








our worst-case analysis (all PFO intervention arm
patients excluded from complete case analysis having
non-fatal ischaemic stroke, none of participants

excluded from the medical therapy arm having non-fatal
ischaemic stroke), RR=4.22, 95% CI 2.93 to 6.08 (hetero-
geneity: p=0.39, I2=0%). In our plausible worst-case ana-
lysis in which excluded PFO closure patients had fivefold
increased rate of stroke (relative to included partici-
pants) and excluded medical therapy patients had a 1/5
rate of stroke (relative to included participants), PFO
closure was associated with an RR=0.96, 95% CI 0.56 to
1.66 (heterogeneity: p=0.28, I2=21%). Although some
might consider the 5:1 ratio we have tested beyond the
range of plausibility, there is empirical support for this
choice16 and our results support rating down confidence
in estimates for risk of bias related to missing data.
In the two studies providing per protocol event rates

for non-fatal ischaemic stroke there were 18 vs 27 non-
fatal ischaemic strokes yielding an RR of 0.66, 95% CI
0.32 to 1.38 (heterogeneity: p=0.23, I2=32%).
As previous observational studies suggest that patients

with cryptogenic stroke and PFO may be at higher risk
for recurrent stroke if they have a concomitant atrial
septal aneurysm, we also examined pooled rates of the
primary composite endpoint of the studies in this
subset. There were 13 events among 378 patients with
atrial septal aneurysm undergoing closure compared
with 20 events among 380 patients undergoing medical
therapy (RR 0.71, 95% CI 0.22 to 2.27; heterogeneity:
p=0.11, I2=55%).

Transient ischaemic attacks
Pooling complete case data from the three studies, there
were 23 vs 28 TIAs in the PFO closure and medical treat-
ment groups, respectively (RR 0.76, 95% CI 0.44 to 1.32;Figure 1 Risk of bias in individual studies.

Table 2 Characteristics of patients in eligible studies

CLOSURE 1 RESPECT PC Trial

N 909 980 414

Mean age±SD 46.0 45.9 44.5

Male (%) 51.8 54.7 49.8

Smoker (%) 22.1 13.3 23.9

Medical history (%)

Diabetes NR 7.4 2.7

Hypertension 31.0 31.4 25.8

Hyperlipidaemia 44.1 39.5 27.1

Ischaemic heart disease 1.1 2.9 1.9

Myocardial infarction 1.3 0.7 1

Valvular dysfunction 10.3 NR 3.1

Peripheral vascular disease 1.3 0.6 1.2

Index event (%)

Stroke 72 100* 79.2

TIA 28 0 18.1

Peripheral arterial embolism 0 0 2.7

PFO characteristics (%)

Moderate or higher shunt 52.9 75.2 65.6†

Atrial septal aneurysm >10 mm 37.8‡ 35.6 23.7

*Included patients with symptoms for less than 24 h if new neuroradiologically relevant cerebral infarct on imaging.
†369 of 414 patients with TEE.
‡151/400 patients with TEE.
NR, not reported; PFO, patent foramen ovale; TEE, transesophageal echocardiogram; TIA, transient ischaemic attack.
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heterogeneity: p=0.64, I2=0%). PFO closure may be asso-
ciated with six fewer TIAs over a period of 5 years (CI 15
fewer to 9 more, moderate confidence because of risk of
bias (figure 3, table 3).

Total mortality
There were seven deaths in the PFO closure arm vs 10
deaths in the medical treatment arm of the three studies
(RD −0.00, 95% CI −0.01, 0.01; heterogeneity: p=0.23,
I2=31%). None of the deaths were deemed secondary to
treatment (PFO closure or antithrombotic therapy) or
stroke. PFO closure may have no effect on mortality over
a period of 5 years (CI 10 fewer to 10 more, low confi-
dence because of risk of bias and imprecision, table 3).

