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Foramen ovale is one of the essential shunts of the fetal
blood flow allowing oxygenated blood to enter the sys-
temic circulation. At birth, as the lungs expand, and oxy-
gen fills the alveoli, the variety of subsequent hemody-
namic changes that occur make this shunt unnecessary
and gradually lead to its physiologic closure [1]. However,
foramen ovale remains open in about 25% of the adults
[2]. This condition is called patent foramen ovale (PFO).
Although most individuals with a PFO remain asymp-
tomatic throughout their lives, PFO has been associated
with several disease entities, such as cerebral and system-
ic embolism, migraine with aura, hypoxemia-related
conditions, and decompression sickness [3-6]. Ischemic
stroke secondary to paradoxical embolism is the most
thoroughly studied among the PFO-mediated condi-
tions. It was in 1877, when Cohnheim [7] first reported
the case of a young woman who was diagnosed with an
occluded cerebral artery, PFO, and deep vein thrombosis.
Since then and mainly in the last 20 years, manifold real-
word studies offered unequivocal evidence that PFO is a
risk factor for ischemic cerebral vascular accidents. The
question for years was whether we should close the PFOs
in patients who had a prior stroke. Until 2017, random-
ized clinical trials (RCTs) had ambiguous results. How-

ever, three new RCTs and the long-term results of a fourth
one, all of them published in the last 2 years, changed our
perspective on PFO closure [8-12].

In this issue of Cardiology, Garg et al. [13] reported the
results of a meta-analysis of all six randomized trials. In
total, 3,747 patients, all of them younger than 65, were
included (closurearm: 1,889; medical therapyarm: 1,858).
A random effects model was used to obtain pooled effect
estimates. The meta-analysis revealed a significant reduc-
tion in the primary endpoint (risk of recurrent stroke) for
the closure group compared to medical therapy (RR 0.41;
95% CI 0.20-0.83). However, the subgroup analysis for
the shunt size revealed that the benefit was mainly driven
by patients with moderate or large shunts (RR 0.35; 95%
CI 0.18-0.68), while there was no difference between pa-
tients with small shunts (RR 0.98;95% CI 0.56-1.73). The
closure arm was found to have a higher risk for atrial fi-
brillation (AF) (RR 5.29, 95% CI 2.18-43.63).

The authors should be congratulated for their well-de-
signed and conducted analysis, which comes to be added in
a number of already published meta-analyses on this topic
[14-17]. The main message of the meta-analysis is that PFO
closure is beneficial for the prevention of recurrent stroke
in non-elderly patients with moderate or large shunts. At
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this point, it should be noted that atrial septal aneurysm,
eustachian valve, and the Chiari network are also consid-
ered high-risk features and enhanced reasons for PFO clo-
sure [18]. Another major finding of this analysis is that PFO
closure was associated with a five-fold increase in the risk
for AF. However, it is important to mention that the major-
ity of the new-onset AF events happened for a brief period,
early after the procedure, and for the most part neither led
to an ischemic stroke nor required long-term anticoagula-
tion. This has also been shown by real-world data, where
<4% of the new-onset AF cases related to PFO closure
did actually progress to permanent AF [19].

Despite the progress in our understanding of PFO clo-
sure indications, benefits and risks, there are still ques-
tions to be answered. First, while high-risk PFOs seem to
clearly benefit from closure, PFOs that do not share high-
risk features are still a matter of debate. No difference was
found in this meta-analysis, but the REDUCE trial showed
that closure can be effective regardless of the shunt size
[9]. Second, elderly subjects (>65 years old) were exclud-
ed from all six RCTs, and thus current knowledge is lim-
ited regarding PFO closure benefits for the elderly. How
should primary care physicians and cardiologists manage
elderly patients with embolic strokes of undetermined
source where the only workup finding is a PFO? Taka-
fuji et al. [20] have recently published a small cohort of 14
elderly patients (75.2 + 6.5 years old) with a history of
ischemic stroke and a high-risk PFO, who underwent
PFO closure. No recurrent stroke events were noted after
2.6 * 1.8 years of follow-up. Unless industry is willing to
sponsor a new large RCT including the aforementioned
groups of patients (low-risk PFOs and the elderly), the
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answer can be potentially provided from large, well-con-
ducted, prospective registries. Third, the duration and the
exact type of an antithrombotic regimen after PFO clo-
sure is still uncertain, and weighing the risks of bleeding
and the benefits of protection from device-related throm-
botic events is really difficult. All trials used antiplatelet
therapy to lower the risk of device-related thrombotic
events, but the duration varied. A recently published pro-
spective study showed that early (within 1 year) discon-
tinuation of the antithrombotic regimen is not associated
with a higher risk of ischemic cerebrovascular events, but
the small sample in this subgroup was a major limitation
[21]. PFO closure is not the only percutaneous interven-
tion where the duration of antithrombotic treatment is
still under question; similar debates exist for the postpro-
cedural management of transcatheter aortic valve re-
placement or percutaneous coronary interventions with
drug-eluting stents.

In summary, we now have undisputable evidence that
PFO closure decreases the risk of a recurrent stroke in
well-selected patients; yet the more answers we get, the
more questions arise as the heads of the Lernaean Hydra.
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