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Object. Mechanical thrombectomy is increasingly being used for the treatment of large-vessel ischemic stroke in

patients who arrive outside of the 3-hour tissue plasminogen activator time window. In this study, the authors evalu-
ated the cost and effectiveness of mechanical thrombectomy compared with standard medical therapy in patients who
are ineligible to receive tissue plasminogen activator.

Methods. Clinical outcomes of an open-label study of mechanical thrombectomy were compared with a hy-
pothetical control group with a lower recanalization rate (18 vs 60%) and a lower rate of symptomatic intracranial
hemorrhage (0.6 vs 7.8%) than the active treatment group. A Markov cost-effectiveness model was built to compare
the health benefits and costs associated with mechanical thrombectomy compared with standard medical therapy. All
probabilities, quality-of-life factors, and costs were estimated from the published literature. Univariate sensitivity
analyses were performed to assess how variations in model parameters affect health and economic outcomes.

Results. Treatment of acute ischemic stroke with mechanical thrombectomy increased survival time by 0.54
quality-adjusted life years (QALYs), compared with standard medical therapy (2.37 vs 1.83 QALY?s), at an increased
cost of $6600. This yielded an incremental cost-effectiveness ratio (ICER) of $12,120 per QALY gained, a value
generally considered cost-effective. Sensitivity analysis showed that mechanical thrombectomy remained cost-ef-
fective (ICER < $50,000 per QALY gained) for all model inputs varied over a reasonable range, except for age at
stroke treatment. For patients older than 82 years of age, the treatment was only borderline cost-effective (ICER of

$50,000-100,000 per QALY gained).

Conclusions. The treatment of large-vessel ischemic stroke with mechanical thrombectomy appears to be cost-
effective. These results require validation when data from a randomized, controlled trial of mechanical thrombectomy
become available. (DOI: 10.3171/2008.8.JNS08133)

Key Worps ¢
mechanical thrombectomy °

ischemic stroke is being increasingly performed
by neurosurgeons and neurointerventionalists. Me-
chanical thrombectomy devices reopen large cerebral
vessels and represent an alternative treatment to the stan-
dard medical therapy with antiplatelet agents in patients
with large-vessel ischemic stroke who are not eligible for

E NDOVASCULAR mechanical thrombectomy for acute

Abbreviations used in this paper: FDA = Food and Drug Ad-
ministration; ICER = incremental cost-effectiveness ratio; MERCI
= Mechanical Embolus Removal in Cerebral Ischemia; mRS =
modified Rankin Scale; MS-DRG = Medicare Severity Diagnostic-
Related Group; NINDS = National Institute of Neurological Dis-
orders and Stroke; PROACT = Pro-Urokinase for Acute Cerebral
Thromboembolism; QALY = quality-adjusted life year; sICH =
symptomatic intracerebral hemorrhage; tPA = tissue plasminogen
activator.
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thrombolytic therapy, or in whom thrombolytic therapy
has failed. The Merci retriever system (Concentric Medi-
cal) and more recently, the Penumbra system (Penumbra
Inc.) have been granted 510(k) clearance by the US FDA
for use in revascularization in patients with acute stroke
within 8 hours of symptom onset. The FDA’s approval of
these devices was based on studies in which higher reca-
nalization rates after mechanical thrombectomy (48% for
Merci; 81% for Penumbra) were demonstrated compared
with the rate of spontaneous recanalization (18%) ob-
served in the placebo arm of the PROACT II study.”-'013:14
Furthermore, studies have shown superior neurological
outcomes and a lower mortality rate in patients in whom
recanalization is achieved compared with patients without
recanalization.”-':13.14

Decisions concerning the clinical utility of an inter-

J. Neurosurg. / Volume 110 / March 2009



Cost-effectiveness of mechanical thrombectomy

Mechanical thrombectomy o

Acute Stroke Patient
—

Best medical therapy

Independent
0.09
sICH Dependent

!

0078 0.18

Dead

o 073
no sICH o Dependent
0922 023

Dead

0.28
Independent

0.09
sICH Dependent

0.078 o 018
Dead
073
O Independent
0.11
no sICH Dependent
o p

0922 037
Dead
052
Independent
0.09
sICH o Dependent

0.008 0.18
Dead
073
O Independent
0.4
no sICH Dependent
o p

0994 023
Dead
028
Independent
0.09
sICH o Dependent

0.0068 018
Dead
o recanalization 073
o
082
0.1
no sICH o Dependent

0994 037
Dead

052

i

recanalization

5
&
(=N -1
gm
>
=9
@
3

‘

il

o recanalization

il

il

recanalization

il

il

=
=9
@
-
@
>
=9
@
3

‘

Fic. 1. Flow-chart diagram of the decision tree that was used to model cost-effectiveness of mechanical thrombectomy versus

standard medical therapy in patients with acute ischemic stroke.

vention should be guided by information regarding the
benefits, risks, and costs associated with that intervention.
Cost-effectiveness analysis is a tool that can be used to
assess outcomes and costs in a unified model. The objec-
tive of our analysis was to determine whether mechanical
thrombectomy for acute ischemic stroke is cost-effective
from a societal perspective.

