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Michael Chen ABSTRACT

Though rarely considered in the clinical decision algorithm, issues of cost-effectiveness as-
sume critical importance for the sustainability of a widely used therapy that entails consider-
able cost and has unproven benefit. Although current data are limited, we review the studies
that have demonstrated via modeling that endovascular stroke treatment may generate sig-
nificant future economic benefits, even if these treatments have a high price and result in
relatively small initial reductions in disability. We highlight important considerations that, on
the basis of the logistics and protocols of current neuroendovascular practices, should be
included in future cost-effectiveness analyses of endovascular therapy for acute ischemic
stroke. Neurology® 2012;79 (Suppl 1):S16–S21

GLOSSARY
IA � intra-arterial; ICER � incremental cost effectiveness ratio; LVO � large vessel occlusion; MERCI � Mechanical Embolus
Removal in Cerebral Ischemia; mRS � modified Rankin Scale; NIHSS � NIH Stroke Scale; PROACT � Prolyse in Acute
Cerebral Thromboembolism; QALYs � quality-adjusted life-years; SWIFT � SOLITAIRE FR With the Intention For Thrombec-
tomy; tPA � tissue plasminogen activator; TREVO2 � Randomized Trial Evaluating Performance of the Trevo Retriever
Versus the Merci Retriever in Acute Ischemic Stroke.

Of the many strategies that reduce the burden of stroke on society, including prevention
measures, acute intra-arterial (IA) therapies have received a considerable amount of attention.
Medicare has prioritized our health care resources toward acute endovascular stroke ther-
apy, as demonstrated by higher diagnosis-related group reimbursements. The private sec-
tor also sees acute interventional therapies as an area of growth, as seen by the number of
start-up companies designing a plethora of IA stroke devices. Many hospitals feature their
stroke programs over others and invest heavily in services that can deliver on acute inter-
ventional stroke care.

At first glance, the upfront costs of delivering acute IA stroke therapy seem to be well
accounted for by the long-term savings in reduced use of nursing home or rehabilitative care.
However, this assumption may not be accurate in that only a minority of patients who undergo
this therapy actually see a meaningful clinical benefit.1 There are also those patients who may
spontaneously recanalize without the need for endovascular treatment. Furthermore, there is
not currently a randomized clinical trial that demonstrates clinical efficacy of primarily me-
chanical devices for acute stroke therapy. Therefore, clinical effectiveness, let alone cost-
effectiveness, has yet to be proven or determined.

Many models have been developed that have a considerable number of assumptions built in
that seem to demonstrate cost-effectiveness. Previously published studies have used models
constructed to analyze the cost-effectiveness of IV thrombolytics on functional outcome. As a
preliminary step, these models may be applied to study the effect of endovascular stroke ther-
apy on reducing disability. With this information, the direct costs of providing this therapeutic
option can then be compared in parallel with the cost savings of reducing disability in patients
with severe strokes. These determinations may further help identify the costliest components of
delivering stroke care and thereby allow effective strategies to address them. Although current
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data are limited, we will review the studies
that have, via modeling, demonstrated that
endovascular stroke treatment may generate
significant future economic benefits, even if
these treatments have a high price and result
in relatively small initial reductions in disabil-
ity. We also will highlight important consid-
erations that, on the basis of the logistics and
protocols of current neuroendovascular prac-
tices, should be included in future cost-
effectiveness analyses of endovascular therapy
for acute ischemic stroke.

BACKGROUND In 1993 the Stroke Prevention Pa-
tient Outcomes Research Team estimated the total
annual economic burden of stroke to be $30 billion
(US dollars).2 In an analysis of the aggregate lifetime
cost of stroke, acute care costs in the first 2 years
accounted for 45% of total costs, long-term ambula-
tory costs for 35%, and nursing home costs for
17.5%, suggesting a strong relationship between se-
verity of disability and direct care costs.

