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Background: In 2019, there were 28. 76 million patients with stroke in China,
with ~25% of them suffering from cryptogenic stroke (CS). Patent foramen
ovale (PFO) is related to CS, and PFO closure can reduce recurrent stroke.
To date, no study has investigated the cost-effectiveness of PFO closure vs.
medical therapy among such populations in China.

Methods: A Markov model with a cycle length of 3 months was established to
compare the 30-year cost-effectiveness of PFO closure and medical therapy.
The transition probability of recurrent stroke was derived from the RESPECT
study, and the costs and utility were obtained from domestic data or studies
conducted in China. The primary outcome of this study was the incremental
cost-effectiveness ratio (ICER), which represents the incremental cost per
quality-adjusted life year (QALY). PFO closure was considered cost-effective
if the ICER obtained was lower than the willingness-to-pay (WTP) threshold
of 37,654 USD/QALY; otherwise, PFO closure was regarded as not being
cost-effective. One-way and probabilistic sensitivity analyses were performed
to test the robustness of the results.

Results: After a simulation of a 30-year horizon, a cryptogenic stroke patient
with PFO was expected to have QALY of 13.15 (15.26 LY) if he received PFO
closure and a corresponding value of 11.74 QALY (15.14 LY) after medical
therapy. The corresponding costs in both cohorts are US $8,131 and US
$4,186, respectively. Thus, an ICER of 2783 USD/QALY and 31264 USD/LY was
obtained, which is lower than the WTP threshold. One-way and probabilistic
sensitivity analyses showed that the results were robust.

Conclusion: With respect to the WTP threshold of three times per capita
GDP in China in 2021, PFO closure is a cost-effective method for Chinese
cryptogenic stroke patients with PFO, as shown in the 30-year simulation.

patent foramen ovale closure, PFO, PFO closure, cryptogenic stroke, patent foramen
ovale
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Introduction

Stroke is a significant public health problem that leads to
early death and long-term disability (1). Although age-standard
mortality rates have decreased in the past two decades, the
absolute number of population and stroke-related deaths is
increasing, especially in low- and middle-income countries (2).
It was estimated that ~7.2 million adults in America self-report
having had a stroke (3) and that 28.76 million people were
reported to have the condition in China (4).

It was reported that, among the total number of ischemic
strokes, cryptogenic stroke (CS) accounted for about 25% of all
stroke cases, which may climb up to 50% in younger patients
with stroke (5, 6). CS is an exclusive diagnosis referring to
a stroke whose cause cannot be determined after extensive
evaluation using various modern examination methods (7).
However, extensive research found that patent foramen ovale
(PFO) is related to CS, and paradoxical embolization through
PFO is a significant cause of undefined cerebral infarction in
young- and middle-aged patients (8, 9). Each year, there are
~18,000 adults under 60 years of age in the United States and
345,000 patients worldwide with PFO and embolic stroke of
undetermined source (10). Although there is no exact number
of CS patients with PFO in China, the number is estimated to be
large, given the large population of patients with stroke in China.

A meta-analysis including six randomized controlled trials
(RCT) showed that transcatheter PFO closure could reduce the
risk of recurrent CS by 58% in patients under 60 years of age
(11). Similarly, in a Chinese retrospective cohort study, the 3-
year cumulative stroke recurrence rates were 11.48% and 0% in
the medical therapy and PFO closure groups of CS patients with
PFO, respectively (12). He et al. analyzed data from a hospital in
China. They found that PFO closure was safe with no procedure-
related deaths, strokes, or transient ischemic attacks (TTA), and
the annual risk of recurrent ischemic stroke or TIA was 0.457%,
comparable to the rate of 0.58% reported in the RESPECT study
(13). Given the potential benefit of PFO closure in patients with
CS, the Chinese expert consensus on the preventive closure of
PFO recommended PFO closure for patients with CS (6), and
it has been reported that there were over 21,000 PFO closure
procedures in China in 2021 (14).

