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Abstract

Background: Patent foramen ovale (PFO) closure has emerged as a secondary prevention option in patients with
PFO and cryptogenic stroke. However, the comparative efficacy and safety of percutaneous closure and medical
therapy in patients with cryptogenic stroke and PFO remain unclear.

Methods: Randomized controlled trials (RCTs) and comparative observational studies that compared PFO closure
against medical therapy, each with a minimal of 20 patients in the closure arm and 1-year follow-up were included.

Results: We analyzed 6961 patients from 20 studies (5 RCTs and 15 observational studies) with a median follow-up of
3.1 years. Moderate-quality evidence showed that PFO closure was associated with a significantly lower incidence of
the composite outcome of ischemic stroke, transient ischemic attack (TIA), or all-cause death (odds ratio [OR]: 0.57;
95% confidence interval [Cl]: 0.38 to 0.85; P = 0.006), mainly driven by lower incidence of stroke (OR: 0.39; 95% ClI: 0.24
t0 0.63; P < 0.001). The numbers needed to treat were 43 and 39 for the composite outcome and recurrent ischemic
stroke respectively. PFO closure increased the risks for atrial fibrillation or atrial flutter (OR: 5.74; 95% Cl: 3.08 to 10.70;

P < 0.001; high-quality evidence) and pulmonary embolism (OR: 3.03; 95% Cl: 1.06 to 863; P=0.038; moderate-quality
evidence), with the numbers needed to harm being 30 and 143 respectively. The risks for TIA, all-cause death, and
major bleeding were not statistically different. Analyses limited to RCTs showed similar findings, as did a series of other

subgroup analyses.

Conclusion: In conclusion, PFO closure reduced the incidences of stroke and the composite outcome of ischemic
stroke, TIA, or all-cause death, but increased risks for atrial fibrillation or atrial flutter and pulmonary embolism

compared with medical therapy.
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Background

Among the 800,000 ischemic strokes that occur in the
United States each year, up to 30 to 40% have no
undetermined cause and are termed as cryptogenic [1].
Patent foramen ovale (PFO) was presented in 15 to 25%
of the general adult population, but the prevalence was
2 to 3 times higher in patients with cryptogenic stroke
[2, 3]. Paradoxical embolism via a PFO is one the
potential causes of cryptogenic stroke in these patients
[1, 4]. PFO closure has, therefore, emerged as a
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secondary prevention option in patients with PFO and
cryptogenic stroke.

Three previously published randomized controlled tri-
als (RCTs)—CLOSURE I (Evaluation of the STARFlex
Septal Closure System in Patients with a Stroke and/or
Transient Ischemic Attack due to Presumed Paradoxical
Embolism) [5], PC (Percutaneous Closure of Patent
Foramen Ovale in Cryptogenic Embolism) [6], and RE-
SPECT (Randomized Evaluation of Recurrent Stroke
Comparing PFO Closure to Established Current Stand-
ard of Care Treatment) trials [7]—all failed to show su-
periority of closure over medical therapy. They were
insufficient to draw any conclusion because sample size
of the study cohorts and event rates were lower than
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anticipated. A number of meta-analyses, almost all based
on only these 3 RCTs, have yielded different conclusions,
with some showing possible borderline benefits of closure
and others showing no benefit depending on how to carry
out the analysis [8—11]. The clinical benefits of PFO clos-
ure relative to medical therapy remain inconclusive. With
new data recently reported from 2 additional RCTs and
the extended follow-up data of the RESPECT trial, we per-
formed an updated meta-analysis to offer a clearer picture
of the efficacy and safety of PFO closure compared with
medical therapy. We also included and provided separate
analysis of comparative observational studies to comple-
ment findings from RCTs.

Methods

We reported the meta-analysis in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (Additional file 1) [12].

Data sources and searches

We searched several electronic databases, including
MEDLINE via PubMed, EMBASE, and the Cochrane
Central Register of Controlled Trials from their incep-
tion to September 15, 2017, without imposing any lan-
guage restriction. The following keywords and search
terms were used: patent foramen ovale, PFO, stroke,
closure, and occlude. We also manually checked refer-
ence lists of retrieved primary studies, relevant reviews
and meta-analyses.

Study selection

Two reviewers (X.Z. and L.K.) independently screened ti-
tles and abstracts of identified studies. Full-text of each
potentially relevant study was obtained for further assess-
ment for inclusion. Discrepancies were resolved by con-
sensus. To be included, studies had to be randomized
controlled trials (RCTs) or comparative observational
studies making head-to-head comparison of patent for-
amen ovale closure with medical therapy in patients with
cryptogenic stroke. All studies had to report at least one
outcome of interest, have a minimal of 20 patients in the
device closure arm and 1-year follow-up.