Adverse events
Pooling data from all three studies, bleeding occurred in
13 vs 7 patients in the PFO closure vs medical treatment
arms (all were major bleeds except two bleeds from
RESPECT study not classified) (RD 0.00, 95% CI −0.01
to 0.02; heterogeneity p=0.12, I2=53%, see figure 4).
PFO closure may have no effect on major bleeding over
a period of 5 years (CI 10 fewer to 20 more, moderate
confidence because of risk of bias, table 3).
Atrial fibrillation occurred in 32 patients undergoing

PFO closure vs 8 patients treated with medical therapy
(RD 0.02, 95% −0.02 to 0.06; heterogeneity: p<0.00001,
I2=93%). PFO closure may be associated with 20 more
cases of atrial fibrillation per 1000 treated compared
with medical therapy over a period of 5 years (CI 20
fewer to 60 more, very low confidence because of risk of
bias, inconsistency and imprecision, table 3). Of the 23
cases of atrial fibrillation reported after PFO closure in
the CLOSURE I study six were deemed ‘sustained’—
atrial fibrillation in the medical group was not charac-
terised. Of the eight cases of atrial fibrillation in the PC
Trial occurring after PFO closure two were transient (in
PFO closure arm) and six required cardioversion or
were sustained. Atrial fibrillation was not characterised
as transient or sustained in the RESPECT study.
We were unable to pool data regarding procedural or

device-related complications given differences between
studies in reporting styles. Serious procedural or device-
related adverse events (in addition to bleeding, ischaemic
stroke, atrial fibrillation which have already been captured
in previous analyses) were reported in 15 patients in the
RESPECT trial (3%). This included eight procedural-

related events. Major vascular events related to the proced-
ure occurred in 13 of the 402 patients (3.2%) in whom
PFO closure was attempted in CLOSURE I—these
included six major bleeding episodes already captured
above. The total number of serious procedural-related
adverse events was not specifically reported in the PC Trial
although it was noted that no device-related thrombi
occurred.

DISCUSSION
A decade ago, a meta-analysis of observational studies
suggested that transcatheter closure of PFO in patients
with cryptogenic stroke may prevent more strokes than
medical therapy.3 The authors noted important limita-
tions in available data and highlighted the need for RCTs
to resolve the issue. Since then, thousands of patients
have undergone this procedure in a non-RCT setting.
We now have data from three RCTs comparing trans-

catheter PFO closure to medical therapy in patients with
cryptogenic stroke or TIA and PFOs. Our analysis sug-
gests a possible benefit of closure on the major outcome
of stroke (RR 0.61, 95% CI 0.34 to 1.07). Confidence in
the estimate of 20 fewer strokes per 1000 is, however, low,
both because of problems with risk of bias and impreci-
sion (CIs include an increase in stroke of 4/1000).
Analyses for ischaemic stroke restricted to ‘per protocol’
patients or patients with concomitant atrial septal aneur-
ysm did not substantially change the observed RRs.
We conducted subgroup analyses evaluating the

impact of PFO closure on non-fatal stroke separately in
the two studies using the Amplatzer closure device vs the
one study using the STARFlex device. Pooled data from
the Amplatzer studies suggests that PFO closure may be
associated with a decrease in non-fatal ischaemic stroke
(RR 0.44, 95% CI 0.21 to 0.93), whereas no benefit was
observed in the study using the STARFlex device.
Although the subgroup hypothesis was made a priori
and differences are in the anticipated direction, the ana-
lysis is based on between group differences, has not
been replicated and differences between results with the
two devices is easily explained by chance (p=0.22).
Thus, the subgroup hypothesis has low credibility.17

There have been three other meta-analyses. They are
limited, however, by failure to fully consider risk of bias
issues, failure to use the GRADE approach to determine
overall confidence in estimates of intervention effect

Figure 2 Pooled risk of non-fatal ischaemic stroke with patent foramen ovale closure versus medical therapy.
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Table 3 GRADE assessment of quality of evidence

Quality assessment Summary of findings

Number of

participants

(studies) Risk of bias Inconsistency Indirectness Imprecision

Publication

bias

Relative

effect

or risk

difference

(95% CI)

Anticipated absolute effects

Time frame: 5 years

Quality of evidence

Risk with

medical

therapy

Risk difference

with PFO closure

(95% CI)

Non-fatal ischaemic stroke (critical outcome)

1968

(3 RCTs)

