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ORIGINAL RESEARCH

Cost-effectiveness of percutaneous closure of a patent foramen ovale compared
with medical management in patients with a cryptogenic stroke: from the US
payer perspective

John J. Volpia, John R. Ridgeb, Mitesh Nakumc, John F. Rhodesd, Lars Søndergaarde and Scott E. Kasnerf

aThe Houston Methodist Institute for Academic Medicine, Houston, TX, USA; bW. L. Gore & Associates, Health Economics, Carmel, IN, USA;
cEnvision Pharma Group, Curo, Marlow, UK; dThe Congenital Heart Center, Medical University of South Carolina, Charleston, SC, USA; eThe
Heart Centre, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark; fUniversity of Pennsylvania, Philadelphia, PA, USA

ABSTRACT
Aims: To evaluate the cost-effectiveness of percutaneous patent foramen ovale (PFO) closure, from a
US payer perspective. Lower rates of recurrent ischemic stroke have been documented following per-
cutaneous PFO closure in properly selected patients. Stroke in patients aged <60 years is particularly
interesting because this population is typically at peak economic productivity and vulnerable to pro-
longed disability.
Materials and methods: A Markov model comprising six health states (Stable after index stroke,
Transient ischemic attack, Post-Transient Ischemic Attack, Clinical ischemic stroke, Post-clinical ischemic
stroke, and Death) was constructed to evaluate the cost-effectiveness of PFO closure in combination
with medical management versus medical management alone. The base-case model employed a
5-year time-horizon, with transition probabilities, clinical inputs, costs, and utility values ascertained
from published and national costing sources. Incremental cost-effectiveness ratio (ICER) was evaluated
per US guidelines, utilizing a discount rate of 3.0%.
Results: At 5 years, overall costs and quality-adjusted life-years (QALYs) obtained from PFO closure
compared with medical management were $16,323 vs $7,670 and 4.18 vs 3.77, respectively. At 5 years,
PFO closure achieved an ICER of $21,049, beneficially lower than the conventional threshold of
$50,000. PFO closure reached cost-effectiveness at 2.3 years (ICER ¼ $47,145). Applying discount rates
of 0% and 6% had a negligible impact on base-case model findings. Furthermore, PFO closure was
95.4% likely to be cost-effective, with a willingness-to-pay (WTP) threshold of $50,000 and a 5-year
time horizon.
Limitations: From a cost perspective, our economic model employed a US patient sub-population, so
cost data may not extrapolate to other non-US stroke populations.
Conclusion: Percutaneous PFO closure plus medical management represents a cost-effective approach
for lowering the risk of recurrent stroke compared with medical management alone.
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Introduction

Epidemiologic data support a relationship between the pres-
ence of a patent foramen ovale (PFO), defined as an embry-
onic defect in the interatrial septum, and cryptogenic
stroke1,2. In a series of studies of cryptogenic stroke patients,
echocardiographic imaging revealed a PFO in 47–56% of the
subjects, compared with only 4–18% in non-cryptogenic
stroke counterparts3.

The mechanism of cryptogenic stroke in PFO is presumed
to be paradoxical embolization of a venous clot into the
arterial circulation. Many studies have explored the hypoth-
esis that closure of the septal defect is an effective therapy
for secondary prevention of recurrent ischemic stroke4. In
these studies, PFO closure has been an adjunctive therapy to

medical management with antiplatelets or anticoagulants5,6.
Early series included surgical repair6–8, but developments in
endovascular technologies have led to the emergence of
transcatheter devices specifically designed for percutaneous
closure of a PFO. Four recently completed randomized con-
trolled trials of such devices found that the stroke incidence
was significantly lower in patients who received PFO closure
as compared with those assigned medical therapy alone9–12.