Seventy-two consecutive inpatients with ischemic
stroke underwent CT angiography of the brain, and
it was found that intracranial large-vessel occlusion
(LVO)—involving the vertebral, basilar, or middle
cerebral artery or the carotid terminus—indepen-
dently predicted a poor neurologic outcome at hospi-
tal discharge. More important, though, was that only
15% of patients with LVO had a favorable neuro-
logic outcome at 30 days.3

Although the findings may seem obvious, a pro-
spective study in Europe of 435 consecutive patients
found that modified Rankin Scale (mRS) score at
hospital discharge was directly related to overall costs
over the subsequent 18 months.4 The costs of caring
for a patient with stroke whose mRS score is 4 or 5
(severe dependency) was 3-fold higher than for a pa-
tient with an mRS score of 2 or less, and it was 70%
higher than for a patient with an mRS score of 3.

The presence of an LVO and, therefore, handicap
level, as opposed to the patient’s age and stroke sub-
type, is potentially modifiable with IA therapies.
Therefore, patients with LVO are expected to have
severe disability and to need the most resources for
care. Acute endovascular stroke therapy is specifically
designed to recanalize LVO, restoring blood flow,
with the hope of minimizing the ischemic penumbra
and leading to reduced future disability and total
costs.

TERMINOLOGY In order to measure the cost-
effectiveness of acute endovascular stroke therapy, a
treatment alternative needs to be determined, which

may represent either IV thrombolysis or no thromboly-
sis. A decision tree is then constructed to compare the 2
treatment options. At the most fundamental level, both
the costs and benefits of the 2 treatment alternatives
need to be compared.

Costs can be divided into those that are shared
and those that are unique to IA stroke therapy.
Shared costs include basic hospitalization costs, reha-
bilitation costs, and possible long-term care costs.
Costs unique to IA stroke therapy may include rapid
hospital triage and imaging, helicopter transport, and
endovascular procedure costs, including the cost of
catheter-based devices that are used. Obviously,
though, future rehabilitation or long-term care will
account for the bulk of the costs.

Indirect costs also need to be included in this
analysis. One study looking at indirect stroke costs
applied a human capital approach, which measures
the value of foregone productivity attributable to
premature morbidity and mortality.2 Using these cal-
culations, the researchers found that indirect costs
accounted for more than 82% of the lifetime cost of
stroke for patients less than 45 years of age and ac-
counted for 48% of the total for patients less than 65
years of age. Indirect costs should therefore be re-
garded as being nearly as much as direct medical
costs, and greater costs are associated with younger
patients.

Clinical effectiveness in stroke is often measured
via the effect a given treatment has on the level of
disability at some future date, and the mRS is a fre-
quently used outcome measure. The difference in
clinical outcome conferred by IA stroke therapy over
either IV or no therapy has yet to be determined.
Thus, recanalization rates, which are easier to mea-
sure, have been used as a surrogate outcome measure
after thrombolysis.5 This is a fundamental limitation
in any cost-effectiveness analysis, because clinical ef-
fectiveness is unknown.

Cost-effectiveness, therefore, considers both the
clinical effectiveness of the health care intervention as
well as the costs required to deliver the intervention.
Quality-adjusted life-years (QALYs) are usually the
main outcome in these types of analyses. They are cal-
culated by multiplying the time spent in each health
state by the value assigned to the particular health state.6

The values used to numerically score the desirability of
various health states are termed utilities, with a range of
0 (death) to 1 (perfect health). These values are often
assigned by experts or based on feedback elicited from
patients. One review study proposed a QALY of 0.74
(with a range of 0.55 to 0.92) for an mRS score of 2 or
less and a QALY of 0.40 (with a range of 0.30 to 0.50)
for an mRS score of 3 to 5.7
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Finally, the incremental cost-effectiveness ratio
(ICER) is the ratio that combines cost and QALY,
which is calculated by dividing the difference in costs
by the difference in QALYs. In general, interventions
are considered cost-effective if the ICER is less than
$50,000 per QALY gained and borderline cost-
effective if the ratio is between $50,000 and
$100,000 per QALY gained.8 However, this value
was first determined in 1982 on the basis of the cost-
effectiveness ratio calculated for the use of dialysis in
patients with chronic renal failure. Some researchers
suggest this threshold is too low and that in fact there
should be a substantially higher monetary value
placed on 1 year of life without morbidity.9