Serious

limitations*

No serious

limitations

No serious

limitations

Imprecise

CI includes benefit

and no effect

Undetected RR 0.61

(0.34 to 1.07)

52/1000† 20 fewer per 1000

(from 34 fewer to 4

more)

⊕⊕ОО
LOW due to risk of bias and

imprecision

TIA (important outcome)

1968

(3 RCTs)

Serious

limitations*

No serious

limitations

No serious

limitations

No serious

limitations‡

Undetected RR 0.76

(0.44 to 1.32)

27/1000§ 6 fewer per 1000

(from 15 fewer to 9

more)

⊕⊕⊕О
MODERATE due to risk of bias

Total mortality (critical outcome)¶

1968 (3 RCTs) Serious

limitations*

No serious

limitations

No serious

limitations

Imprecise

CI includes benefit

and harm

Undetected RD 0.00

(−0.01, 0.01)
15/1000** 0 fewer per 1000

(from 10 fewer to

10 more)

⊕⊕ОО
LOW due to risk of bias and

imprecision

Major bleeding (important outcome)

2254

(3 RCTs)

Serious

limitations*

No serious

inconsistency

No serious

limitations‡

No serious

limitations

Undetected RD 0.00

(−0.01, 0.02)
7/1000†† 0 more per 1000

(10 fewer to 20

more)

⊕⊕⊕О
MODERATE due to risk of bias

Atrial fibrillation (important outcome)‡‡

2254

(3 RCTs)

Serious

limitations*

Serious

inconsistency§§

No serious

limitations

Imprecise

CI includes benefit

and harm

Undetected RD 0.02

(−0.02, 0.06)
12/1000¶¶ 20 more per 1000

(20 fewer to 60

more)

⊕ООО
VERY LOW due to risk of bias,

inconsistency and imprecision

*Serious risk of bias due to substantial loss to follow-up in each of the three studies; loss to follow-up greater in medical therapy arms. See text for other potential sources of bias in individual
studies.
†Baseline rate derived from pooled RESPECT and PC Trial data—21 non-fatal ischaemic strokes detected in medical therapy arm over a total of 2019 patient-years×1000×5 years.
‡Although CI includes benefit and harm, magnitude of extremes for this type of outcome deemed too low to appreciably impact patient decision-making.
§Baseline rate derived from pooled RESPECT and PC Trial data—11 TIAs detected in medical therapy arm over a total of 2019 patient-years×1000×5 years.
¶None of deaths due to stroke, treatment related bleeding, or device implantation.
**Baseline rate derived from pooled RESPECT and PC Trial data—6 cases of total mortality detected in medical therapy arm over a total of 2019 patient years×1000×5 years.
††Baseline rate derived from pooled RESPECT and PC Trial data—3 cases of major bleeding detected in medical therapy arm over a total of 2019 patient-years×1000×5 years.
‡‡Type of atrial fibrillation (transient vs sustained) not reported in medical therapy arms or in PFO closure arm of RESPECT study. Of 31 cases of atrial fibrillation in the remaining 2 studies
19 were characterised as transient.
§§I2=93%, p≤0.00001.
¶¶Baseline rate derived from pooled RESPECT and PC Trial data—five cases of atrial fibrillation detected in the medical therapy arm over a total of 2019 patient-years×1000×5 years.
PFO, patent foramen ovale; RD, risk difference; RR, risk ratio; RCT, randomised controlled trial; TIA, transient ischaemic attack.
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and failure to consider the limitations of composite end-
points.18–20 In the most recent of these analyses, PFO
closure was associated with an effect-estimate HR of 0.67
(95% CI 0.44 to 1.00) for the prevention of ‘neuro-
logical events’. However, it appears that this composite
endpoint included the softer endpoint of TIA in addi-
tion to stroke and mortality.
It is possible that a larger sample size and more rigor-

ously performed studies would definitively identify an
important benefit in the total patient population, or in a
subgroup. Our review demonstrates, however, that such
additional studies may also fail to demonstrate benefit or
in comparison to effective antithrombotic prophylaxis,
may demonstrate an increase in strokes.
Although some concern arises from the possible lack of