Outcome measures

The primary outcome was the composite outcome of
ischemic stroke, transient ischemic attack (TIA), or all-
cause death; some studies also included peripheral em-
bolism in this composite outcome. Secondary endpoints
included recurrent ischemic stroke, TIA, all-cause death,
atrial fibrillation (AF) or atrial flutter, pulmonary embol-
ism, major bleeding and any serious adverse events.
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Data extraction and quality assessment

Two investigators independently extracted data from
each study, which included the following items: study
name, number of patients, follow-up duration, patient
demographic and clinical data and outcome events. The
same reviewers independently assessed the quality of
each randomized trial according to the Cochrane Collab-
oration guideline [13] and each observational study with
the Newcastle-Ottawa Scale [14]. Discrepancies were re-
solved through discussion and consensus.

Grading of evidence

Two reviewers graded the overall methodological quality
of each pooled analysis using the Grading of Recommen-
dations, Assessment, Development and Evaluation
(GRADE) approach, which takes into account issues re-
lated to risk of bias, inconsistency, indirectness, impreci-
sion, and publication bias. The quality of evidence was
judged as high, moderate, low or very low, using
GRADEpro version 3.6 (GRADEpro GDT).

Data synthesis and statistical analysis

We performed intention-to-treat analysis whenever pos-
sible. The longest follow-up data from individual trials
were used. Odds ratios (OR) and their corresponding
confidence intervals were calculated for each study and
pooled with random- (DerSimonian-Laird method) or
fixed- (Mantel-Haenszel method) effect models accord-
ing to heterogeneity detected across studies [15]. Het-
erogeneity was analyzed by means of the I statistic and
the x2-based Q test [16]. The cut points were I°>50%
or P of the x2 test <0.1. In case there was no outcome
event in one of the treatment arms, the treatment arm
continuity correction was applied [17]. Publication bias
was assessed by visually inspecting the funnel plots and
by performing Begg’s and Egger’s tests. To explore the
robustness of our findings, we conducted a series of
subgroup analyses based on the study design (RCT or
observational study), number of patients (>400 patients
or <400 patients) and duration of follow-up (>3 years
or <3 years). The number needed to treat or number
needed to harm was calculated from randomized trials
for risk estimates where risk difference was significant,
with the method from meta-analytical estimates but not
treating the data as if it all arose from a single trial
because the latter is susceptible to Simpson’s paradox
[18, 19]. In randomized trials, several prespecified sub-
group analyses were reported, which included gender
(male or female), age (<45 years or >45 years), entry
event (stroke or TIA), shunt size (large or small to mod-
erate), and atrial septal aneurysm (present or absent at
enrollment). We directly extracted and performed
pooled analyses of these data. We also conducted meta-
regression analysis to estimate the effects of covariates,
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including percent of moderate to severe PFO, atrial
septal aneurysm, index event of stroke, and anticoa-
gulation in medical treatment, on major outcomes of
interests. For the effect estimate, a 2-tailed P value
less than 0.05 was considered statistically significant.
Data were analyzed with Stata 12.0 (StataCorp).

Results
Study selection and characteristics
We identified 1408 citations through database

searching. After complete evaluation, 20 studies pub-
lished in 21 articles were included in the final ana-
lysis (Additional file 2: Figure S1) [5-7, 20-37]. Five
studies were RCTs [5, 6, 20-22] and 15 were com-
parative observational studies [23-37]. A total of
6961 patients receiving device closure (n=3375) or
medical therapy (n =3586) were included in the ana-
lysis. Sample size ranged from 92 to 980, the mean
age from 35.3 to 54.0 years, the proportion of male
patients from 42.0% to 76.8%, the median duration of
follow-up from 1.2 to 9.0 years. The percent of index
event of stroke ranged from 30% to 100%, percent of
atrial septal aneurysm from 7.1% to 51.7%, percent of
moderate to severe PFO from 10.5% to 100%. Three
studies [21-23] exclusively used antiplatelet therapy in the
medical therapy group while others used antiplatelet or
anticoagulation therapy or a combination of these two an-
tithrombotic treatments. The percent of patients receiving
anticoagulation therapy was mainly reported in random-
ized trials, ranging from 0 to 34.2%. In most cases, clos-
ure patients received a mixed type of occlude devices,
except those in 5 studies [6, 20, 25-27] that exclusively
used Amplatzer PFO Occluder and those in 1 study [5]
that exclusively used STARFlex Septal Closure System.
Main baseline characteristics for each study are pre-
sented in Table 1. Other study characteristics are pre-
sented in Additional file 2: Table S1 to S3. The
definitions of the composite outcome, major bleeding,
recurrent stroke and TIA are presented in Additional
file 2: Table S4.

