint
in patients with mild prestroke symptoms/disability. The
increment in QALYs with EVT was hereby slightly lower
compared to the overall HERMES patient sample (1.27
in the current study versus 1.59 in the overall HERMES

Stroke. 2023;564:226-233. DOI: 10.1161/STROKEAHA.121.038407
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Figure 2. Results of the probabilistic sensitivity analysis (10000 simulations) showing incremental cost per quality-adjusted
life year (QALY) gained of endovascular treatment in addition to best medical management from a societal perspective (green
dots, online only) and health care perspective (blue dots, online only) in patients with mild prestroke symptoms/disability.
The majority of simulation results are in the lower right quadrant, that is, costs are decreased and QALYs are increased. Almost all results are
below the 50000/QALY willingness to pay threshold (dotted line) as well as the 100000/QALY willingness to pay threshold (dashed line),
indicating a high probability that EVT in addition to best medical management is cost-effective compared to best medical management alone.

sample®). Nevertheless, health economics data clearly
suggest benefit of EVT, providing support to the argument
that EVT should be routinely considered in patients with
mild prestroke symptoms/disability.*°4! Ideally, guidelines
should acknowledge this to allow for broader adoption of
EVT in patients with prestroke symptoms/disability.

In the long term, it would be desirable to design more
inclusive randomized trials and prospective cohort stud-
ies that do not systematically exclude patients with
preexisting symptoms/disability, an approach that has
already been adopted in some more recent EVT trials.
This allows us not only to collect more and better data
but also avoids systematic exclusion of certain patient
subgroups, for example, women since they are on aver-
age older and more often symptomatic/disabled before
stroke onset*? Of note, because of the stringent inclu-
sion criteria of the HERMES trials, we were not able to
investigate outcomes in patients with prestroke mRS

Stroke. 2023;54:226-233. DOI: 10.1161/STROKEAHA.121.038407

score >2. We suspect that the relative treatment benefit
of EVT would be maintained in those patients as well,
but this is purely speculative at this point and should be
confirmed in prospective studies.

Limitations

Our study has several limitations. First, available data on
clinical outcomes of patients with LVO stroke with pre-
stroke symptoms/disability are limited, particularly for
patients with severe prestroke symptoms/disability. We,
therefore, had to limit our analysis to patients with mild
preexisting symptoms/disability, and the sample size on
which our outcome estimation was based was relatively
small. Moreover, because of a potential selection bias
due to rather stringent randomized trial enrollment crite-
ria, these patients may also not be representative of the
general population of LVO patients with mild prestroke
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symptoms/disability. Second, treatment costs, particu-
larly the cost of EVT and intravenous alteplase, and
societal costs differ among countries. This analysis was
conducted using mostly US data and, as such, the results
may not be generalizable to other countries. Lastly, accu-
rate assessment of prestroke mRS is challenging in the
acute setting, and acute prestroke mRS is misjudged by
at least one category in up to 30% of patients,*® which
may have introduced some variability in this study.

Conclusions

EVT in addition to best medical management led to lower
estimated lifetime costs and a gain in QALYs compared
to best medical management alone in patients with LVO
stroke with mild preexisting symptoms/disability. From
a health economics perspective, EVT in addition to best
medical management is, therefore, the preferred strategy
for this patient subgroup.
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