Cost-effectiveness analysis is a method that balances the
cost and benefit of a new treatment compared to that of the
traditional treatment. The incremental cost is defined as the
difference between the cost of a new treatment and that of
the traditional treatment, and incremental effectiveness is the
difference between the effectiveness of a new treatment and that
of the traditional treatment. The incremental cost-effectiveness
ratio (ICER) is the ratio of incremental costs to incremental
effectiveness. The new treatment is considered cost-effective if
the ICER is lower than the willingness-to-pay (WTP) threshold,
a parameter often set by the government or the Association
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FIGURE 1
Possible state transition in the Markov model with a cycle length
of 3 months.

for Pharmacoeconomic Evaluation and varies among countries.
This present study analyzed the cost-effectiveness of PFO closure
vs. medical therapy alone to guide Chinese doctors in their
choice of treatment plans for CS patients with PFO.

This study aimed to evaluate the cost-effectiveness of
percutaneous device-based PFO closure vs. medical therapy
alone in CS patients with PFO from the perspective of medical
payers. Owing to disability and a substantial reduction in
income, young and middle-aged patients with stroke incur
higher medical costs for the rest of their lives (15, 16). Hence, an
appropriate therapeutic method to decrease stroke recurrence is
of great significance in these populations.

Methods

Model overview

We used a Markov model to compare the long-term cost and
effectiveness of percutaneous PFO closure vs. medical therapy
alone based on a previously published model submitted to
the UK National Institute for Health and Care Excellence in
2017 (17). In brief, there were four health states in the model,

»

including “Stable state,” “Post-recurrent minor stroke,” “Post-
recurrent moderate stroke,” and “Dead.” A minor stroke was
defined as the Modified Rankin Scale (mRS) score of < 2, and
a moderate stroke was defined as an mRS score of >3. The
cycle length of the model was 3 months, and patients would be
cycled in the model until death or the time horizon of the model,
which was set at 30 years. The details of the model are shown
in Figure 1.

All analyses were performed using TreeAge Pro 2011
software (TreeAge Software, Inc., Williamstown, MA, USA).
Additionally, a half-cycle correction was used to avoid
overestimating cost and effectiveness (18).
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Population

The target population of the present study was a hypothesis
cohort in China with similar baseline characteristics to those in
the RESPECT study (15). In the RESPECT study, the patients
had a mean age of 46 years, ranging from 18 to 60 years,
had a cryptogenic ischemic stroke, and PFO was confirmed
by transesophageal echocardiography. They were randomly
allocated to receive percutaneous PFO closure or medical
therapy alone and were followed up for 5.9 years. In the PFO
closure cohort, an Amplatzer PFO Occluder was implanted in
patients with PFO, and 81-325mg of aspirin plus 75mg of
clopidogrel was prescribed to be taken daily for one month after
the procedure, followed by 100 mg of aspirin monotherapy for
5 months. The patients received aspirin, warfarin, clopidogrel,
or aspirin combined with extended-release dipyridamole in the
medical therapy cohort.

Input parameters

All the input parameters used for base case analysis are
shown in Table 1.

Transition probability

The transition probability of recurrent stroke was derived
from the RESPECT study, as there are no reports on the
incidence of recurrent stroke in Chinese patients with CS and
PFO. In the RESPECT study, the rate of recurrent stroke was
0.58 per 100 patient-year in the PFO closure cohort and 1.07
in the medical therapy cohort. The transition probability was
assumed to be constant for every cycle. Thus, we can conclude
that the 3-month rate of recurrent stroke using the formula
of “3-month rate = -In (1 - 1-year rate)/4, and the 3-month
transition probability is “3-month transition probability = 1 -
exp (-3-month rate)” (25). The transition probability included
both minor and moderate stroke cases, and the proportion of
minor stroke was ~53.4% of all strokes, while the proportion of
moderate stroke was 32.4% and that of death was 14.2%. The
proportion of patients with recurrent stroke was derived from
an RCT investigating the quality improvement intervention for
acute ischemic stroke in China (19, 26). Background mortality
was accessed from the China Health Statistical Yearbook 2021
(20) and was age-dependent, with a gap of 5 years. For patients
with moderate stroke, a risk ratio of 1.68 (95% CI 1.49, 1.91) was
employed to adjust for non-stroke death (27, 28).