In two studies [20, 22], the method of random se-
quence generation was not reported, so they were
judged as being of unclear risk of bias. Blinding of
personnel and participants was not possible for all tri-
als and thus was judged as high risk of bias. All trials
had blinded outcome adjudication; and the risk for
detection bias, attrition bias, reporting bias and other
bias were generally low. All comparative observational
studies scored well on patient selection and outcome,
but only 3 controlled for important confounding fac-
tors [23-25]. Detailed quality assessment of the in-
cluded studies is summarized in Additional file 2:
Table S5 and S6).
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Composite outcome ischemic stroke, TIA, or all-cause death
Percutaneous closure was associated with significantly
lower risk for the composite outcome of ischemic stroke,
TIA, or death from any cause (OR: 0.57; 95% CI: 0.38 to
0.85; P=0.006) compared with medical therapy (Fig. 1).
Limiting the analyses to RCTs, the results were similar
(OR: 0.62; 95% CI: 0.44 to 0.88; P =0.007); the number
needed to treat was 43. A statistically significant lower
risk was also observed in observational studies (OR:
0.53; 95% CI: 0.29 to 0.97; P = 0.040), showing no signifi-
cant difference with randomized trials (P value for inter-
action 0.90). Low and substantial heterogeneity was
detected in randomized trials and observational studies
respectively. Pooled analysis from 5 randomized trials
and 3 adjusted observational studies showed very similar
finding (OR: 0.64; 95% CI: 049 to 0.83; P=0.001)
(Additional file 2: Figure S2).

Recurrent ischemic stroke

Percutaneous closure significantly reduced the risk for re-
current ischemic stroke compared with medical therapy
(OR: 0.39; 95% CI: 0.24 to 0.63; P < 0.001) (Fig. 2). Similar
finding were found in randomized trials (OR: 0.41; 95%
CI: 0.19 to 0.89; P =0.025) and observational studies (OR:
0.36; 95% CI: 0.19 to 0.70; P = 0.002). The number needed
to treat derived from randomized trials was 39.

Transient ischemic attack

The overall incidences of TIA was not statistically differ-
ent between device closure and medical therapy (OR:
0.72; 95% CI: 0.44 to 1.18; P =0.193) (Fig. 3). The lack of
statistically significant difference was consistent in ran-
domized trials (OR: 0.81; 95% CI: 0.56 to 1.17; P = 0.253)
and observational studies (OR: 0.60; 95% CI: 0.22 to
1.64; P =0.322).

All-cause death

Pooled all-cause mortality was similar between device
closure and medical therapy (OR: 0.81; 95% CI: 0.49
to 1.34; P=0.411) (Fig. 4). Consistent findings were
found in randomized trials (OR: 0.84; 95% CI: 0.40 to
1.74; P=0.633) and observational studies (OR: 0.78;
95% CI: 0.49 to 1.34; P=0.847).

Atrial fibrillation or atrial flutter, and pulmonary
embolism

Pooled analysis from randomized trials showed that per-
cutaneous closure significantly increased the risk for
atrial fibrillation or atrial flutter (OR: 5.745 95% CI: 3.08
to 10.70; P < 0.001), and pulmonary embolism (OR: 3.03;
95% CI: 1.06 to 8.63; P =0.038) compared with medical
therapy (Fig. 5a and b). The number needed to harm
was 30 and 143 respectively.
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suevbeen Composits outcome ooy DovesCloure Medoal Therapy oo
Randomized controlled trial :
CLOSURE | (2012) : 0.81(0.46, 1.42) 23/447 29/462 9.49
PC Trial (2013) —'.-— 0.64 (0.24, 1.69) 7/204 11/210 6.93
RESPECT (2017) _i_ 0.61(0.33, 1.11) 18/499 28/481 9.22
CLOSE (2017) —.-:— 0.35(0.15, 0.82) 8/238 21/235 7.73
Subtotal (I-squared = 0.0%, p = 0.457) <> 0.62 (0.44, 0.88) 56/1388 89/1388 33.36
Test of subtotal effect : z = 2.70; p = 0.007 '
Observational study :
Schuchlenz, et al (2005) —_— : 0.03 (0.01, 0.14) 2/167 31/113 4.58
Thanopoulos, et al (2006) | 0.03 (0.00, 0.41) 0/48 13/44 1.73
Harrer, et al (2006) —I.-— 0.68 (0.13, 3.45) 2/34 7/83 3.97
Casaubon, et al (2007) — m 0.38 (0.11, 1.27) 4/47 12/61 5.66
Paciaroni, et al (2011) _I.__ 0.59 (0.22, 1.58) 7121 11117 6.83
Wahl, et al (2012) —i—- 0.57 (0.29, 1.15) 16/103 25/103 8.62
Faggiano, et al (2012) : — 3.67 (1.16, 11.63) 6/99 6/347 5.91
Alushi, et al (2014) ' 1.12(0.47,2.71) 15/262 8/156 7.44
Mirzada, et al (2015) ;t— 0.73 (0.35, 1.50) 14/151 20/163 8.46
Pezzini, et al (2016) —F-- 0.67 (0.35, 1.27) 15/206 33/315 9.01
Moon, et al (2016) _ 1.29 (0.18, 9.36) 2/72 2/92 3.00
Kim, et al (2017) : 0.08 (0.00, 1.86) 0/67 6/91 143
Subtotal (I-squared =70.7%, p < 0.001) <:> 0.53 (0.29, 0.97) 83/1377 174/1685 66.64
Test of subtotal effect : z = 2.05; p = 0.040 1
Overall (I-squared = 61.9%, p = 0.001) <:> 0.57 (0.38, 0.85) 139/2765 263/3073 100.00