These results establish the clinical utility of transcatheter
devices for percutaneous closure of a PFO in properly
selected patients; however, we need more studies that
investigate the cost-effectiveness of such devices13–15.
Cryptogenic stroke as a diagnosis, although generally applic-
able to a wide spectrum of stroke patients, is specifically
applicable to younger-aged patients; the mean age at
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enrollment in prior studies was 45 years9,10. Considering that
the average age of first stroke is 70 years, the economic
impact of a stroke in such a young patient population is 2-
fold: it prevents the patient from being a productive member
of the economy at the peak of their employable years, and it
imparts a potential long-term disability cost of many decades
on the healthcare system.

In light of the high costs and societal burden imposed by
stroke in general and this population in particular, we devel-
oped an economic appraisal of a device-based therapy.
Considering the variability in studies and costs, the specific
aim of this analysis is to perform a detailed cost-analysis of
percutaneous closure of a PFO using the GORE CARDIOFORM
Septal Occluder (W.L. Gore & Associates, Flagstaff, AZ) in
combination with standard medical management compared
with standard medical management alone for prevention of
recurrent stroke in cryptogenic stroke patients with PFO. This
analysis assesses whether medical management or a device-
based therapy provides the greatest reduction in neurologic
events at the most affordable price. We submit that this ana-
lysis may assist in guiding clinical practice and physician-
based decisions in optimizing the use of health services.

Methods

Model structure and overview

A Markov cohort model was developed (Figure 1) to assess
the cost-effectiveness of PFO closure by use of the GORE
CARDIOFORM Septal Occluder (in combination with standard
medical management), compared with standard medical
management alone (reference therapy) in a population of
cryptogenic stroke patients with PFO. In line with the
REDUCE trial9,16, standard medical management consisted of
aspirin alone, a combination of aspirin and dipyridamole, or
clopidogrel. Within the Markov model, health states were

based on the presentation of a stable state, severity of
neurologic episodes (i.e. ischemic stroke), or death. In brief,
the model comprised six health states including: stable after
index stroke, transient ischemic attack (TIA), post-transient
ischemic attack (a near-stable state that many patients return
to after a TIA), clinical ischemic stroke, post-clinical ischemic
stroke, and death. The duration of the model cycle was set
at 3months, with this length deemed appropriate for provid-
ing sufficient granularity to capture the outcome of interest
(a composite of recurrent non-fatal ischemic stroke, fatal
ischemic stroke, or early death). Model assumptions, resource
utilization, and unit cost data were acquired from numerous
sources as described in Table 1. The latest healthcare
expenses accounting for treatment and physician costs, long-
term care, as well as first-year medical device costs were pri-
marily derived from RED BOOK and the Centers for Medicare
& Medicaid Services, as well as several other relevant pub-
lished data sources (Table 1)17,18. For the purpose of this
model, outcomes were expressed as costs using 2018 USD
($) per quality-adjusted life-year (QALY).

Transition probabilities and utilities

Transition probabilities were estimated between each health
state in the Markov model in an effort to evaluate the likeli-
hood of transitioning to a different health state at the end of
each model cycle for each treatment arm. Transition proba-
bilities and clinical inputs based on ischemic stroke were
ascertained from a number of recently published
reports9,10,19. Transition probabilities for ischemic stroke were
modeled at the end of the first 3-month cycle. The propor-
tion of patients belonging to each health state beyond
model cycle 1 (i.e. the first 3months) served as a basis for
the transition probabilities applied in subsequent model
cycles. Transition probabilities for the remainder of the

Figure 1. Markov cohort model structure for cost-effectiveness of percutaneous PFO closure. Abbreviation. PFO, patent foramen ovale.
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timeframe were acquired directly from patient-level sources
for each respective time point9,10,19.

