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Importance: The treatment of cryptogenic stroke patients with patent foramen ovale to
prevent recurrence of stroke, especially when patients consider drug prevention alone, has
caused serious treatment dilemmas in clinical practice.
Objective: To study the safety and efficacy of different treatment strategies using a network
meta-analysis of randomized controlled trials in this population with cryptogenic stroke and
patent foramen ovale.
Study Selection: PUBMED, EMBASE, The Cochrane Library, WangFang, and China
National Knowledge Infrastructure were searched to identify RCT comparing different
treatment strategies. Eleven randomized studies were included (n = 5706).
Main Outcomes: The primary efficacy outcome was recurrence of ischemic stroke,
including fatal and non-fatal ischemic strokes. The primary safety outcome was major
hemorrhage, but closure surgery includes systemic thrombotic events, persistent atrial fibril
lation, surgical deaths and other major events.
Results: In terms of efficacy and safety events, compared with antiplatelet, the OR of
vitamin K antagonists for stroke recurrence was 0.81 (95% CI, 0.41–1.6), the OR of surgical
closure was 0.38 (95% CI, 0.16–0.63), and the OR of NOAC was 0.79 (95% CI, 0.27–2.3).
Compared with antiplatelet, the safety event OR of vitamin K antagonists was 1.7 (95% CI,
0.65–4.8), the OR of surgical closure was 1.7 (95% CI, 0.68–3.8), and the OR of NOAC was
2.2 (95% CI, 0.67–7.6).
Conclusion: In terms of effectiveness, surgical occlusion has the best performance, while
anticoagulation is the second best. Vitamin K antagonists and non-vitamin K antagonists are
difficult to distinguish between the best in effectiveness. Antiplatelet drugs are considered the
worst option. Regarding the safety results, it is generally believed that there are no obvious
beneficial interventions, but antiplatelet drugs are considered to be relatively best, followed
by surgical intervention and vitamin K antagonists, and non-vitamin K antagonists are
considered to be the least safe.
Keywords: cryptogenic stroke, patent foramen ovale, PFO, treatment strategies, network
meta-analysis
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Clinically, 30% of stroke patients have an unknown cause.1 Ischemic stroke of
unknown cause is known as cryptogenic stroke.2 Previous studies have concluded
that more than half of patients with cryptogenic stroke have a patent foramen ovale
(PFO),3 and this proportion is as high as 61% in people over 55 years of age.4,5 In
addition, the risk of stroke recurrence in patients with a patent foramen ovale
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increases by 3 times.6 Therefore, the prevention of stroke
recurrence in such patients is particularly important.7
Although earlier clinical studies concluded that surgical
closure was not superior to drug therapy alone,8–10 con
tinuous clinical studies in recent years have concluded that
surgical closure is better in reducing stroke recurrence than
drug therapy alone.11–14 Subsequent surgical complica
tions cannot be ignored, including severe thrombotic
events and atrial fibrillation.11,13 Antithrombotic strategies
for patients who do not choose to undergo surgical closure
have always created difficulties for clinicians. Even if
there was a high-quality meta-analysis that studied the
difference between anticoagulation and antiplatelet thera
pies, it has been concluded that anticoagulation has no net
benefit in preventing stroke recurrence, and it may be
related to major bleeding.15 Although the studies men
tioned above are important, the difference between tradi
tional oral anticoagulant drugs and new oral anticoagulant
drugs is still unclear, and whether new anticoagulant drugs
are inferior to surgical closure has not been resolved.
Among patients who refuse surgery, it is more difficult to
select an appropriate drug to prevent stroke recurrence.
To solve this series of problems, we performed
Bayesian network meta-analysis (NMA), which allows
multiple treatments to be compared at the same time.
This analysis included 11 randomized controlled clinical
trials with a total of 5706 patients to evaluate the efficacy
and safety of antiplatelet drugs, vitamin K antagonists,
surgical closure and nonvitamin K antagonists (NOACs)
in patients with cryptogenic stroke with a patent foramen
ovale. Provide the most suitable treatment plan for such
patients.