1

1

1

T
0.01
Favors Device Closure

Current Standard of Care Treatment

-

Fig. 1 The composite outcome of recurrent stroke, TIA and all-cause death with device closure versus medical therapy. CLOSURE | = Evaluation of
the STARFlex Septal Closure System in Patients with a Stroke and/or Transient Ischemic Attack due to Presumed Paradoxical Embolism; CLOSE =
the Patent Foramen Ovale Closure or Anticoagulants versus Antiplatelet Therapy to Prevent Stroke Recurrence; PC = Percutaneous Closure of
Patent Foramen Ovale in Cryptogenic Embolism; RESPECT = Randomized Evaluation of Recurrent Stroke Comparing PFO Closure to Established

T
10

Favors Medical Therapy

Major bleeding, and any serious adverse events

The incidences of major bleeding (OR: 1.01; 95% CI:
0.55 to 1.86; P =0.967) and any serious adverse events
(OR: 1.07; 95% CI: 0.92 to 1.25; P =0.387) were similar
between device closure and medical therapy (Fig. 5¢
and d).

Grading of evidence
Based on GRADE summaries (Table 2), we deemed the
quality of the evidence to be high for atrial fibrillation or
atrial flutter, low for major bleeding, and moderate for
other major outcomes. Reasons for rating down were
provided in Table 2.

Major subgroup analysis

We performed separate analysis for major outcomes
stratified by study designs, number of patients and dur-
ation of follow-up. All tested summary effects, which in-
cluded the composite outcomes, recurrent ischemic
stroke, TIA and all-cause death, did not differ signifi-
cantly in these stratified subgroups (Additional file 2:
Table S7). We also performed pooled analyses of

prespecified subgroup data from randomized trials, and
found significantly lower incidence of the composite out-
come only in patients with large shunt size, and lower
incidence of recurrent stroke in patients with large shunt
size and those present with atrial septal aneurysm, but
no significant interaction was detected (Additional file 2:
Table S8 and S9).

Additional analyses

There was no evidence of publication bias for all out-
come assessment. Meta-regression did not detect signifi-
cant confounding effect of the aforementioned
covariates on all outcomes (Additional file 2: Table S10).