Utility values were calculated using the Modified Rankin
Scale, EQ-5D (EuroQol-5 Dimensions) health-related quality-
of-life (HRQoL) classification system, along with a set of
unique HRQoL weights for ischemic stroke, all of which were
extrapolated from several pertinent studies, reviews, and
meta-analyses aimed at investigating HRQoL estimates for
ischemic stroke14,20–22. For the present model, each health
state was assigned a value reflecting both the utility and
costs. The overall costs and utilities of receiving each treat-
ment were estimated by multiplying the number of patients
in each health state at the beginning of each model cycle by
their corresponding utility and cost value, and then summing
across health states and model cycles. HRQoL was further
assessed across each 3-month model cycle over the 5-year
follow-up study duration, with assumptions translated into
utilities that ranged from 0.00 (death) to 0.88 (stable state in

device arm). Five-year QALYs were then calculated using a
combination of the utility and survival data.

Base-case model

We compared the overall costs and effects of the PFO clos-
ure device in combination with standard medical manage-
ment vs standard medical management alone. The base-case
analysis utilizes a 3% discount rate that was applied to both
costs and benefits (i.e. QALYs)23. The model analyzed data
over a 5-year time horizon with an in-use age of �45 years
applied, to reflect the maximum follow-up period and mean
age of patients with a PFO who had had a cryptogenic
stroke in the REDUCE clinical trial9. The model assumes a 5-
year time horizon for the base-case analysis, because this
allows a sufficient length of time to reflect the chronic
nature of clinical ischemic stroke, and captures key costs and
effects related to all treatments that were assessed.

Table 1. Key resource utilization, treatment costs, and clinical utility inputs for the model.
Parameter GOREþMedical

Management
Medical

Management
Reference

Antithrombotic Medication (annual cost)a

Aspirin 325mg per tablet (based on once daily usage) $5.03 $5.03 Red Book 2018
Clopidogrel 75mg per tablet (based on once daily usage) $66.74 $66.74 Red Book 2018
Dipyridamole 200mg with Aspirin 25mg per capsule (based on a twice daily dosage) $3,564.84 $3,564.84 Red Book 2018

Medical device and first-year procedural costs
Cost of GORE CARDIOFORM Septal Occluder (includes cost of GORE device) $9,554.00 – GORE IFU recommendations

Treatment event costs (annual cost)
Clinical ischemic stroke $18,766.00 $18,766.00 Medicare
TIA $6,636.00 $6,636.00 Medicare
Post-TIA $0.00 $0.00 Assumption

Healthcare professional costs
Cost of general practitioner (per visit) $46.00 $46.00 Medicare

Long-term care costs
Post-clinical ischemic stroke cost (annual costs) $5,593.00 $5,593.00 Johnson et al. 201618

Health state utility values
Stable state (medical management) – 0.800 Tirschwell et al. 201814

Stable state (device arm) 0.880 – Tirschwell et al. 201814

Clinical ischemic stroke 0.578 0.578 Pooled; Post et al. 200121;
Luengo-Fernandez et al. 201320

Post-clinical ischemic stroke 0.506 0.506 Luengo-Fernandez et al. 201320

TIA 0.791 0.791 Pooled; Post et al. 200121;
Luengo-Fernandez et al. 201320;
Tengs and Lin 200322

Post TIA 0.791 0.791 As assumed for TIA
Death 0.000 0.000 Expert opinion

Transition probabilities
Recurrent clinical ischemic stroke (quarterly)
PFO closure 0.11% – Sondergaard et al. 20179

Standard medical management – 0.43% Sondergaard et al. 20179

Post-stroke to clinical ischaemic stroke 1.14% 1.14% Amarenco et al. 201619

3-monthly recurrent TIA (quarterly)
PFO closure 0.07% – Sondergaard et al. 20179

Standard medical management – 0.18% Sondergaard et al. 20179

Post-stroke mortality (quarterly)
Annual post-stroke mortality 0.14% 0.14% Amarenco et al. 201619

Mortality from stable state (quarterly)
PFO closure 0.02% – Sondergaard et al. 20179