Methods
This NMA uses the systematic review and meta-analysis preferred
reporting project guidelines (PRISMA)16 (eTable 1 in the
Supplementary materials). A prespecified statistical analysis plan
was written, and the review protocol was registered at PROSPERO
(https://www.crd.york.ac.uk/PROSPERO,
CRD42021272069).
Data were analyzed between May 2021 and August 2021.

Study Selection and Eligibility Criteria
Two researchers conducted independent literature
searches, and if there was a disagreement, it was provided
to the third researcher for group discussion. The selection
of the literature first involved reviewing the title and
abstract, and the full-text evaluation of the studies was
consistent. The PubMed, EMBASE, The Cochrane

3206

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2147/NDT.S333930

DovePress

Library (Cochrane Database of Systematic Reviews,
Cochrane Central Register of Controlled Trials
(CENTRAL),
Cochrane
Methodology
Register),
WangFang, China National Knowledge Infrastructure
(CNKI) database was searched for relevant studies. We
used keywords such as “patent foramen ovale”, “treat
ment”, and “stroke”, and the time period was from the
establishment of the database to May 2021. We also tried
to contact the authors of valuable clinical studies where
the data were not fully published. The study inclusion
criteria were as follows: 1. The study contained at least
two comparison groups; 2. The study population included
patients with cryptogenic stroke with a patent foramen
ovale; 3. The study’s treatment options were differentiated;
4. The outcome events included events such as the recur
rence of ischemic stroke, bleeding and related surgical
complications; 5. The study follow-up period was greater
than 1.5 years; and 6. The study was a randomized con
trolled trial. The excluded literature included missing data,
duplicate data, unclear clinical treatment plan grouping,
and other nonrandomized controlled clinical trials. To
ensure that the included literature was complete, we also
conducted research on previous related meta-analyses.

Data Collection Process and Outcome
Measures
Two researchers independently extracted literature data.
The extracted content included basic information, such as
the first author, year of publication, country and research
design of the literature, as well as the baseline character
istics of the research population, intervention measures,
and research results. The data are presented in the included
attachments. The validity of the study results was defined
as the recurrence of ischemic stroke, including fatal and
nonfatal ischemic strokes, but it needs to be emphasized
that transient ischemic attack was not included in the
effectiveness outcome, which is included in this study.
Most RCTs did not provide data. The safety analysis
included major hemorrhage, but for closure surgery,
included systemic thrombosis, persistent atrial fibrillation,
surgical death and other major events. Transient arrhyth
mia after surgery and correctable minor bleeding were not
included in the safety events. The safety analysis hybri
dized all malignant events. Due to the inconsistent safety
of surgical events and drug events, major bleeding during
surgery was relatively rare. However, surgical complica
tions were relatively common, so the safety outcomes
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could be studied separately. Finally, we will perform
a subgroup analysis of major bleeding and atrial fibrilla
tion in the sensitivity analysis. When there was
a disagreement, the disagreement was resolved through
group discussion. If the included literature was not sub
divided due to the intervention measures, we tried to
contact the author to obtain the relevant data but did not
obtain a response, so we had to exclude it from this
analysis.

Risk of Bias Within Individual Studies
After that the extraction of data, two investigators inde
pendently evaluated the risk of bias for the included stu
dies, and the risk of bias was classified as low, medium, or
high. The evaluation method used was the Cochrane
Collaboration tool, and Review Manager (RevMan)
Version 5.3 software (Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014) was used for
this work. The risk of bias and the publication bias graph
is included in the supplementary materials (eFigure 1 and
eAppendix2 in the Supplement).