Another study illustrates the complexity inherent
in using disability as an outcome measure. Prior sur-
veys of patients with symptomatic stroke led to a
quality-of-life factor of 0.66, which means that these
patients would trade 10 years of life with their dis-
ability for 6.6 years of life without disability.10

PRIOR COST-EFFECTIVENESS STUDIES OF
IV THROMBOLYTICS The proven clinical effec-
tiveness of IV tissue plasminogen activator (tPA)
for acute ischemic stroke led to US Food and Drug
Administration approval in 1996.11 IV tPA has
also been shown to be cost-effective for patients
with stroke in both the United States and Canada.
It was reported that in the United States,12 the
average cost of tPA was $2,230; of inpatient reha-
bilitation, $21,233; and of nursing home care,
$39,996 yearly. Using a Markov model, the re-
searchers found that in the treatment group, for
every 1,000 eligible patients treated, hospitaliza-
tion costs increased by $1.7 million, rehabilitation
costs decreased by $1.4 million, and most signifi-
cantly, nursing home costs decreased by $4.8 mil-
lion. Multi-way sensitivity analyses showed a 90%
probability of cost savings and 564 QALYs saved
over 30 years per 1,000 patients (table 1).12

The Canadian Institute of Health Information data-
base13 was used to evaluate 55,841 stroke cases occur-
ring in 1999. The researchers reported a cost-savings

estimate for 2005 of $678 (Canadian) per tPA-treated
patient with acute ischemic stroke during the first post-
treatment year. Based on their rate of tPA use (1.4%),
the estimated national cost savings for Canada for
tPA-treated acute strokes after the first year was
greater than $500,000 (Canadian). Adjusting for a
biannual 2% point inflation shows that greater than
$750,000 (Canadian) could be saved during just the
first year after stroke. Optimistically, if 20% of pa-
tients with ischemic stroke received tPA, then greater
than $7.5 million (Canadian) could be saved nation-
wide in the first years, without even including poten-
tial reduced indirect costs, which were not included
in this analysis.13

IA THROMBOLYTIC COST-EFFECTIVENESS
MODELS A true cost-effectiveness analysis can be
performed only when a given treatment has been
proven to be clinically effective. The Prolyse in Acute
Cerebral Thromboembolism (PROACT) II trial14

did demonstrate clinical effectiveness, but it used
intra-arterially administered urokinase exclusively.
Current neuroendovascular stroke practices, particu-
larly with the use of mechanical devices and treat-
ment of lesions other than M1 occlusions, are quite
different. Because endovascular mechanical stroke
therapy, as it is largely practiced today, has not yet
been proven in a randomized trial to yield a clinical
benefit, true cost-effectiveness analyses are not yet
available.

Costs. Despite limitations on accurately determining
clinical benefit, costs have been more accurately de-
termined in recently published literature. Most dol-
lar figures are actual charges to the hospital, which
we will take as an approximation of the cost. It
should be obvious that individual and institutional
costs of delivering endovascular acute stroke therapy
are substantial, requiring significant upfront invest-
ment by hospitals for staffing at all hours and device
inventory. The charges for helicopter transport, a ser-
vice commonly used at most busy stroke centers for
thrombolysis candidates, have been estimated at
$3,749.15 The professional and technical charges as-
sociated with diagnostic cerebral angiography total
about $1,500.7 A 50-mg vial of tPA, for potential IA
administration, is nearly $1,400.12 Hospital charges
for the Merci retriever device are $2,950; for a com-
patible microcatheter, $475; for a distal access cathe-
ter, $800; and for a balloon-guided catheter, $675.
On average, 2 retrievers are used per case (personal
correspondence). The charges for each Penumbra
reperfusion catheter and separator are approximately
$1,050 and $2,200, respectively, and again, 2 full
systems generally are used per stroke intervention
(personal correspondence). The Penumbra Neuron