Standard medical management – 0.00% Sondergaard et al. 20179

All monetary values in US dollars.
GORE Is a registered trademark of W.L. Gore Associates.
aDrug treatments may have included: aspirin (325mg/capsule), a combination of aspirin (25mg/capsule) and dipyridamole (200mg/capsule), or clopidogrel
(75mg/capsule).
Abbreviations. IFU, instructions for use; MDCR, Medicare; NHS, National Health Service; NICE, National Institute for Health and Care Excellence; PFO, patent for-
amen ovale; PSSRU, Personal Social Services Research Unit; TIA, transient ischemic attack; WHO, World Health Organization.
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Serious adverse events

The model accounts for a number of serious adverse events
(SAEs), along with the incurred costs. Data referring to
device-related SAEs were acquired from several pertinent
data sources24,25 and included: costs associated with throm-
bosis on a device, thrombus on the left disk, atrial fibrillation,
and tachycardia. The frequency of patients who experienced
any of these SAEs was low (1.4%), which reflected an overall
cost of $35.15 per-patient SAE. Data based on procedural-
related SAEs and their costs incurred was included24,25. SAEs
that occurred among patients included: anxiety, generalized
right-side weakness, non-cardiac chest pain, intraprocedural
device embolization, arteriovenous fistula, tamponade in
pericardium, chest discomfort due to pericardial effusion,
bleeding from femoral vein access site, groin hematoma, and
post-procedural hypotension. The frequency of experiencing
any of these SAEs was low (2.5%), with associated costs
incurred totaling $121.47 per patient. These adverse event
costs in the model included a low proportion of patients
with “a serious bleeding event” (1.8% in the PFO closur-
eþmedical management arm, 2.7% in the medical manage-
ment only arm) based on the REDUCE trial9. Sondergaard
et al.9 reported that the risks of major bleeding, deep-vein
thrombosis, and pulmonary embolism did not differ signifi-
cantly between the REDUCE study groups. Provision for add-
itional costs associated with major bleeding would make no
difference to the cost-effectiveness model as both arms are
equally affected.

Scenario and sensitivity analyses

The model estimates incremental cost-effectiveness ratios
(ICERs) for a range of scenario analyses to assess key assump-
tions that include: repeating the model according to 3-, 10-,
and 20-year time horizons, as well as applying cost and
benefit discount rates of 0% and 6%, in an effort to inde-
pendently establish whether the chronic nature of stroke
and its associated treatments became more cost-effective
over time through implementation of PFO closure
among patients who had had a cryptogenic stroke. The

cost-effectiveness models assume a willingness-to-pay (WTP)
threshold of $50,000 USD26. Parameter uncertainty was
explored by use of deterministic 1-way sensitivity analyses
(OWSAs) and probabilistic sensitivity analyses (PSAs).
Fundamental model parameters were individually varied over
a suitable range determined by the standard error of each
variable. In the likelihood, a measure of uncertainty was
absent for parameters in OWSAs, the range estimate was cal-
culated as ±10% (user-modifiable) of the point estimate for
costs data, and defined as ±5% of the point estimate for util-
ities. For PSAs, model parameters were allocated a distribu-
tion according to the underlying data. PSAs were conducted
using 2,000 iterations based on a conventional bootstrapping
approach.

Results

Base-case analysis

At 5 years, the overall costs and QALYs for the PFO closure
device compared with standard medical management are
$16,323 vs $7,670, and 4.18 vs 3.77 (Table 2). The incremen-
tal costs and QALYs for the PFO closure device are $8,653
and 0.41, which is cost-effective compared with standard
medical management, with a cost/QALY of $21,049 (Table 2).
The PFO closure device reaches cost-effectiveness compared
with standard medical management at 2.3 years. Compared
with standard medical therapy at this time point, the incre-
mental cost of the PFO closure device was $9,406, with
patients achieving an incremental QALY of 0.20, for a cost/
QALY of $47,145.