Discussion

Our analysis with data from 20 studies and 6961 pa-
tients, demonstrated that in patients with a PFO who
had a cryptogenic ischemic stroke, PFO closure was as-
sociated with a significantly lower incidence of the com-
posite outcome of ischemic stroke, TIA, or all-cause
death as compared with medical therapy (moderate-
quality evidence), mainly driven by protection against
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Study (year) Recurrent ischemic stroke Odds Ratio Events/Total ~ Events/Total  Weight
(95% Cl) Device Closure Medical Therapy %
Randomized controlled trial
CLOSURE | (2012) 0.95 (0.43, 2.11) 12/447 13/462 13.33
PC Trial (2013) 0.20 (0.02, 1.74) 1/204 5/210 4.03
RESPECT (2017) 0.61(0.33, 1.11) 18/499 28/481 15.73
CLOSE (2017) 0.03 (0.00, 0.54) 0/238 14/235 2.57
Gore REDUCE (2017) —-— 0.24 (0.09, 0.66) 6/441 12/223 11.08
Subtotal (I-squared = 58.9%, p = 0.045) <> 0.41(0.19, 0.89) 37/1829 72/1611 46.74
Test of subtotal effect : z = 2.24; p = 0.025 :
Observational study :
Schuchlenz, et al (2005) — 0.08 (0.01, 0.64) 1167 8/113 4.23
Thanopoulos, et al (2006) —.—:— 0.05 (0.00, 0.92) 0/48 7144 2.53
Harrer, et al (2006) —:-.— 0.80 (0.15, 4.19) 2/34 6/83 6.05
Casaubon, et al (2007) —.—:—— 0.20 (0.02, 1.72) 1147 6/61 4.04
Lee, et al (2010) = ! 0.05 (0.00, 15.51) 0/22 14/159 0.70
Paciaroni, et al (2011) —.—!— 0.11 (0.01, 0.92) 1121 8/117 4.22
Wahl, et al (2012) : 0.73 (0.25, 2.20) 6/103 8/103 10.05
Faggiano, et al (2012) R 5.56 (0.32, 96.29) 1/99 0/347 251
Mazzucco, et al (2012) H—— 0.33 (0.01, 8.50) 0/50 1152 1.99
Horne, et al (2013) —.—:—— 0.13 (0.01, 2.18) 0/97 3/79 2.50
Mirzada, et al (2015) -:..— 0.71(0.25, 2.04) 6/151 9/163 10.42
Moon, et al (2016) = 0.36 (0.01, 10.26) 0/72 1/92 1.87
Kim, et al (2017) —1 0.08 (0.00, 1.86) 0/67 6/91 214
Subtotal (l-squared = 21.3%, p = 0.228) 0 0.36 (0.19, 0.70) 18/1078 77/1504 53.26
Test of subtotal effect: z = 3.02; p = 0.002 :
Overall (I-squared = 33.4%, p = 0.083) > 0.39 (0.24, 0.63) 55/2907 149/3115 100.00
Test of overall effect : z = 3.82; p <0.001 :
1
0|.01 2|0
Favors Device Closure Favors Medical Therapy
Fig. 2 Recurrent ischemic stroke with device closure versus medical therapy. Gore CLOSURE | = Evaluation of the STARFlex Septal Closure System
in Patients with a Stroke and/or Transient Ischemic Attack due to Presumed Paradoxical Embolism; CLOSE = the Patent Foramen Ovale Closure or
Anticoagulants versus Antiplatelet Therapy to Prevent Stroke Recurrence; PC = Percutaneous Closure of Patent Foramen Ovale in Cryptogenic
Embolism; REDUCE = Gore HELEX Septal Occluder and Antiplatelet Medical Management for Reduction of Recurrent Stroke or Imaging-Confirmed
TIA in Patients with Patent Foramen Ovale; RESPECT = Randomized Evaluation of Recurrent Stroke Comparing PFO Closure to Established Current
Standard of Care Treatment

recurrent ischemic stroke. PFO closure increased the
risks for atrial fibrillation or atrial flutter (high-quality
evidence) and pulmonary embolism (moderate-quality
evidence). The risks for TIA, all-cause death, major
bleeding and any serious adverse events were not differ-
ent. Analyses limited to RCTs closely mirrored these
results, as did a series of subgroup analyses and meta-
regression analyses.

Several meta-analyses on this topic have been pub-
lished, but all were pooled from 3 trials published in
2012 and 2013 [8-11]. These meta-analyses, with
small-to-moderate sample size (~2300 patient in
total), were inadequately powered to draw conclusions
on rare individual outcomes such as stroke. We in-
cluded a number of recently published high-quality
RCTs and observational studies, thus had a much lar-
ger sample size and an enhanced statistical power. A
series of subgroup analyses with similar results sup-
ported the robustness of our findings. We also graded
the quality of evidence using appropriate methodology
(GRADE).

We showed that PFO closure might increase the likeli-
hood of AF or atrial flutter (most was periprocedure),
but the real burden of AF cannot be determined from
our analysis because these included trials did not use
continuous monitoring to monitor subclinical AF epi-
sodes. Subclinical episodes of AF were not uncommon
and were associated with a significantly increased risk of
stroke [38]. Also data about the autonomic function of
the heart and heart rate variability was not reported, it
would be interesting to have these data as autonomic
dysfunction significantly contributed to silent AF [39].
Nevertheless, atrial fibrillation in our analysis seems not
to increase the overall risk of stroke, as the overall risk
for stroke was actually significantly reduced.