Cost

The cost of PFO closure was obtained from three hospitals
located at different sites to represent the overall cost of PFO
closure in China. The cost of PFO closure includes three parts:
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the device, the procedure, and other costs. In our analysis, all the
costs not denominated in Chinese Yuan (CNY) were converted
to CNY in 2021, taking the consumer price index (CPI) into
consideration; the CPIs for the healthcare sector in China from
2015 to 2021 were 1.027, 1.038, 1.06, 1.043, 1.024, 1.018, and
1.004, respectively. Subsequently, CNY was converted to USD,
with an average exchange ratio of 6.4515. The cost of the PFO
closure device in the base case analysis was US $4,938, which
was the cost of the Amplatzer PFO Occluder, as the transition
probability in our analysis was derived from the RESPECT study
where the Amplatzer PFO Occluder was used. The mean cost
of the PFO closure procedure was US $517, and the other
cost was US $1,180. The stroke-related cost was obtained from
a published study that performed an economic evaluation of
intravenous alteplase for stroke in the Chinese population (22).
In this study, the costs of minor and moderate stroke events
were CNY ¥12214 (US $1,893) and CNY ¥16149 (US $2503),
respectively. When taking into consideration the healthcare CPI,
the cost would be US $1,901 and US $2,513, and we could obtain
the quarterly cost of post-minor stroke and moderate stroke as
US $338 and US $514, respectively.

Regarding the cost of antithrombotic medications, the cost
of 100 mg of aspirin (30 tablets) was CNY ¥15 (US $2.3), while
the cost of 75 mg of clopidogrel (28 tablets) was CNY ¥94 (US
$14.6). The cost of 3 mg of warfarin, 20 mg of rivaroxaban, and
110 mg of dabigatran was CNY ¥0.5 CNY (US $0.08), CNY ¥27
(US $4.2), and CNY ¥14 (US $2.2), respectively (23). The cost
of the above antithrombotic medications was almost uniform
across the country and was available to patients via various
methods, including at hospitals, at pharmacies, and online.

Utility

The utility was obtained from a domestic study investigating
stroke’s utility in Chinese patients. They found that the utility
was 0.76 (95% CI 0.69, 0.82), 0.21 (95% CI 0.17, 0.26), and 0.20
(95% CI 0.16, 0.26) for minor, moderate, and recurrent strokes,
respectively. For utilities post-procedure, the utility is 0.84 (0.80,
0.88) for the stable state within 6 months, 0.88 (0.79, 0.97) for
the stable state after 6 months, and 0.80 (0.72, 0.88) for those
who received medical therapy (17).

All
including cost and utility, were discounted at a rate of 0.05, in

input parameters, except transition probability,

the range of 0.0-0.08, according to the China Guidelines for
Pharmacoeconomic Evaluations (24).
Outcome

The primary outcome of this study was the ICER, which
represents the incremental cost per incremental quality-

adjusted life year (QALY). Since the Chinese government
recommends no specific WTP threshold, we adopted three
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TABLE 1 Input parameters of transition probability, utility, and cost in the base case analysis.