Scenario and sensitivity analyses

Using a WTP threshold of $50,000/QALY at a 5-year time
horizon, percutaneous PFO closure by use of the PFO closure
device displayed a 95.4% likelihood of being cost-effective
(Figure 2). The incremental cost and QALYs for the PFO clos-
ure device at a 3-year time horizon are $9,236 and 0.26, with
a cost/QALY of $35,755. The incremental cost and QALYs at
10 years are $6,655 and 0.76, for a cost/QALY of $8,753; the

Table 2. Economic model results for the cost-effectiveness of percutaneous PFO closure.
Treatment Total Cost Total QALY Incremental cost Incremental QALY ICER (Cost/QALY)

Base-case (5-year time horizon)
Standard Medical Management $7,670 3.77 Reference Reference Reference
GORE CARDIOFORM Septal Occluder $16,323 4.18 $8,653 0.41 $21,049

3-year time horizon
Standard Medical Management $4,674 2.45 Reference Reference Reference
GORE CARDIOFORM Septal Occluder $13,910 2.71 $9,236 0.26 $35,755

10-year time horizon
Standard Medical Management $15,013 6.47 Reference Reference Reference
GORE CARDIOFORM Septal Occluder $21,668 7.23 $6,655 0.76 $8,753

20-year time horizon
Standard Medical Management $26,771 9.69 Reference Reference Reference
GORE CARDIOFORM Septal Occluder $29,182 10.97 $2,412 1.27 $1,894

Discount Rate: 0% (costs and benefits)
Standard Medical Management $8,130 3.98 Reference Reference Reference
GORE CARDIOFORM Septal Occluder $16,701 4.42 $8,570 0.43 $19,707

Discount Rate: 6% (costs and benefits)
Standard Medical Management $7,260 3.59 Reference Reference Reference
GORE CARDIOFORM Septal Occluder $15,986 3.98 $8,726 0.39 $22,380
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incremental cost and QALYs at 20 years are $2,412 and 1.27,
with a cost/QALY of $1,894 (Table 2). Applying discount rates
of 0% and 6% had a negligible impact on the base-case
model findings (Table 2). OWSAs across a 5-year time horizon

revealed the results of both treatments were predominantly
influenced by stable state utilities (Table 3 and Figure 3). The
costs per QALY ranged from $14,013 to $42,367 as utilities of
the stable state varied from 0.924 to 0.836 within the PFO

Figure 2. Acceptability curve for the probability of percutaneous PFO closure to be cost-effective at the willingness-to-pay threshold on the x-axis. Acceptability
curve assessed at a 5-year time horizon. Abbreviation. PFO, patent foramen ovale.

Table 3. One-way sensitivity analysis for the cost-effectiveness of percutaneous closure of a patent foramen ovale at a 5-year time-horizon.
Parameter Base Input Lower Value Upper Value Reference

Antithrombotic Medication (annual cost)
Aspirin 325mg per tablet (based on once daily usage) $5.03 $4.52 $5.53 ±10%
Clopidogrel 75mg per tablet (based on once daily usage) $66.74 $60.07 $73.42 ±10%
Dipyridamole 200mg with Aspirin 25mg per capsule (based on a twice daily dosage) $3,564.84 $3,208.36 $3,921.32 ±10%

Medical device and first-year procedural costs
Cost of GORE CARDIOFORM Septal Occluder (includes cost of GORE device) $9,554 $8,598.60 $10,509.40 ±10%

Treatment event costs (annual cost)
Clinical ischemic stroke $18,766.00 $16,889.40 $20,642.60 ±10%
TIA $6,636.00 $5,972.40 $7,299.60 ±10%
Post-TIA $0.00 $0.00 $0.00 ±10%

Healthcare professional costs
Cost of general practitioner (per visit) $46.00 $41.40 $50.60 ±10%

Long-term care costs
Post-clinical ischemic stroke cost (annual costs) $5,593.00 $5,033.70 $6,152.30 ±10%

