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An Updated Meta-Analysis Comparing Percutaneous Device Closure with
Medical Therapy Alone for Patent Foramen Ovale in Patients with
Cryptogenic Stroke
Cardiovascular Revascularization Medicine
To the Editor

Stroke is a leading cause of mortality and disability worldwide. It is esti-
mated that about 1 of 3 ischemic strokes are cryptogenic. Several observa-
tional studies have shown that patent foramen ovale (PFO) is associated
with cryptogenic stroke. Although early randomized controlled trials
(RCTs) failed individually to prove the superiority of PFO closure over med-
ical therapy alone (MTA), a result of poor patient and device selection [1,2],
new trials andmeta-analyses in the last year proved device closure was su-
perior [3,4]. However, in recentmonths, a newpositive RCT (DEFENCE-PFO)
has been reported, making previousmeta-analyses arguably out of date [5].

Thismeta-analysiswas performed according to the PRISMAguidelines.
Scientific databases were searched for relevant RCTs. Trials were included
if they enrolled cryptogenic stroke patients with PFO and randomly
assigned them to either device closure orMTA. Pooled risk ratioswere cal-
culated using a random-effectsmodel. In the CLOSURE-I trial, the STARFlex
device was used, but it is no longer commercially available because of its
low procedural success rate [1]. Therefore, the CLOSURE I trial was ex-
cluded from our additional sensitivity analysis to improve the generaliz-
ability of our findings. Publication bias was not assessed because the
number of included trialswas inadequate (b10) to properly assess a funnel
plot or to use more advanced regression-based assessments [6].

Data from 6 RCTs enrolling 3747 patientswere included. Compared to
MTA, PFO closure decreased recurrent stroke risk by 59% (RR, 0.41; 95%CI,
0.20–0.82; P= 0.012; Fig. 1A). Statistically significant heterogeneity be-
tween trials was not found. The benefits of PFO closure overMTA became
even more robust after excluding the CLOSURE I trial (RR, 0.30; 95% CI,
0.13–0.67; P = 0.003). Device closure was also associated with a nearly
four-fold greater risk of new-onset atrial fibrillation (AF) compared to
MTA (RR, 3.94; 95% CI, 2.07–7.49; P b 0.001; Fig. 1B). Significant heteroge-
neity between trialswas not found for AF risk (I2=18.2%). Device closure
did not decrease risk of transient ischemic attack TIA (RR, 0.78; 95% CI,
0.53–1.14; P = 0.211) or all-cause mortality (RR, 0.74; 95% CI, 0.35–
1.57; P=0.445). In addition, risk of major bleeding was similar between
the two therapies (RR, 0.63; 95% CI, 0.23–1.66; P=0.353; Fig. 1C). How-
ever, moderate heterogeneity (I2 = 48.3%) was found for risk of major
bleeding. Sensitivity analysis suggests this heterogeneity was derived
from the CLOSURE I trial; once it was removed, heterogeneity resolved
(I2 = 0%), and device therapy was associated with a statistically signifi-
cant decrease in risk of major bleeding (RR, 0.43; 95% CI, 0.20–0.93; P=
0.032; Fig. 1D). This heterogeneity is derived from use of an old genera-
tion device (the STARFlex, associated with higher complication rates, in-
cluding bleeding rate) in the CLOSURE I trial.
https://doi.org/10.1016/j.carrev.2019.07.008
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Several studies have shown strong associations between PFO and
cryptogenic stroke, particularly among those aged b60 years. However,
the first three RCTs (CLOSURE I, PC, and RESPECT) individually failed to
show differences between treatment with a transcatheter device and
MTA [1,2]. The 3 more recent trials (CLOSE, REDUCE, and DEFENCE-
PFO) and long-term follow-up of RESPECT participants showed the
PFO device was superior to MTA [3–5]. It has been suggested that
these recent positive results stem from better patient selection using
thorough evaluations to identify true cryptogenic stroke [5]. This high-
lights the importance of a thorough evaluation to identify true crypto-
genic stroke before PFO closure with a device.

Previous RCTs as well as this meta-analysis show that device closure is
associated with increased risk of new-onset AF. However, absolute risk
seems low. At times, AFwas transient, occurring only during the procedure.
In addition, it seems AF risk is lower when the FDA-approved Amplatzer
PFO occluder is used. Nevertheless, it is a critical safety issue, and patients
must be informed about this potential risk during shared decision-making.

In conclusion, in this updatedmeta-analysis of six RCTs involving the
largest sample size to date, we found that in patients with cryptogenic
stroke, device closure for PFO, compared to MTA, decreases recurrent
risk of stroke and increases the incidence of AF. In addition, with the
large sample size, we were able to show that the use of new-
generation devices is associatedwith lower risk of major bleeding com-
pared to MTA; this potential benefit of device closure has not yet been
reportedly found using meta-analysis (likely because of a type II error).
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Fig. 1. Individual and pooled risk ratios for (A) recurrent stroke, (B) atrial fibrillation (AF), (C) major bleeding and (D) major bleeding excluding Closure trial.
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