Table 1 The effect of IV tPA on acute and
long-term care, in comparison
with placebo12

Cost variable IV tPA Placebo p Value

Mean length of stay, d 10.88 12.41 0.02

Disposition, % 0.002

Discharged to home 48 36

Discharged to rehabilitation 29 37

Discharged to nursing home 7 13

Abbreviation: tPA � tissue plasminogen activator.
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guide catheter is about $800 (personal correspon-
dence). Therefore, as a rough estimate, an endovas-
cular acute stroke procedure adds on at least $10,000
to the cost of caring for that patient.

A true cost calculation must include the resources
needed to maintain the constant availability, at all
hours, of the physician, nurse, technician, and anes-
thesiologist. Furthermore, often patients are trans-
ported by helicopter and undergo specific imaging
studies (particularly perfusion imaging) because of
this acute triage. Furthermore, sometimes the on-call
team is activated, only to find that because of physi-
ologic imaging, time constraints, or other access is-
sues during angiography, the patient does not end up
undergoing endovascular thrombolysis. These cases
nevertheless incur the significant acute triage costs, as
a part of the intention to treat.

Benefit. The next logical variable that needs to be
quantified in this analysis is the clinical benefit of
IA, particularly mechanical, acute stroke therapy.
Currently published prospective studies of single-
arm mechanical devices lack a control group and a
primary outcome that directly measures clinical
effectiveness.

The Multi-MERCI (Mechanical Embolus Re-
moval in Cerebral Ischemia)16 and Penumbra17 trial
results provide the largest and best representation of
current IA stroke therapy practice in that, when pos-
sible, IV thrombolytics are given prior to attempting
IA thrombolysis. As demonstrated in table 2, in the
Multi-MERCI trial, 36% of treated patients had a
30-day mRS score less than or equal to 2. Although
this seems less robust when compared to similar out-
comes of the IV tPA11 and PROACT II14 treatment
groups, the median NIH Stroke Scale (NIHSS)
scores in the Multi-MERCI group and the Penum-
bra group were considerably higher, and both trials

also included patients with basilar and carotid termi-
nus occlusions.

The best information we have regarding the natu-
ral history of patients with an LVO would be from
the PROACT II control group, where 25% had an
mRS score less than or equal to 2.14 A more represen-
tative control group, one that included not only
proximal middle cerebral artery occlusions but also
carotid terminus and basilar occlusions, would likely
have even fewer patients with a favorable clinical out-
come. In the previously cited study of 72 consecutive
patients with ischemic stroke, only 15% of those
with LVO not treated with thrombolysis ultimately
had a favorable neurologic outcome.3 This may be
another piece of information that suggests what one
might expect for a patient who is a candidate for IA
stroke therapy but does not receive treatment. On
the basis of the National Institute of Neurological
Disorders and Stroke placebo group, which included
many patients without LVO (as represented by the rel-
atively lower average NIHSS scores on admission),12 the
percentage of cases having a favorable outcome without
treatment could be as high as 20%.11

Therefore, the best approximation of the degree
of clinical benefit would be modest at best, and it
may be very much dependent on patient selection.
The current data, which inherently measure the ini-
tial clinical outcomes, suggest the clinical benefit to
be modest at best.