Parameters Base value Lower value Higher value  Distribution References

Transition probability (per 3 months) 0.00145 0.00079 0.00212 B (15)
Recurrent ischemic stroke in PFO closure®

Recurrent ischemic stroke in Medical Therapy® 0.00269 0.0017 0.00367 B (15)
The proportion of patients with recurrent stroke 0.534 0.470 0.596 / (19)
Minor stroke (mRS < 2)

Moderate stroke (mRS 3-5) 0.324 0.267 0.386 / (19)
Death (mRS 6) 0.142 0.102 0.192 / (19)
Three-month mortality of the general population 0.00048 / / / (20)
45-50

50-55 0.00076 / / / (20)
55-60 0.00121 / / / (20)
60-65 0.00193 / / / (20)
65-70 0.00325 / / / (20)
70-75 0.00565 / / / (20)
75-80 0.00991 / / / (20)
The relative risk of non-stroke death for moderate stroke 1.68 1.49 191 / (19)
Utility for post-stroke 0.76 0.69 0.82 B (19,21)

Minor stroke

Moderate stroke 0.21 0.17 0.26 B (19,21)
Recurrent stroke 0.2 0.16 0.26 B (19,21)
Utility for a stable state 0.80 0.72 0.88 B (17)
Medical therapy

Within 6 months post-PFO closure 0.84 0.80 0.88 B (17)

After 6 months post-PFO closure 0.88 0.79 0.97 B (17)

Cost (USD) 4938 1451 5926 y Institutional data
PFO closure device®

PFO closure procedure 517 459 574 y Institutional data
Other costs of PFO closure 1180 611 1749 y Institutional data
Minor stroke event® 1901 950 3802 y (22)
Moderate stroke eventd 2513 1257 5026 y (22)
Stroke death® 2154 1077 4308 y (22)
Quarterly cost of post-minor stroke 338 169 676 y (22)
Quarterly cost of post-moderate stroke$ 514 257 1028 y (22)
Aspirin (100 mg, 30 tablets) 2.3 1.2 4.7 y (23)
Clopidogrel (75 mg, 28 tablets) 14.6 7.3 29.1 y (23)
Discount rate 0.05 0 0.08 / (24)

PFO, patent foramen ovale; CNY, Chinese Yuan.

#Recurrent ischemic stroke rate per 100 patient-year is 0.58% in PFO closure cohort and 1.07 in medical therapy cohort, the 3-month rate is 0.00145422133039121 = -In (1-0.58%)/4
in PFO closure cohort and 0.00268941416324005 = —In (1-1.07%)/4, then the transition probability in two cohorts is 0.00145316446292076 = 1 - exp(—0.00145422133039121) and
0.0026858009288564 = 1 — exp(—0.00268941416324005), separately.

bThe cost of the Amplatzer PFO Occluder is CNY ¥31,860 (US $4,938) in China.

The cost of a minor stroke event is CNY ¥12,214 (US $1,893) in 2020, and it is US $1,901 in 2021, calculated as follows: 12214"1.004/6.4515.

dThe calculation method is the same as that in note 3.

€The calculation method is the same as that in note 3.

fThe annual cost of post-minor stroke is CNY ¥8,684 (US $1,346) in 2020, and the quarterly cost is US $338, which is calculated as follows: 8684"1.004/4/6.4515.

8The calculation method is the same as in note 6.

times the per capita GDP of China in 2021 as the WTP China in 2021 was 12551.3 USD, so the WTP was set at 37,654
threshold, as recommended by the China Guidelines for USD/QALY. PFO closure was considered cost-effective if the
Pharmacoeconomic Evaluations (24). The per capita GDP in ICER obtained was lower than the WTP threshold; otherwise,
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TABLE 2 Input parameters in the scenario analysis.

Scenario 1: Other medications Value References
in medical therapy

Cost of warfarin (USD/tablet) 0.08 (23)
Annual frequency of INR examination® 21 (23)
Cost of INR examination® 12 (23)
Cost of dabigatran (CNY/110 mg, tablet) 22 (23)
Cost of rivaroxaban (CNY/20 mg, tablet) 4.2 (23)
Scenario 2: Utility measured with

SF-6D published in another study

Minor stroke 0.8 (29)
Moderate stroke 0.59 (29)
Utility for the stable state in medical 0.87 (30)
therapy

Utility for a stable state within 6 months 0.91 (30)
post-PFO closure

Utility for stable state after 6 months 0.96 (30)
post-PFO closure

Scenario 3: Utility measured with

EQ-5D published in another study

Post-minor stroke 0.87 (29)
Post-moderate stroke 0.51 (29)
Utility for the stable state in medical 0.87 (30)
therapy

Utility for a stable state within 6 months 0.91 (30)
post-PFO closure

Utility for stable state after 6 months 0.96 (30)

post-PFO closure

2Those who take warfarin need to have an examination of the international normalized
ratio (INR); the cost of the INR examination is 75 CNY (12 USD)/time, with a frequency
of 21 times/year.