Statistical Analysis
We fit a Bayesian random effects model to compare multi
ple options at the same time. We extracted the sample size
and total number of events for effectiveness and safety in
each treatment group from the RCTs that were finally
included in the study. The model combines the evidence
of direct and indirect comparisons of related programs by
considering the correlation between multiarm trials.17,18
Finally, the pros and cons of each treatment plan were
drawn. To explain the heterogeneity of effects between
the trials, we allowed random effects on NMA and mea
sured the degree of heterogeneity. We used the Markov
chain Monte Carlo algorithm to estimate the odds ratio
(OR) of the effect of the scheme and the associated 95%
confidence interval. Through the size of each treatment
group and comparison sample, each node represents
a certain intervention, the size of each node represents
the size of the sample, the thickness of the line represents
the number of studies, and the network evidence map is
drawn. Through related programs, the convergence of the
Markov chain Monte Carlo chain of all model parameters
was checked and the trajectory diagram was obtained. This
work used the settings of the software language package,
including the noninformation prior distribution of the
parachain,19 and every A chain consisted of 50,000 sam
ples after a 10,000-sample burn-in. To show that direct
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comparison and indirect comparison can achieve consis
tency in the same model, we carried out inconsistency
heterogeneity tests and model comparisons and obtained
the forest map and heterogeneity test results of the direct
comparison and indirect comparison of the corresponding
research. To evaluate and rank programs, we derived pos
sible ranking probabilities (the best and the lowest inter
ventions in effectiveness and safety) and a cumulative
ranking table (SUCRA). Finally, to conclude that
a certain intervention measured the best performance in
clinical selection, we drew a two-dimensional graph so
that the effectiveness and safety are clear in the graph.
To prove the reliability of the outcome, we carried out
a sensitivity analysis and established a new model after
excluding surgical measures. Most of the data analysis and
mapping were performed using R software (version 3.6.3),
while the evidence contribution diagram and publication
bias risk funnel diagram were generated using Stata 14.0
software. A two-sided test was used, and P<0.05 indicated
that the difference was statistically significant. Figures that
do not appear in the text can be found in the attachments.

Results
Search Results
A total of 9226 articles appeared in each database search, of
which 9189 articles were excluded by reviewing the titles and
abstracts. A total of 137 of these studies were evaluated in full
text, 13 of which met the inclusion criteria; 12 were English
studies, and 1 was a Chinese study. However, two of these
studies did not carry out detailed intervention measures.
Although their population characteristics were consistent
with this study (Figure 1), they did not provide the number
of antiplatelet and anticoagulation outcome events, so we were
required to exclude them from this study. Therefore, our main
analysis included 11 RCTs.6,9–14,21,22,29–31 The population of
the two literature studies was the same population,9,14 but the
follow-up time and the number of events that occurred at the
end of the studies were different, so we consider them as two
studies. Most of the studies were published in the New
England Journal, and the research quality is high.

Study and Patient Characteristics
A total of 11 RCTs were included in this study. Table 1
shows the design plan, population characteristics, interven
tion measures and other basic characteristics of each study.
The RCTs were mainly conducted in Europe and North
America, and most of them were published after 2012.
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9226 studies screened

9189 studies irrelevant

37 full-text studies assessed for eligibility

24 studies excluded,wrong
design(review,non-randomized
controlled clinical trials, etc)

study

13 studies were used to analyze data

2 studies were not subdivided due to
grouping

11 studies include

Figure 1 Flowchart of literature review.

This study included all 11 studies, including 5706 patients,
and the sample size ranged from 44 to 980. The safety
analysis included 8 studies, including 2706 patients, and
the sample size ranged from 44 to 680. The study popula
tion was mainly 40–60 years old and was mostly white.

Structure of NMA
The main analysis of the network evidence graph is
displayed by separating the effectiveness and safety
(Figures 2 and 3). We compared four treatment options.
The four options were antiplatelet drugs, vitamin
K antagonists, surgical closure and nonvitamin
K antagonists (NOACs). Because only one study subdi
vided single antiplatelet drugs and dual antiplatelet
drugs, the use of antiplatelet drugs was considered to
be a regimen. Dabigatran (a dose of 150 mg/twice a day
and 110 mg/twice a day) and rivaroxaban (15 mg/once
a day) were also placed in the NOAC group. Therefore,
in this network evidence graph, we can only assume that
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monoclonal antibody platelet drugs (aspirin, clopidogrel
or dipyridamole) and dual antiplatelet drugs (combina
tion of any two antiplatelet drugs) had considerable
effectiveness and safety in this analysis. Dabigatran and
rivaroxaban also had considerable effectiveness and
safety in this analysis. We set the antiplatelet drug treat
ment plan as the reference plan because this plan was
included the most in all the included RCTs.