Health state utility values
Stable state (medical management) 0.800 0.760 0.840 ±5%
Stable state (device arm) 0.880 0.836 0.924 ±5%
Clinical ischemic stroke 0.500 0.475 0.525 ±5%
Post-clinical ischemic stroke 0.530 0.504 0.557 ±5%
TIA 0.791 0.751 0.831 ±5%
Post-TIA 0.791 0.751 0.831 ±5%
Death 0.000 0.000 0.000 n/a

Transition probabilities
3-monthly recurrent clinical ischemic stroke
PFO closure 0.11% 0.02% 0.20% Sondergaard et al. 20179

Standard medical management 0.43% 0.18% 0.68% Sondergaard et al. 20179

Post-stroke to clinical ischaemic stroke 1.14% 0.84% 1.44% Amarenco et al. 201619

3-monthly recurrent TIA
PFO closure 0.07% 0.00% 0.14% Sondergaard et al. 20179

Standard medical management 0.18% 0.02% 0.34% Sondergaard et al. 20179

3-monthly post-stroke mortality
Annual post-stroke mortality 0.14% 0.03% 0.24% Amarenco et al. 201619

3-monthly mortality from stable state
PFO closure 0.02% 0.00% 0.06% Sondergaard et al. 20179

Standard medical management 0.00% 0.00% 0.00% Sondergaard et al. 20179
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closure device arm, and from $14,628 to $37,593 as the util-
ity values assigned to the stable state varied from 0.840 to
0.760 within the standard medical management arm (Figure
3). When assessing joint parameter uncertainty through
PSAs, a cost-effectiveness acceptability curve demonstrated
that PFO closure using the PFO closure device was cost-
effective over varying WTP thresholds (Figure 4).

Discussion

In a properly selected population of US patients with crypto-
genic stroke and PFO, device closure utilizing the GORE
CARDIOFORM Septal Occluder in combination with standard
medical management is cost-effective compared with
standard medical management alone at 2.3 years. The

cost-effectiveness of PFO closure increases over time, as
shown at 3-, 5-, 10-, and 20-year time horizons, because
there are incrementally more TIAs, clinical ischemic strokes,
and ultimately deaths in the “medical management only”
arm compared with PFO closureþmedical management.

The aim of this study was to model the GORE
CARDIOFORM Septal Occluder based on the REDUCE study
population and outcomes. As device utilities and prices vary,
a comparison with other devices was not part of the study
scope. Nonetheless, the present study is consistent with the
literature on other economic evaluations related to PFO clos-
ure, which have also demonstrated cost-effectiveness. In one
such analysis, a 15-year time horizon was used in combin-
ation with a meta-analysis of five randomized controlled
trials from the perspective of a US payer15. That study
determined that PFO closure for cryptogenic stroke is

Figure 3. One-way sensitivity analysis for the cost-effectiveness of percutaneous PFO closure at a 5-year time horizon. Abbreviations. QALY, quality-adjusted life-
years; TIA, transient ischemic attack.

Figure 4. Cost-effectiveness acceptability curve for evaluating the cost-effectiveness of percutaneous closure of a patent foramen ovale by use of the GORE
CARDIOFORM septal occluder. The orange data point indicates the mean incremental cost ($8,643) and quality-adjusted life-years (QALY; 0.41).
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cost-effective, with a benefit in QALYs gained alongside
improved cost savings15. Similar to the present study,
another cost-effectiveness model found PFO closure was
cost-effective at 2.6 years13.

As with any procedure-based intervention, the key eco-
nomic question is whether the high upfront cost of the
device prevents future costs. Both our model and others pre-
dict that, over time, patients who receive medical therapy
alone tend to encounter more adverse events leading to
higher medication expenses, which at 2–3 years exceed the
cost for PFO closure.