In the RESPECT trial, the benefit of PFO closure as
compared with medical therapy was greater among pa-
tients receiving antiplatelet than anticoagulant therapy
in the medical-therapy group [7, 20]. A meta-analysis
with 8 studies also showed that anticoagulant therapy
with warfarin might be superior to antiplatelet therapy
in preventing recurrent stroke or TIA in patients with
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Study (year) Transient ischemic attack Odds Ratio Events/Total Events/Total Weight
(95% Cl) Device Closure Medical Therapy ~ %
Randomized controlled trial :
CLOSURE | (2012) 0.78 (0.38, 1.63) 13/447 17/462 10.56
PC Trial (2013) _i._ 0.73(0.23, 2.33) 5/204 71210 7.84
RESPECT (2017) —-— 0.70(0.37, 1.33) 17/499 23/481 11.17
CLOSE (2017) ; 0.99 (0.36, 2.67) 8/238 8/235 8.85
Gore REDUCE (2017) :‘::: 0.98 (0.42, 2.32) 17/383 8177 9.73
Subtotal (I-squared = 0.0%, p = 0.966) <:> 0.81(0.56, 1.17) 60/1771 63/1565 48.15
Test of subtotal effect: z= 1.14; p = 0.253 i
Observational study :
Schuchlenz, et al (2005) <~ : 0.02(0.00, 0.18) 1167 23/113 4.22
Thanopoulos, et al (2006) %I—:— 0.06 (0.00, 1.11) 0/48 6/44 250
Harrer, et al (2006) : 0.26 (0.01, 11.97) 0/34 2/83 1.50
Casaubon, et al (2007) —.‘—— 0.63 (0.15, 2.64) 3/47 6/61 6.39
Paciaroni, et al (2011) -:_—.— 3.00 (0.59, 15.18) 6/121 2117 5.60
Wahl, et al (2012) —.—:— 0.32(0.11,0.94) 5/103 14/103 8.45
Faggiano, et al (2012) : — 6.10 (1.43, 25.99) 5/99 3/347 6.35
Home, et al (2013) _._:__ 0.44 (0.12, 1.57) 4/97 7179 7.27
Mirzada, et al (2015) _i._ 0.71(0.20, 2.57) 4/151 6/163 717
Moon, et al (2016) _:_—H 5.71(0.31, 105.80) 2/72 0/92 241
Kim, et al (2017) : Not estimable 0/67 0/91 0.00
Subtotal (I-squared =71.5%, p = 0.000) C:> 0.60 (0.22, 1.64) 30/1006 69/1293 51.85
Test of subtotal effect : z = 0.99; p = 0.322 1
Overall (I-squared = 56.7%, p = 0.004) ¢:> 0.72(0.44, 1.18) 90/2777 132/2858 100.00
Test of overall effect : z = 1.30; p =0.193 :
T * T
0.01 1 10
Favors Device Closure Favors Medical Therapy

Fig. 3 Transient ischemic attack with device closure versus medical therapy. Gore CLOSURE | = Evaluation of the STARFlex Septal Closure System
in Patients with a Stroke and/or Transient Ischemic Attack due to Presumed Paradoxical Embolism; CLOSE = the Patent Foramen Ovale Closure or
Anticoagulants versus Antiplatelet Therapy to Prevent Stroke Recurrence; PC = Percutaneous Closure of Patent Foramen Ovale in Cryptogenic
Embolism; REDUCE = Gore HELEX Septal Occluder and Antiplatelet Medical Management for Reduction of Recurrent Stroke or Imaging-Confirmed
TIA in Patients with Patent Foramen Ovale; RESPECT = Randomized Evaluation of Recurrent Stroke Comparing PFO Closure to Established Current
Standard of Care Treatment

Study (year) All-cause death Odds Ratio Events/Total ~ Events/Total  Weight
(95% Cl) Device Closure Medical Therapy %

Randomized controlled trial :
CLOSURE | (2012) —..A:_— 0.57 (0.10, 3.11) 2/402 4/458 11.03
PC Trial (2013) —;——.ﬁ 5.11(0.25, 105.22) 2/204 0/210 1.46
RESPECT (2017) _.__ 0.61(0.23, 1.58) 7/499 11/481 32.75
Gore REDUCE (2017) : 4.03 (0.11, 146.37) 2/441 0/223 1.31
CLOSE (2017) : Not estimable 0/238 0/235 0.00
Subtotal (I-squared = 0.0%, p = 0.434) <t> 0.84 (0.40, 1.74) 13/1784 15/1607 46.57
Test of subtotal effect : z = 0.48; p = 0.633 :
Observational study E
Paciaroni, et al (2011) H_;_ 0.33 (0.01, 7.96) 0/121 1117 448
Wahl, et al (2012) i 1.00 (0.31, 3.21) 6/103 6/103 16.76
Faggiano, et al (2012) ! 0.38 (0.05, 3.06) 1/99 9/347 11.73
Mirzada, et al (2015) J 1.08 (0.34, 3.43) 6/151 6/163 16.43
Moon, et al (2016) = i 0.36 (0.01, 10.26) 0/72 1192 4.04
Kim, et al (2017) : Not estimable 0/67 0/91 0.00
Subtotal (I-squared = 0.0%, p = 0.840) <::> 0.78 (0.39, 1.58) 13/613 23/913 53.43
Test of subtotal effect : z = 0.68; p = 0.498 :
Overall (I-squared = 0.0%, p = 0.847) <:> 0.81(0.49, 1.34) 26/2397 38/2520 100.00
Test of overall effect: z = 0.82; p = 0.411 '

.