Methods

Model Overview

To determine the cost-effectiveness of mechanical
thrombectomy compared with standard medical therapy for
acute ischemic stroke, we created a decision analytic model
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using TreeAge software (TreeAge Software, Inc). We de-
veloped a Markov state-transition model, which accounts
for the possible health states an individual may enter after
presenting with acute ischemic stroke (Fig. 1). We consid-
ered 2 treatment options and estimated the average health-
care costs and benefits of each from the time of stroke until
death. We assumed a 20-year time horizon to account for
deaths and complications related to future recurrent strokes
and age-related causes. We used as our base case a 67-year-
old patient with large-vessel ischemic stroke.

Management Strategies

Two management strategies were considered for acute
stroke in patients who could receive treatment within 8
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hours of symptom onset, but were not eligible for intrave-
nous tPA: 1) an interventional strategy consisting of me-
chanical thrombectomy with the Merci mechanical clot
retrieval system, and 2) a reference strategy consisting of
standard medical therapy with antiplatelet agents and sup-
portive care but without the use of thrombolytics (such as
tPA). The interventional strategy was chosen based on the
FDA'’s recent approval of the Merci Retriever for removal
of blood clots from cerebral arteries. The approval was
based on the results of the MERCI study,"* which included
only patients ineligible for intravenous tPA therapy. Stan-
dard medical management without the use of thrombolyt-
ics was therefore chosen as the reference strategy. The
reference strategy is based on the American Heart As-
sociation and the American College of Chest Physicians
guidelines for the management of ischemic stroke.?*

Health States

Patients were categorized into 1 of 3 health outcome
states based on their predicted mRS score 90 days after
treatment: independent (mRS score =< 2), dependent (mRS
score 3-5), or dead (Fig. 1). See Model Parameters below
for detailed description of model inputs. We assumed that
patients remained in the same health state for the entire
first year. Following the initial year and at the end of each
subsequent annual cycle, patients could remain in their
current health state, transition to a lower health state (due
to a recurrent stroke), or die (due to a recurrent stroke or
an age-related cause) At the end of each annual cycle, we
updated each individual’s age to account for the change in
age-related mortality rate.

Outcome Assessment

We estimated the health benefits and costs associ-
ated with treatment of acute ischemic stroke by mechani-
cal thrombectomy and standard medical therapy. Health
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benefits were measured in QALYs, which captured the
effects of treatment on rates of morbidity and mortality.
The economic costs included the cost of hospitalization
for acute stroke (such as inpatient and endovascular pro-
cedure costs), the cost of rehabilitation after stroke, and
the cost of long-term care associated with independent
and dependent health states. We used the Markov mod-
el to calculate the costs and QALYs associated with the
initial treatment and the costs and benefits of all future
health states until death. We discounted all health costs
and benefits at an annual rate of 3%.8

The difference in costs and benefits between treatment
with mechanical thrombectomy and standard stroke ther-
apy were assessed. The ICER was calculated by dividing
the difference in costs by the difference in QALYs. The
intervention was considered cost-effective if the ICER was
< $50,000 per QALY gained, and borderline cost-effective
if the ICER was $50,000-100,000 per QALY gained.® All
cost-effectiveness analyses were performed from a societal
perspective.

Model Parameters

Model inputs and the range over which they were
tested are shown in Table 1. The base case probability of
recanalization in patients who received standard medical
therapy was based on the rate of recanalization observed
in the placebo group of the PROACT II study.” The base
case probability of recanalization with mechanical throm-
bectomy was based on the MERCTI trial."* The probability
of sICH with standard medical therapy was based on the
control arm of the NINDS tPA stroke trial,! and the prob-
ability of sICH with mechanical thrombectomy was based
on the MERCTI study." The fraction of patients with sSICH
who were independent, dependent, or dead immediately
after stroke treatment was based on the NINDS tPA stroke
study results.”> In patients without SICH with recanaliza-
tion, the fraction of individuals in each health state was