Network Meta-Analysis Results for
Efficacy and Safety Outcomes
We used stroke recurrence as the only indicator of effec
tiveness, which is also the most concerning issue for
clinical stroke prevention. In general, surgical closure has
been shown to be the best intervention in terms of effec
tiveness; only when compared with NOACs alone is there
no significant difference, but it also shows obvious advan
tages (Figure 4, eAppendix3 Pairwise comparison of forest
maps in the Supplement). We combined all major safety
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USA and Canada

CLOSURE I 201310

2014–2017

31 countries

NAVIGATE ESUS
201822

2 years

1.6 years

3.5 years

2 years

1.5 years

3.2 years

2 years

2 years

5.9 years

5 years

2 years

Follow-Up
Time

Abbreviations: NA, not available; NOAC, non–vitamin K antagonist oral anticoagulant.

2014–2018

42 countries

RE-SPECT ESUS
201921

2014–2016

China

1993–2000

2007–2010

2008–2015

2003–2011

2003–2008

2003–2011

Wei 201930

PICSS 2002

USA

Iran

Shariat 201329

6

Europe and USA

REDUCE 201713

RESPECT 2013

USA and Canada

USA and Canada

RESPECT 201714

9

France

CLOSE 201711
2007–2017

2011–2017

South Korea

DEFENSE-PFO

201812

Study
Time

Country

References

Table 1 Study and Patient Characteristics

64.6±9.2

63.9±11.4

42±11

59.0±12.2

61.4±4.8

45.4±9.3

45.9±9.9

46.3±9.6

45.9±9.9

42.9±10.1

51.8±15

Population
Age

13(275)

19(361)

NA

14(106)

2(23)

12(223)

13(359)

16(252)

23(360)

14(235)

4(46)

Antiplatelet

NA

NA

NA

16(97)

5(21)

NA

3(121)

8(111)

5(121)

3(187)

1(10)

Warfarin

Efficacy

NA

NA

1(24)

NA

NA

6(441)

9(499)

23(447)

18(499)

0(238)

0(47)

Surgical

7(259)

16(319)

3(25)

NA

NA

NA

NA

NA

NA

NA

NA

NOAC

1(159)

5(361)

NA

4(106)

1(23)

16(223)

NA

NA

NA

5(235)

1(36)

Antiplatelet

NA

NA

NA

4(97)

2(21)

NA

NA

NA

NA

10(187)

1(10)

Warfarin

Safety

NA

NA

3(24)

NA

NA

46(441)

NA

NA

NA

16(238)

2(47)

Surgical

4(154)

3(319)

7(25)

NA

NA

NA

NA

NA

NA

NA

NA

NOAC
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Figure 2 Network of 4 treatment strategies (Efficacy). Each node represents
a certain intervention, the size of the node represents the size of the sample, and
the thickness of the line represents the number of studies.
Abbreviation: NOAC, non–vitamin K antagonist oral anticoagulant.

most effective. Vitamin K antagonists and nonvitamin
K antagonists were difficult to distinguish between to
identify the best in effectiveness. Antiplatelet drugs
were considered as the worst option (Figure 6).
Summary Estimates and Rank Probabilities and
Cumulative Rank Probability Plot in the Supplement
(eFigures 2 and 4 and eTable 2 in the Supplement).
Regarding the safety results, it is generally believed
that there are no obvious beneficial interventions, but
antiplatelet drugs are relatively considered to be rela
tively the safest, followed by surgical intervention and
vitamin K antagonists, and nonvitamin K antagonists
are considered to be the least safe (Figure 7). Summary
estimates, rank probabilities and the cumulative rank
probability plot are included in the Supplementary
materials (eFigures 3 and 5 and eTable 3 in the
Supplement). The treatment plan realizes the visualiza
tion of sorting on both the probability graph and the
two-dimensional forest graph (Figure 8). All compara
tive models showed good convergence (eFigure 6 in
the Supplement), and no evidence of inconsistency in
this study was found (eAppendix1 in the Supplement).

Results of Sensitivity Analyses

Figure 3 Network of 4 treatment strategies (Safety). Each node represents
a certain intervention, the size of the node represents the size of the sample, and
the thickness of the line represents the number of studies.
Abbreviation: NOAC, non–vitamin K antagonist oral anticoagulant.

incidents and analyzed them. In general, the direct com
parison of the four interventions and the overall compar
ison did not show significant differences. Only the
antiplatelet regimen had certain advantages, but it was
not statistically significant (Figure 5, eAppendix3
Pairwise comparison of forest maps in the Supplement).