PFO closure was regarded as not being cost-effective. The
secondary outcomes included overall cost, overall effectiveness,
incremental cost, incremental effectiveness, ICER of incremental
cost per incremental life year, and ICER based on different
time horizons.

Scenario and sensitivity analysis

A scenario analysis was performed based on different
antithrombotic medications in medical therapy and the utility
measured in another study (Table 2).

One-way sensitivity analysis and probabilistic sensitivity
analysis (PSA) were performed to test the robustness of the
results. In the one-way sensitivity analysis, the input parameters
fluctuated within their 95% confidence intervals or given
intervals. For the cost of the PFO closure device, the lower
range adopted the lowest cost of the PFO closure device, and
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the higher range adopted 1.2 times the cost of the Amplatzer
PFO Occluder. We adopted a broader range for the stroke-
related cost because the PFO-caused stroke might differ slightly
from the other-cause-related stroke. A tornado diagram of the
ICER was used to illustrate the results of the one-way sensitivity
analysis. In PSA, the utility and transition probability parameters
followed the B distribution, and the cost parameter followed
the y distribution. Probabilistic sensitivity samplings based on
10,000 times Monte Carlo simulations were employed, and the
results of the PSA were illustrated with a scatter plot and an
acceptability curve.

Results

Outcomes

As shown in Table 3, after a simulation of 30 years, a
cryptogenic stroke patient with PFO is expected to have
QALY of 13.15 (15.26 LY) if he receives PFO closure
and 11.74 QALY (15.14 LY) after medical therapy alone.
The corresponding costs in both cohorts are US $8,131
and US $4,186, respectively. An ICER of US $2,783/QALY
and US $31,264/LY was obtained, which is lower than the
WTP threshold.

The ICER based on different time horizons shows that, when
life expectancy is over 2 years, PFO closure is cost-effective
when the quality of life is taken into consideration, whereas
life expectancy needs to be at least 26 years for PFO closure to
be cost-effective when quality is not taken into consideration
(Figure 2).

Scenario analysis

Scenario analysis based on different antithrombotic
medications in medical therapy and utility measured in another
study showed that PFO closure is cost-effective or superior to
medical therapy in Chinese cryptogenic stroke patients with
PFO (Table 3).

Sensitivity analysis

One-way sensitivity analysis showed that the utility of PFO
closure after 6 months had the largest impact on the ICER
fluctuation. However, Chinas highest ICER was still lower than
the WTP threshold of 37,654 USD/QALY (Figure 3).

The PSA results show that PFO closure is cost-effective
when the probability is over 92% (Figure 4). The acceptability
curve shows that, when the WTP threshold is ~US $2,700
/QALY, which is far lower than the WTP threshold in China,
PFO closure shares similar acceptability with medical therapy
alone (Figure 5).
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TABLE 3 Base case analysis and scenario analysis.

Strategy Cost (USD)  Incre-Cost Eff Incre-Eff ICER Eff Incre-Eff ICER
(USD) (QALY)  (QALY) (USD/QALY) (LY) (LY) (USD/LY)

Base case analysis

Medical therapy 4186 - 11.74 - - 15.14 - -
PFO closure 8131 3945 13.15 1.42 2783 15.26 0.13 31264
Scenario analysis

Warfarin in medical therapy

Medical therapy 6352 - 11.74 - - 15.14 - -
PFO closure 8131 1779 13.15 1.42 1255 15.26 0.13 14098
Dabigatran in medical therapy