TABLE 1: Probabilities, utilities, and costs used in the model, and the range of values tested in the univariate

sensitivity analyses*
Model Input Standard Therapy (range)  Mechanical Thrombectomy (range)  Reference No.
probability of
recanalization 0.18 (0.18-0.24) 0.60 (0.48-0.84) 5,8,12,13
sICH 0.006 (0.006-0.020) 0.078 (0.078-0.110) 1,5,10,13
recurrent stroke 0.052 (0.039-0.065) 0.052 (0.039-0.065) 9
utility (QALY)
independent (MRS score < 2) 0.74 (0.55-0.92) 0.74 (0.55-0.92) 9
dependent (MRS score 3-5) 0.40 (0.30-0.50) 0.40 (0.30-0.50) 9
dead 0 0 9
cost ($)
total cost of hospitalization for acute 6749 (5061-8436) 24,154 (18,365-29,942) 3
stroke
annual care for independent patients 5764 (4323-7205) 5764 (4323-7205) 2
annual care for dependent patients 45,469 (34,101-56,836) 45,469 (34,101-56,836) 2
hospitalization for recurrent stroke 24,939 (18,704-31,173) 24,939 (18,704-31,173) 2

* Standard therapy and mechanical thrombectomy inputs are based on best estimates.
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based on the clinical outcomes of patients with successful
recanalization in the MERCI study'* adjusted to reflect the
absence of sICH. Similarly, in patients without sICH and
without recanalization, the fraction of individuals in each
health state was based on the clinical outcomes of patients
without recanalization in the MERCI study,** adjusted to
reflect the absence of sICH (Fig. 1). The annual probabil-
ity of dying was estimated for each health state based on
the age-related mortality rate and the risk of a recurrent
stroke.

We estimated quality-of-life factors for each health
state based on a previously published cost-effectiveness
study (Table 1). The cost parameters used in our model
were estimated from a variety of sources. United States
hospitals collect reimbursements from Medicare for the
care of stroke patients who undergo mechanical throm-
bectomy under MS-DRGs 023 and 024. The total proce-
dural and inpatient hospitalization costs for patients who
underwent mechanical thrombectomy was estimated to be
equal to the national average reimbursement for MS-DRGs
023 and 024, plus the average professional fees for CPT
(Current Procedural Terminology) codes associated with
this procedure. The cost of the hospitalization for patients
who received standard medical therapy was estimated to
be equal to the Medicare reimbursement for DRG 15 (acute
ischemic stroke without thrombolysis or thrombectomy).®
Values for all other costs were adopted from the literature,*
and converted to 2008 US dollars using the medical care
component of the consumer price index (Table 1).

Sensitivity Analysis

We assumed deterministic values for all model pa-
rameters. However, we performed univariate sensitivity
analyses to evaluate the effects of varying each parameter
on health and economic outcomes. For each parameter we
considered a plausible range of values estimated from the
literature. If no data from the literature were available,
the deterministic value = 25% was used as the range.

Results

For the base case scenario, standard medical therapy

yielded 1.83 QALYs at a cost of $142,000. Mechanical
thrombectomy generated 2.37 QALYs at a cost of $148,600.
Therefore, mechanical thrombectomy resulted in a gain of
0.54 QALYs at an increased cost of $6600, yielding an
ICER of $12,120 per QALY gained (Table 2).

Univariate sensitivity analyses indicated that the study
results were robust. The ICER for mechanical thrombec-
tomy remained < $50,000 per QALY gained for all model
inputs varied over a reasonable range, except for age at
stroke treatment. Mechanical thrombectomy was consid-
ered borderline cost-effective (that is, ICER < $100,000
per QALY gained) in patients older than 82 years of age.
Although mechanical thrombectomy became less cost-
effective as the age at initial treatment increased, the
relative health benefits associated with this procedure re-
mained constant: mechanical thrombectomy resulted in
30% more QALYs than standard medical therapy across
all ages tested. In addition to age, the ICER was most sen-
sitive to the following model parameters: probability of
recanalization with mechanical thrombectomy, hospital-
ization costs for patients receiving mechanical thrombec-
tomy, and cost of long-term care for dependent patients
(Fig. 2).

Discussion

These results suggest that mechanical thrombectomy
performed for acute stroke within 8 hours of symptom
onset is cost-effective from a US societal perspective. The
incremental cost of mechanical thrombectomy over stan-
dard medical therapy is $12,000 per QALY gained. This
cost-effectiveness ratio is well below the generally ac-
cepted cost-effectiveness threshold of $50,000 per QALY
gained.?