Ranking of Treatment Strategies
In terms of ranking the results, in terms of effective
ness, surgical occlusion had the best performance
(SUCRA value), while anticoagulation was the second
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Analyzing the atrial fibrillation and major bleeding that are
the most important regarding safety concerns, it was found
that the incidence of atrial fibrillation in the surgical
method was significantly higher than that of other drug
groups. For major bleeding, the results for the four meth
ods were not statistically significant, but the bleeding risk
in surgery was significantly lower (eAppendix4 in the
Supplement).
To verify the accuracy of the outcome and to help
patients for whom surgery is not suitable choose
a better intervention, we conducted additional analyses.
We excluded surgical closure from the study and ana
lyzed the three drug interventions. In terms of effec
tiveness, although the overall analysis did not show
obvious advantages, nonvitamin K antagonists ranked
the best, followed by vitamin K antagonists and anti
platelet drugs. The results for safety were the opposite
of those for effectiveness. Antiplatelet drugs were the
most safe, and nonvitamin K antagonists were the least
safe. We found that the sensitivity analysis yielded
similar results to the original model (eAppendix4 in
the Supplement).
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Figure 4 Forest Plots for Efficacy Outcomes. Odds ratios and 95% credible intervals (CI) comparted with antiplatelet drugs (reference) are plotted. A total of 5706 patients
were contributed to network meta-analyses for all Efficacy outcomes. The estimated between-trial effect heterogeneity and its 95% CI from NMA for each outcome is 0.81
(95% CI, 0.41–1.6), 0.38 (95% CI, 0.16–0.63), 0.79 (95% CI, 0.27–2.3).
Abbreviation: NOAC, non–vitamin K antagonist oral anticoagulant.

Figure 5 Forest Plots for Safety Outcomes. Odds ratios and 95% credible intervals (CI) comparted with antiplatelet drugs (reference) are plotted. A total of 2706 patients
were contributed to network meta-analyses for all Safety outcomes. The estimated between-trial effect heterogeneity and its 95% CI from NMA for each outcome is 1.7
(95% CI, 0.65–4.8), 1.7 (95% CI, 0.68–3.8), 2.2 (95% CI, 0.67–7.6).
Abbreviation: NOAC, non–vitamin K antagonist oral anticoagulant.

Discussion
For patients with cryptogenic stroke and a patent foramen
ovale, the probability of a recurring stroke is extremely

Figure 6 A ranking graph of the efficacy of each treatment plan.
Abbreviation: NOAC, non–vitamin K antagonist oral anticoagulant.

Neuropsychiatric Disease and Treatment 2021:17

high, so active prevention is very important. To our knowl
edge, this is the first meta-analysis to include all four
interventions. In our NMA analysis, it was concluded
that surgical closure has significant effectiveness in pre
venting stroke recurrence. Although this method is not the
best in terms of safety, the four interventions had no
significant differences in safety, and surgical closure was
not the least safe. Therefore, it is believed that surgical

Figure 7 A ranking graph of the safety of each treatment plan.
Abbreviation: NOAC, non–vitamin K antagonist oral anticoagulant.
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Figure 8 Odds Ratios for efficacy and safety. Odds ratios compared with antiplate
let drugs (reference) and associated 95% credible intervals are plotted: efficacy on
the x-axis and safety on the y-axis.
Abbreviation: NOAC, non–vitamin K antagonist oral anticoagulant.