0.I05 ZIS
Favors Device Closure Favors Medical Therapy

Fig. 4 All-cause death with device closure versus medical therapy. Gore CLOSURE | = Evaluation of the STARFlex Septal Closure System in Patients
with a Stroke and/or Transient Ischemic Attack due to Presumed Paradoxical Embolism; CLOSE = the Patent Foramen Ovale Closure or
Anticoagulants versus Antiplatelet Therapy to Prevent Stroke Recurrence; PC = Percutaneous Closure of Patent Foramen Ovale in Cryptogenic
Embolism; REDUCE = Gore HELEX Septal Occluder and Antiplatelet Medical Management for Reduction of Recurrent Stroke or Imaging-Confirmed
TIA in Patients with Patent Foramen Ovale; RESPECT = Randomized Evaluation of Recurrent Stroke Comparing PFO Closure to Established Current
Standard of Care Treatment
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T
0.5 1

Study (year) Odds Ratio Events/Total Events/Total Weight

a Atrial fibrillation or atrial flutter (95% CI) Device Closure  Medical Therapy %
CLOSURE | (2012) —;.— 9.20 (2.74, 30.89) 23/402 3/458 22.53
PC Trial (2013) =t 3.15(0.63, 15.80) 6/204 2/210 16.30
RESPECT (2017) = ' 1.70 (0.49, 5.83) 71499 4/481 34.23
CLOSE (2017) —*— 5.65 (1.24, 25.75) 11/238 2/235 16.36
Gore REDUCE (2017) By a— 15.63 (2.11, 115.48)  29/441 1/223 10.58
Overall (I-squared = 31.3%, p = 0.213) @ 5.74 (3.08, 10.70) 76/1784 12/1607 100.00
Test of overall effect: z = 5.51; p < 0.001

b 0‘.5 1 i :;O

Pulmonary embolism
RESPECT (2017) _:_._ 3.93 (1.10, 14.00) 12/499 3/481 62.11
CLOSE (2017) i > 3.00 (0.12, 74.52) 1/238 0/235 10.35
Gore REDUCE (2017) - ! 1.01 (0.09, 11.21) 2/441 1/223 27.54
PC Trial (2013) i Not estimable 0/204 0/210 0.00
Overall (I-squared = 0.0%, p = 0.619) <> 3.03 (1.06, 8.63) 15/1382 4/1149 100.00
Test of overall effect : z = 2.07; p = 0.038
01 1 25

C Major bleeding
CLOSURE | (2012) = 2.51(0.78, 8.09) 10/378 4/374 18.93
PC Trial (2013) € L 0.34 (0.04, 3.29) 1/204 3/210 14.22
RESPECT (2017) > 2.90 (0.30, 28.01) 3/499 1/481 4.89
CLOSE (2017) — 0.39 (0.07, 2.03) 2/238 5/235 2412
Gore REDUCE (2017) — 0.67 (0.23, 1.95) 8/441 6/223 37.83
Overall (I-squared = 32.3%, p = 0.206) < 1.01 (0.55, 1.86) 24/1760 19/1523 100.00
Test of overall effect : z = 0.04; p = 0.967

0|.05 1 1|0

d Any serious adverse events
CLOSURE | (2012) h: 1.02 (0.71, 1.46) 68/402 76/458 19.24
PC Trial (2013) : > 1.25(0.77, 2.04) 43/204 37/210 9.38
RESPECT (2017) S 1.20 (0.93, 1.55) 201/499 173/481 34.29
CLOSE (2017) — 1.12(0.77, 1.63) 85/238 78/235 16.45
Gore REDUCE (2017) — : 0.78 (0.54, 1.13) 102/441 62/223 20.64
Overall (I-squared = 1.9%, p = 0.396) <> 1.07 (0.92, 1.25) 499/1784 426/1607 100.00
Test of overall effect : z = 0.86; p = 0.387 v

I

25

Favors Device Closure

Favors Medical Therapy

Fig. 5 Adverse events with device closure versus medical therapy. Atrial fibrillation or atrial flutter (a), pulmonary embolism (b), major bleeding
(c) and any serious adverse events (d) with device closure versus medical therapy. Gore CLOSURE | = Evaluation of the STARFlex Septal Closure
System in Patients with a Stroke and/or Transient Ischemic Attack due to Presumed Paradoxical Embolism; CLOSE = the Patent Foramen Ovale

to Established Current Standard of Care Treatment

Closure or Anticoagulants versus Antiplatelet Therapy to Prevent Stroke Recurrence; PC = Percutaneous Closure of Patent Foramen Ovale in
Cryptogenic Embolism; REDUCE = Gore HELEX Septal Occluder and Antiplatelet Medical Management for Reduction of Recurrent Stroke or
Imaging-Confirmed TIA in Patients with Patent Foramen Ovale; RESPECT = Randomized Evaluation of Recurrent Stroke Comparing PFO Closure