Intravenous thrombolytic therapy with tPA for isch-
emic stroke has been shown to be a cost-saving interven-
tion by reducing health expenditures by $8000 per QALY
gained.® Our findings are in line with the intravenous tPA
cost-effectiveness data. The higher cost per QALY gained
with mechanical thrombectomy is expected given 1) the
higher cost of mechanical thrombectomy, and 2) the re-
duced chance of dramatic clinical improvement with me-

TABLE 2: Results of base case analysis and one-way sensitivity analysis on key model parameters*

Standard Therapy MT ICER
Scenario Cost (US$)  QALYs Cost (US$)  QALYs US $/QALY
base case 142,000 1.83 148,600 2.37 12,120
sensitivity analysis
age at stroke treatment = 50 yrs 203,100 2.69 206,800 3.48 4619
age at stroke treatment = 84 yrs 62,000 0.68 74,000 0.88 59,698
prob of rec w/ MT = 0.48 142,000 1.83 150,000 2.20 22,572
prob of rec w/ MT = 0.84 142,000 1.83 145,100 2.72 3431
cost of MT hospitalization = $18,365 142,000 1.83 142,800 2.37 1455
cost of MT hospitalization = $29,942 142,000 1.83 154,000 2.37 22,784
annual cost of dependent care = $34,101 114,000 1.83 124,000 2.37 19,508
annual cost of dependent care = $56,836 170,300 1.83 172,800 2.37 4733

* MT = mechanical thrombectomy; prob = probability; rec = recanalization.
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chanical thrombectomy, as this treatment is typically of-
fered later, when recanalization is overall less effective.’

The MERCI trial that led to FDA clearance of the
MERCI clot retrieval system was an open-label prospective
cohort study without a control arm." The main limitation of
our study is the lack of efficacy data from randomized con-
trolled trials of mechanical thrombectomy in acute stroke.
There is also no suitable historical control group compa-
rable to the MERCI study population in terms of key base-
line variables such as severity of stroke symptoms, time to
treatment, and patient age. There is, however, a preponder-
ance of evidence that mechanical thrombectomy is associ-
ated with higher recanalization rates than medical therapy,
and that early recanalization is associated with improved
clinical outcomes in patients with acute stroke.'*!* It is also
well-established that symptomatic intracerebral hemor-
rhage rates are higher in patients who undergo treatment
with mechanical thrombectomy devices compared with
those who receive standard medical therapy.'*!* Therefore,
to model the cost-effectiveness of mechanical thrombecto-
my, a hypothetical control group was constructed that dif-
fered from the mechanical thrombectomy group by having
a lower recanalization rate (18 vs 60%) and a lower SICH
rate (0.6 vs 7.8%). As illustrated in Fig. 1, the probabilities
of each of the 3 health states (independent, dependent, or
dead), conditional on recanalization and sICH status, were
deemed identical for the control and mechanical throm-
bectomy arm. Although we have used the best method
to determine cost-effectiveness with currently available
data, our results require confirmation once efficacy data
from randomized controlled trials become available. Two
large North American randomized controlled acute stroke
studies of mechanical thrombectomy, IMS (Interventional
Management of Stroke) and MR Rescue (MR and Reca-
nalization of Stroke Clots Using Embolectomy), are cur-
rently enrolling patients.

All model inputs were best estimates based on previ-

512

ously published data in peer-reviewed medical literature. It
is possible, however, that these best estimates over- or un-
derestimate the true value of any of the model parameters.
Sensitivity analyses were performed to determine whether
our main results would be significantly influenced by vari-
ations in model inputs. The results of the sensitivity analy-
ses showed that our findings were robust against all model
assumptions. For example, after varying the probability
of recanalization over the published range, mechanical
thrombectomy remained cost-effective (ICER < $50,000
per QALY gained). A recanalization rate of 48% was used
as the lower limit because this is the rate of recanalization
with deployment of the mechanical device but without ad-
juvant therapy reported in the MERCI trial. At this recanal-
ization rate the ICER was $23,385 per QALY gained. For
the base case a recanalization rate of 60% was used, based
on the recanalization rate with mechanical thrombectomy
and adjuvant thrombolytic therapy reported in the MERCI
trial; at this rate the ICER was $12,120 per QALY gained.
Based on a systematic review, a recanalization rate of 84%
was used as the upper limit in the sensitivity analysis, re-
sulting in an ICER of $3946 per QALY gained.”” The reca-
nalization rate with the Penumbra device is 81% based on
data in a recently presented abstract.!! As this is close to the
upper range of the sensitivity analysis on the recanalization
rate, the ICER for mechanical thrombectomy with the Pen-
umbra device compared with standard medical therapy is
~ $4000 per QALY gained. Age at the time of stroke treat-
ment was the only variable for which the ICER exceeded
$50,000 in the sensitivity analysis. Mechanical thrombec-
tomy became less cost-effective with advanced age and
was borderline cost-effective (ICER $50,000—100,000 per
QALY gained) for patients older than 82 years of age.

Conclusions

Based on currently available data, mechanical throm-
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bectomy performed within 8 hours of stroke onset in-
creases survival by 0.54 QALYs and appears to be a cost-
effective intervention (ICER of $12,000 per QALY gained)
compared with standard nonthrombolytic medical therapy.
This cost-effectiveness estimate should be reassessed once
data from randomized controlled trials of mechanical
thrombectomy become available.
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