closure treatment should be regarded as the first choice of
treatment, which is also consistent with the results
obtained by multiple RCTs.11–14 In the meta-analysis of
previous studies,20 it was found that when comparing
drugs (mainly antiplatelet and vitamin K antagonists)
with surgical methods, surgery did not significantly reduce
stroke recurrence but only showed a relative trend, while
the occurrence of cardiovascular and cerebrovascular
events and atrial fibrillation increased. It was initially
believed to be related to the immature surgical technique
and the material of the occluder because the clinical stu
dies published later showed that the effect was significant,
although no significant increase in unsafe incidents was
found.12,14 This supports our research results to a certain
extent. Although our subgroup analysis showed that atrial
fibrillation was obviously caused by surgical closure, sig
nificant results for major hemorrhage were not shown in
the four strategies, and surgical closure was less likely to
cause major hemorrhage. However, the comprehensive
analysis of safety did not find obvious good intervention
measures. These results are similar to those of previous
research,21 and surgical closure is still supported as the
best intervention.
However, there are also a considerable number of
people who refused surgery because they were afraid of
complications or economic factors, so the selection of
drugs for this group of people has always been
a problem. The subgroup analysis of this study found
that nonvitamin K antagonists have the best effect in
preventing stroke, but they have the opposite effect for
safety. Compared with vitamin K antagonists, new non
vitamin K antagonists are promising therapeutic drugs
because the concentration of these drugs in the blood is
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easy to detect, and they can reduce the risk of bleeding,
and effectively prevent deep vein thrombosis. However,
only a small number of RCTs22,23 have studied the use of
these in preventive treatment, and some studies15 believe
that a high anticoagulant score after an abnormal embo
lism score (RoPE score) supports the use of nonvitamin
K antagonists. Because of the high RoPE score, embolism
is more likely to be related to a PFO. In this study, it was
concluded that nonvitamin K antagonists are not as safe to
use as vitamin K antagonists. It is possible to regularly
check the international normalized ratio (INR) in clinical
studies to maintain the optimal level of 2–3. In actual
clinical patients, this seems to be difficult. Therefore,
after evaluating the RoPE score, patients with high scores
should be treated with nonvitamin K antagonists.
However, this is just speculation, and more clinical evi
dence is still needed in the future.
A PFO may cause ischemic stroke through the follow
ing three mechanisms: in situ thrombosis in the PFO path
way, PFO-related atrial arrhythmia, and paradoxical
embolism.24 It is believed that with age, the risk of abnor
mal embolism further increases, but studies on surgical
closure are limited. All of the RCT patients were between
40 and 50 years old, and no patients over 60 years old
were included in the experiments. This is also directly
related to the proneness of elderly patients to experience
other thrombotic events, which increases the incidence of
thrombotic events during surgery.25 Of course, we believe
that the lifelong benefit of oral antithrombotic drugs for
elderly patients is very relevant.
Although the advantages of our study are obvious, this
study overcomes the limitations of conventional pairwise
meta-analysis and visually compares the best interven
tions and the best drug choices for people who refuse
surgery or those for whom surgery is not suitable.
However, the following limitations also exist: 1. We
excluded a small number of studies because we did not
obtain drug grouping information, although this may not
affect the final outcome; 2. In our analysis, there was
heterogeneity between the studies. Potential sources of
heterogeneity include surgical methods, drug dosages,
types, duration of use, and the population’s sensitivity to
drugs. This may affect our interpretation of the final
results; and 3. Although the sample size of our study is
sufficient to draw a valid final conclusion, some rare out
comes were still ignored, such as adverse reactions to the
stent. This is also because the sample size for certain
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outcomes was too small. We must hybridize all events to
analyze safety.
We discovered that no RCT contains a comparison
between vitamin K antagonists and nonvitamin
K antagonists, and there is no direct comparison between
the two, which creates new difficulties for the selection of
anticoagulant drugs. In the future, research in this area is
needed to compare the differences between the two.
In the future, relevant meta-analyses should try to solve
the shortcomings of our research, such as: 1. Try to obtain
some data that were not included in this study, including
two RCTs that were not clearly grouped and were
excluded after trying to contact the author; 2. Pay attention
to rare adverse reactions, and conduct a more detailed
subgroup analysis to reduce the number of studies hetero
geneity. Of course, related clinical research should also
consider the following issues: 1. Antiplatelet drug sensi
tivity research has shown that a large number of studies26–
28
have found that aspirin resistance and clopidogrel resis
tance occur in a considerable number of people. Whether
antiplatelet drugs can be selectively used for people with
sensitivities may be epoch-making because the safety of
antiplatelets has always been beyond doubt. 2. The indivi
dualized use of interventions for people with stroke or for
the different severities of stroke. For example, severe
stroke may be related to blood hypercoagulation, but antic
oagulation drugs are used, and small strokes are related to
abnormal small embolism, and surgical closure is selected.
Of course, there are certain difficulties. In the future, we
hope that personalized medical solutions based on various
pieces of evidence will be available to help such patients.
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