Modeling cost-effectiveness analysis. There have been
published models designed to determine the cost-
effectiveness of acute endovascular stroke therapy but
that are based on key assumptions. A study modeling
a theoretical cost-effectiveness analysis of mechanical
thrombectomy used a hypothetical 67-year-old, IV-
ineligible patient treated with a Merci retriever sys-
tem (Concentric Medical, CA) and compared this
with the same patient treated with standard medical
therapy according to American Stroke Association
guidelines.7 It is unclear from their methods whether
the researchers in fact chose a control case that had a
large artery occlusion rather than an “average” isch-
emic stroke. The nature of the vascular occlusion
would clearly play an important role in determining
future costs. A Markov cost-effectiveness model was
built to compare the 2 treatment approaches. As-
sumption of outcome was based on prior clinical tri-
als, for example, a recanalization rate of 60% in the
mechanical group vs 18% in the medical group, and
a good clinical outcome of 36% in the mechanical
group with an intracranial hemorrhage rate of
7.8%.16 Clearly, the use of recanalization as a surro-
gate for differences in clinical outcome may not be
entirely accurate.

Table 2 Example of cost-effectiveness of
acute ischemic stroke mechanical
thrombectomy, according to
recanalization rate vs thrombolytic
for coronary artery disease therapy

Disease treatment approach
ICER cost per
each QALY

Acute ischemic stroke thrombectomy

48% recanalization rate $23,385

60% recanalization rate $12,120

84% recanalization rate $3,946

Thrombolytic therapy for coronary disease $32,700

Coronary artery bypass graft $18,700

Abbreviations: ICER � incremental cost-effectiveness ra-
tio; QALY � quality-adjusted life-year.7
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Nevertheless, the mean cost for endovascular
treatment was $24,154, in comparison with
$6,749 for standard medical therapy. The annual
care for dependent, independent, and recurrent
strokes was the same across the 2 groups. The
study showed 2.37 QALYs gained in the mechani-
cal thrombectomy group, vs 1.83 QALYs gained
with standard medical therapy. This translated to
an ICER of $12,120 for each increase by 1.0
QALY, by implementing mechanical thrombec-
tomy, a finding that clearly suggests this is cost-
effective, whichever range one would decide to be
accurate. In comparison, coronary artery bypass
graft and thrombolytic therapy for coronary artery
disease were associated with ICERs of $18,700
and $32,700, respectively (table 2).7

FUTURE DIRECTIONS The currently published
models clearly make significant assumptions on clin-
ical benefit, but they do capture accurate data on
costs. The results from the SOLITAIRE™ FR With
the Intention For Thrombectomy (SWIFT) Study
(NCT01054560) and Randomized Trial Evaluating
Performance of the Trevo Retriever Versus the Merci
Retriever in Acute Ischemic Stroke (TREVO2)
(NCT01270867) will provide additional prospec-
tive, standardized data on patient outcomes after me-
chanical thrombolysis. This will also represent a
more modern practice pattern whereby patient selec-
tion has improved, all LVOs are included, and the
most current iterations of mechanical thrombectomy
devices are used, possibly contributing to even better
patient outcomes. Future models should include the
costs involved with acute triage, including helicopter
transport, perfusion imaging, and staffing. Indirect
costs should also be included.

The NIH-funded Interventional Management
of Stroke Trial III, which has enrolled nearly 600
of the planned 900 subjects, plans to prospectively
determine the cost-effectiveness of the combined
IV/IA approach as compared with standard IV re-
combinant tPA. The trial will measure the ex-
pected differences in hospital costs, cumulative
health care costs over the first year, and differences
in subjects’ value of their quality of life over 12
months. From these measures, researchers will cal-
culate ICERs and cost increases/cost offsets due to
the differences in therapy.18

In the future, with improved patient selection, the
clinical benefits should be more robust in that fewer
procedures are performed in patients who have estab-
lished infarcts. With improvements in device safety
and efficacy along with operator experience, we
should see shorter and safer procedure durations,
which may mean the use of fewer devices; if com-

bined with better clinical outcomes, this will further
improve cost-effectiveness. A cost-effectiveness anal-
ysis appears to be most appropriate when a therapy
has matured in its limits of therapeutic efficacy. Our
understanding of acute stroke pathophysiology, pa-
tient selection, system organization, device function-
ality, and other treatments is clearly still in its
infancy.
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