Other non-US healthcare system models have also been
established. From a UK perspective, the cost-effectiveness of
PFO closure using the AMPLATZER PFO Occluder (St Jude
Medical, St Paul, MN) plus medical therapy vs medical ther-
apy alone achieved cost-effectiveness at 4.2 years14. Similar
to our model, the benefit of PFO closure derives from reduc-
ing recurrent neurologic episodes and improving
HRQoL9,10,14. The difference in time to cost-effectiveness
between these UK and US models may be determined by
various factors, including differences in health system costs,
procedure costs, and potentially a difference in device per-
formance. Analysis of these variables is outside the scope of
the current study. However, to summarize the base case
parameters of the current model, the cost of the entire PFO
closureþmedical management protocol, including the
device, is $9,554. This includes the cost of the device plus
pre-operative, peri-operative, and post-operative costs. Post-
operative costs include two office visits made during the first
year post-discharge with a cardiologist. After the first year,
patients are discharged to their primary care physician, with
no ongoing cardiology follow-up. Ongoing prescription ther-
apy includes indefinite antiplatelet therapy. Medical manage-
ment costs alone are lower, but the effectiveness of this
strategy gives way to increased risk of clinical ischemic
stroke and TIA, which costs substantially more than PFO
device closure.

Stroke remains the leading cause of long-term disability
and imposes a substantial economic burden on patients and
the healthcare system27–29. In the US, the overall direct and
indirect costs of stroke are anticipated to reach � $185 bil-
lion by 203029, and $2.2 trillion by 205030. Most of these
expenditures are direct costs related to hospitalization,
rehabilitation, medication use, and physician services29.
Nonetheless, one study found that the median proportion of
indirect costs attributable to stroke (e.g. loss in work prod-
uctivity) was considerable, reflecting 32% of the overall cost
of stroke27. As a result, the rise in indirect costs due to stroke
will persist, owing to the relatively young age of cryptogenic
stroke patients. While stroke patients in this younger age
strata are more likely to survive their subsequent stroke, it is
this survival with long-term disability that leads to consider-
able indirect costs from home care and lost work productiv-
ity14,30. It is estimated that 1,100 individuals in their prime
working years in the US are disabled by cryptogenic PFO-
related stroke each year13.

Efforts to prevent stroke and thereby alleviate the direct
and indirect costs attributable to this chronic condition are

beneficial to patients and their healthcare system. Despite
the initial costs, PFO closure using the PFO closure device
not only lowers the rate of recurrent ischemic stroke9, but
offsets the overall costs attributable to stroke in the long-
term when compared with medical management alone. On
this basis, the clinical and economic utility of the GORE
CARDIOFORM Septal Occluder as an interventional tool for
stroke prevention is particularly beneficial among stroke
patients who recover to independence after their index
stroke, as it can prevent decades of costs and lost work asso-
ciated with a subsequent stroke.

Limitations

From a cost perspective, our economic model employed a
US patient sub-population, so cost data may not extrapolate
to other non-US stroke populations. Certain device-related
complications (e.g. atrial fibrillation) occurred within the PFO
closure group9; because these events were rare in the pivotal
study, they require further surveillance and investigation to
understand the risks and costs associated with them. In this
model, difficulties were encountered when attempting to
classify the various types of clinical ischemic stroke. The
REDUCE trial was unable to define stroke severity or rehabili-
tation directly, and these outcomes had to be imputed from
the extant literature, which may have influenced the prob-
ability of reaching a certain health state within the Markov
model and could have affected subsequent cost implications.
Information regarding the indirect costs that might have
been incurred by stroke were not accounted for in this eco-
nomic analysis. In general, studies comprising data that pro-
vide a comprehensive description of the indirect costs that
are accrued due to stroke are scarce. Thus, efforts to quantify
the indirect economic burden associated with stroke are
urgently needed to facilitate prospective cost analyses that
aim to establish a robust estimate of the overall costs
incurred as a consequence of stroke.

Conclusions

From a US healthcare perspective, percutaneous closure of a
PFO with the GORE CARDIOFORM Septal Occluder plus
standard medical management represents a cost-effective
approach for lowering the risk of recurrent PFO-related
cryptogenic stroke compared with standard medical manage-
ment alone.
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