Medical therapy 24085 - 11.74 - - 15.14 - -
PFO closure 8131 —15954 13.15 1.42 —11256 15.26 0.13 —126433

Rivaroxaban in medical

therapy
Medical therapy 23318 - 11.74 - - 15.14 - -
PFO closure 8131 —15187 13.15 1.42 —10715 15.26 0.13 —120356

Utility measured with SF—6D
published in another study

Medical therapy 4186 - 12.93 - - 15.14 - -
PFO closure 8131 3945 14.44 1.51 2617 15.26 0.13 31264
Utility measured with

EQ—5D published in another

study
Medical therapy 4186 - 12.95 - - 15.14 - -
PFO closure 8131 3945 14.45 1.50 2628 15.26 0.13 31264

Incre, incremental; Eff, effectiveness; QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio; LY, life year; and PFO, patent foramen ovale.

ICER by time horizon

ICER(USD/QALY)
ICER(USDLY)
WIP(37654USD/QALY)
100000
80000
3
O 60000
B
2 40000
& e
9)
= 20000
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time horizon(Year)
FIGURE 2

ICER based on different time horizons. When the time horizon is <3 years, the ICER is higher than the WTP of US $37,654/QALY. However, if the
quality of life is not considered, PFO is cost-effective for those with a life expectancy of >26 years.
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Tornado Diagram - ICER
PFO closure vs. Medical therapy
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[ ] Recurrent ischemic stroke in PFO closure (0.0008 to 0.0021)
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| 1] Other costs of PFO closure (611 to 1749)
L] Quarterly cost of post minor stroke (676 to 169)
u Quarterly cost of post moderate stroke (1028 to 257)
1 Cost of monthly aspirin (4.7 to 1.2)

I Proportion of moderate stroke (0.386 to 0.267)

| Utility of post-minor stroke (0.69 to 0.82)

| Cost of PFO closure procedure (459 to 574)

| Cost of minor stroke event (3802 to 950)

| Cost of moderate stroke event (5026 to 1257)

| Utility of post-moderate stroke (0.17 to 0.26)

| Proportion of stroke death (0.192 to 0.102)

| Cost of stroke death (4308 to 1077)

| Utility of PFO closure within 6 months (0.88 to 0.8)
Relative risk of non-stroke death for moderate stroke (1.49 to 1.91)
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FIGURE 3

Tornado diagram: ICER of PFO closure vs. medical therapy according to different model inputs. The ICER of base case analysis lies in the middle
of the tornado diagram; the left and right sides of each bar in the tornado graph represent the ICER value with the lower parameter input or
higher parameters input (according to the parameter description of the tornado diagram).

Incremental Cost-Effectiveness, PFO closure v. Medical therapy
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FIGURE 4
A scatter plot based on probabilistic sensitivity analyses. The straight line represents the willingness-to-pay threshold of US $37,654/QALY.

Discussion absolute risk reduction is 0.49% per patient-year, which means

that, for 100 patients with a follow-up period of 1 year, there will

PFO closure has been proven as an effective way to reduce be 0.49 fewer events in the PFO closure than in medical therapy

recurrent stroke in cryptogenic stroke patients with PFO and alone (15), it is necessary to investigate the cost-effectiveness of
with a hazard ratio of 0.55 (95% CI 0.31-0.999). Although the PFO closure vs. medical therapy alone.
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Cost-effectiveness Acceptability Curve
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FIGURE 5

Cost-effectiveness acceptability curve. PFO closure and medical
therapy share similar acceptability when the WTP threshold is US
$2,700/QALY. At the current WTP threshold of US $37,654/QALY
in China, PFO closure is more acceptable than medical therapy
alone.