PFO [40]. However, there is a body of evidence not
corroborating these findings. A comprehensive meta-
analysis with individual participant data from 12 data-
bases did not report a difference in composite outcome
of recurrent stroke, TIA or death, or the individual out-
come of stroke alone [41]. The very recently released in-
terim analysis of the NAVIGATE ESUS trial, which
compared novel oral anticoagulants rivaroxaban with as-
pirin in patients with cryptogenic embolic stroke, did
not detect a difference in rate of stroke or systemic em-
bolism after enrolling 7214 patients [42]. Also in our
meta-regression analysis, no interaction was detected be-
tween these 2 medical treatment options with respect to
the primary and secondary outcomes. As such, currently

available data do not provide definite conclusions on
whether antiplatelet or anticoagulation medications are
superior for patients with a PFO and stroke [43].

In the setting of PFO and concurrent deep venous
thrombosis (DVT) without cancer, in which patients are
indicated to receive anticoagulant therapy (dabigatran,
rivaroxaban, apixaban, or edoxaban over vitamin K an-
tagonist), the most recent 2014 American Heart Associ-
ation (AHA) and American Stroke Association guideline
recommended that PFO closure might be considered,
depending on the risk of recurrent DVT [44]. It should
be noted that our observations were obtained on the
basis that the vast majority of patients (~ 98%) did not
have DVT, in which most patients received antiplatelet
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Table 2 GRADE assessment of confidence in estimates of effect in randomized trials

Outcome No. of participants  Risk of bias ~ Consistency ~ Directness Precision Publication bias  Quality Odds ratio
(trials) (95% Cl)
Composite 2776 (4) No serious No serious Serious No serious Not detected Moderate 062
outcome limitations limitations limitations® limitations (044, 0.88)
Recurrent 3440 (5) No serious Serious No serious No serious Not detected Moderate 041
ischemic stroke limitations limitations' limitations limitations (0.19, 0.89)
TIA 3336 (5) No serious No serious No serious Serious Not detected Moderate 0.81
limitations limitations limitations limitations® (0.56, 1.17)
All-cause death 3391 (5) No serious No serious No serious Serious Not detected Moderate 0.84
limitations limitations limitations limitations” (040, 1.74)
Atrial fibrillation 3391 (5) No serious No serious No serious No serious Not detected High 574
or atrial flutter limitations limitations® limitations limitations (3.08, 10.70)
Pulmonary 2531 (4) No serious No serious No serious Serious Not detected Moderate  3.03
embolism limitations limitations limitations limitations® (1.06, 8.63)
Major bleeding 3283 (5) No serious No serious Serious Serious Not detected Low 1.01
limitations limitations* limitations® limitations® (055, 1.86)

GRADE Grading of Recommendations Assessment, Development and Evaluation, OR odds ratio, TIA transient ischemic attack

"Moderate to substantial heterogeneity: I> = 59%
12 =31 and 32% respectively. Did not downgrade for mild heterogeneity

SDefinitions of the composite outcome and major bleeding varied across trials. In 2 trials, peripheral embolism or systemic embolism was included in the

definition of composite outcome

995% confidence interval (Cl) suggests potential for benefit and harm. Low number of outcome events

therapy in the medical therapy. The American guide-
lines, however, did not recommend PFO closure in these
set of patients (class III, level of evidence A). It is im-
portant to realize that the guideline was written when
the current evidence was yet not available. Based on the
updated evidence from randomized trials and our meta-
analysis, PFO closure might be an alternative in young
patients with PFO and cryptogenic stroke without DVT,
particular in but not limited to those concomitant with
the presence of an atrial septal aneurysm or large shunt
size. Whether benefits of closure would be achieved in
other subgroup populations awaits further study. It is
important to take into account the benefits in reducing
risks for stroke but also the harm in increasing pulmon-
ary embolism.

There are several limitations in our study. First, most
observational studies included in our meta-analysis were
not adjusted for confounding factors. Second, definitions
of the outcomes of interest were not identical across
studies. Third, substantial heterogeneity was observed in
several analyses. Fourth, results of meta-regression ana-
lyses and prespecified subgroup data can only be consid-
ered exploratory. Fifth, performance of different device
cannot be performed. Finally, our findings cannot be
generalized to patients older than 60 years of age.

Conclusions

Compared with medical therapy for the secondary pre-
vention of cryptogenic stroke, our study showed
moderate-quality evidence that PFO closure was associ-
ated with significantly lower incidence of the composite
outcome of ischemic stroke, TIA, or all-cause death,

which was mainly driven by lower risk for ischemic
stroke. However, PFO closure increased the risks for
atrial fibrillation or atrial flutter (high-quality evidence)
and pulmonary embolism (moderate-quality evidence).
The risks for TIA, all-cause death, and major bleeding
were similar.
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