concealment of randomisation in one study and the
apparent failure to blind outcome adjudication in
another, the major problem in terms of risk of bias is the
high loss to follow-up in these studies and the twofold
greater loss to follow-up in patients in the medical
therapy arms than the PFO closure arms (overall 9% in
PFO and 18% in the medical therapy arms).
Our primary analysis was restricted to patients with

available data (complete case analysis). If event rates dif-
fered in those with missing data in intervention and
control groups—of particular concern would be higher
rates of events in those lost to follow-up in the PFO
closure arm than the medical therapy arm—the com-
plete case results may be misleading. In an additional
analysis in which patients lost to follow-up in the PFO
arm were assumed to have fivefold increased risk of
stroke and those lost to follow-up in the medical therapy
arm had a fivefold decreased risk of stroke, there was no
longer a trend favouring PFO closure (RR 0.96). This
finding supports our rating down confidence in esti-
mates of effect for risk of bias.

Another issue is the rigour with which control arm
clinicians encouraged compliance with antithrombotic
prophylaxis in medical patients. In two of the studies,
dose and type of antithrombotic therapy in the medical
therapy arm were left to the treating physician’s discre-
tion. Only one of the studies reported adherence
and/or changes over time in medical therapy in both
arms. Leaving therapy in the medical arm to the physi-
cian’s discretion could be considered to represent ‘usual
care’ for those randomised to medical therapy. Usual
care may, however, change over time and differ in the
jurisdictions in which the trial is conducted in compari-
son to other jurisdictions. Patients and clinicians may,
therefore, be more interested in the effect of PFO
closure versus a particular antithrombotic regimen with
a high level of adherence. Unfortunately, there have
been no RCTs adequately comparing specific antiplate-
let or antithrombotic therapies for this indication.
Stroke occurring due to paradoxical emboli through a

PFO results from thrombi originating in the venous circu-
lation or perhaps from the associated atrial septal aneur-
ysm itself.21 22 Warfarin has been shown to be more
effective than antiplatelet therapy for the treatment and
secondary prevention of venous thromboembolic events.
Observational studies suggest that oral anticoagulation is
superior to aspirin for the prevention of stroke in patients
with PFO albeit with increased bleeding.23 24 In the
Patent Foramen Ovale in Cryptogenic Stroke Study (sub-
study of the randomised Warfarin-Aspirin Recurrent
Stroke Study) there were 98 patients with cryptogenic
stroke and PFO—42 were randomised to warfarin and 56
received aspirin.25 Two-year rates of recurrent stroke were
lower in patients receiving warfarin (9.5% vs 17.9%,) but
chance easily explains this (p=0.28).
Given the uncertainty of the optimal antithrombotic

regimen, subsequent trials must give this issue careful

Figure 3 Pooled risk of transient ischaemic attack with patent foramen ovale closure versus medical therapy.

Figure 4 Pooled risk of major bleeding with patent foramen ovale closure versus medical therapy.
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thought. One option for the medical arm would be
careful exploration of individual patient values and pre-
ferences. Patients highly averse to bleeding risk and the
burdens of anticoagulant therapy could receive only an
antiplatelet agent, whereas those less bleeding and
burden averse could receive an anticoagulant. Use of an
oral anticoagulant rather than warfarin in those choos-
ing anticoagulation would be a possibility. Such an
approach might represent optimal medical care,
perhaps the appropriate comparator to PFO closure.
Another option would be three-arm study with both anti-
platelet and anticoagulant arms.
We conclude that the available data warrants only low

confidence in the impact of PFO versus medical therapy.
Thus, additional RCTs are still required—two such
studies are listed as actively recruiting on the NIH
website ClinicalTrials.gov. Ideally, when pooled across
studies, sample sizes will be large enough to definitively
establish the impact of PFO closure versus medical
therapy on the most important outcome, ischaemic
stroke. As important, results will be more compelling if
the ongoing studies have implemented successful strat-
egies to ensure complete or near-complete follow-up
and have paid careful attention to decisions regarding
medical prophylaxis and optimising adherence in both
arms of the study. In the interval, patients should be
made aware of the management options and the uncer-
tainty underlying their effectiveness.
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