Shijoh et al. found that the probability of cost-effective PFO
closure with Monte Carlo simulation was 50.3% at a WTP
threshold of US $50,000/QALY (31). This WTP threshold is
higher than the estimated WTP threshold in China, and it
can be assumed that PFO closure will not be cost-effective if
the ICER in Shijoh’s study is employed in China. In contrast,
we found that PFO closure is cost-effective with over 92%
probability in our study, and this may be due to the following
reasons: First, the PFO closure device and procedural cost is
US $16,109 in Japan (31) but US $4,738 in China (32), which
is <30% of the cost in Japan. Second, the simulation period
was longer in our study than in Shijoh’s study, and we know
that the benefit of PFO closure could last for a long time
(33, 34) and that a longer simulation period will result in a
lower ICER and higher acceptability. Notably, PFO closure is
cost-effective when the life expectancy is 2 years in our study,
which is driven mainly by the fact that the overall cost of PFO
closure is low. Patients could be more effective if their quality
of life improved. Another study investigating the lifetime cost-
effectiveness of PFO closure vs. medical therapy alone found
that PFO closure is dominant compared to medical therapy
in Japan (30). In their study, the effectiveness gained in PFO
closure was higher than ours, which might be partly due to
the higher life expectancy in Japan. Moreover, their finding that
PFO closure costs less than medical therapy can be attributed
to the high cost of medical therapy. In our scenario analysis,
we found that, if the patients in the medical therapy cohort
received direct oral anticoagulation agents (the cost of direct oral
anticoagulation agents is higher than that of aspirin, clopidogrel,
and warfarin) (23), PFO closure would be dominant for the
same reasor.

Our study also shows that ICER will reduce with time.
Some studies conducted in other settings have drawn a similar

conclusion that a longer time horizon results in a lower
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ICER. Volpi et al. found that, when the time horizon is
extended from 3 years to 20 years, the ICER decreases from
US $35,755/QALY to US $1,894/QALY (35), and this finding
has been validated by several studies (17, 36-38). These results,
therefore, suggest that PFO may be suitable for patients with
long life expectancies.

In the scenario analysis, the utilities adopted from another
study have little impact on the results. However, different
antithrombotic medications in medical therapy may cause
medical therapy to be inferior to PFO closure, and this is
due to the high cost of direct oral anticoagulation agents. The
annual cost of direct oral anticoagulation agents is US $1,507
(23, 32), which is almost one-fourth of the overall cost of
PFO closure.

Other factors also had little impact on the fluctuation of
the ICER. In the one-way sensitivity analysis, the utility of PFO
closure after 6 months and the utility of medical therapy alone
had the largest impact on the ICER; however, the ICER obtained
was still lower than the WTP threshold. Even when the quality
of life is not considered, PFO closure is still cost-effective. The
scatter plot and the acceptability curve confirm the robustness
of the results.

Our study has some limitations. First, the present study
is based on a mathematical model. Even though one-way and
probabilistic sensitivity analyses confirmed the robustness of
the findings, a real-world study may provide more clinical
evidence. Second, the study is conducted from the perspective
of healthcare providers, and this perspective may not provide
the most comprehensive view; a perspective from society may
be better. Third, the transition probability in our analysis
was derived from the RESPECT study, which is the largest
RCT with the longest follow-up period. As there is no study
investigating the effectiveness of PFO closure vs. medical
therapy in Chinese patients, the data from Chinese patients
might have provided more accurate information. Fourth,
procedure-related complications, including new-onset atrial
fibrillation and residual shunts, were not included in the
analysis, which is another significant weakness of our model.
Fifth, the costs and utilities in the model were derived from
stroke patients rather than those with PFO, which might
have introduced bias to some extent. Lastly, the follow-up
period in the RESPECT study was 5.9 years. In contrast, the
time horizon in our study was far longer than that, which
might have introduced more uncertainty, as PFO closure
has been shown to be cost-effective in the third year, and
the 30-year horizon may not influence the robustness of
our results.

In conclusion, with respect to the WTP threshold of three
times the per capita GDP in China in 2021, PFO closure
is a cost-effective method for treating Chinese cryptogenic
stroke patients with PFO, as we have shown in the 30-
year simulation.
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