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Toward a better understanding of PFO
and stroke risk

A patent foramen ovale (PFO) is a remnant of the fetal
circulation and may be found in approximately 25% of
adults.1 Multiple case-control studies have demon-
strated an association between PFO and cryptogenic
ischemic stroke, particularly in younger patients.2 The
mechanism for the association is presumed to be venous
thromboembolism through the PFO and into the cere-
bral circulation (i.e., paradoxical embolization).3 Ran-
domized studies of percutaneous PFO closure devices
for secondary stroke prevention have been in progress
for years with slow enrollment because of off-label use of
atrial septal defect closure devices.4,5 Three of these were
recently completed and none showed a reduction in
their primary endpoints in intention-to-treat analy-
ses.6–8 However, one of the studies showed a reduction
in stroke risk (a secondary outcome) in a prespecified,
per-protocol cohort (hazard ratio, 0.37; 95% confidence
interval, 0.14–0.96) and in the as-treated cohort (hazard
ratio, 0.27; 95% confidence interval, 0.10–0.75).7,8

In this issue of Neurology®, Kent et al.9 present a
patient-level meta-analysis of observational cohorts of
cryptogenic stroke patients to identify factors associated
with the detection of a PFO. They incorporate these
factors into a simple clinical prediction instrument (the
RoPE Point Score) that estimates the prevalence of PFO
based on clinical characteristics. For each stratum of the
RoPE Point Score, the authors use Bayesian analysis to
estimate the fraction of cryptogenic strokes attributable
to a PFO. This “PFO-attributable fraction” analysis
yields an important and compelling result: the fewer ath-
erosclerotic vascular risk factors (including increased age,
hypertension, hyperlipidemia, diabetes, active smoking,
and prior stroke or TIA) a patient has, the more likely he
or she to have a PFO, and thus the more likely it is to
have been the cause of his or her cryptogenic stroke.
Among those patients who were younger than 30 years
and had none of the vascular risk factors noted above, the
likelihood of detecting a PFO was nearly 75% and the
PFO-attributable fraction was almost 90%.

The authors also report the subsequent 2-year risk of
recurrent cerebrovascular events broken down by RoPE
Point Score and reach another important conclusion:
the more likely the PFO was the cause of the primary

stroke (the PFO-attributable fraction), the less likely
the patient was to have a recurrent event. For young
patients without vascular risk factors, the risk of recur-
rent stroke or TIA was only 2% at 2 years. Of note,
TIA has no direct impact on morbidity or mortality
and is often difficult to confirm as being of vascular ori-
gin, particularly in this cohort where PFO has been
associated with a high rate of complicated migraine.10

The stroke risk is, in fact, low in all patients whose PFO
is more likely than not to have been related to the stroke
(from Kent et al.9 supplemental data, table e-6), ranging
from 1% to 4% at 2 years.

The RoPE Point Score will be a useful tool for esti-
mating the likelihood that a cryptogenic stroke is caused
by an observed PFO. However, estimation of this likeli-
hood may be further refined by the consideration of
echocardiographic variables such as shunt volume,
shunting at rest, atrial septal aneurysm, and other clinical
data not available in each of the derivation sets (e.g., pres-
ence of venous thrombosis, Valsalva at onset of stroke,
and hypercoagulability). We would offer additional cau-
tions regarding the current index. First, the calculated
attributable fraction can only be regarded as a crude esti-
mate of the actual fraction of events caused by the PFO
(i.e., the etiologic fraction). The margin of error for this
crude estimate cannot be calculated. Second, as with any
meta-analysis, the quality of the individual studies influ-
ences the overall validity of the results. The individual
observational studies used varying definitions of crypto-
genic stroke, and some had unblinded echocardiogram
interpretation and unblinded ascertainment and adjudi-
cation of outcomes. Together, these issues may lead to
bias and error. On a related note, all prediction instru-
ments tend to perform well in their validation sets. Thus,
the RoPE Point Score should be validated in an indepen-
dent dataset.

Despite these weaknesses, we believe the RoPE
Study may help in the development of a more rational
clinical approach to the management of patients with
cryptogenic stroke and PFO. Secondary stroke preven-
tion in a patient with a PFO should be informed by at
least 3 types of information: 1) the likelihood that the
PFO was responsible for the stroke (e.g., the PFO-
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attributable fraction), 2) the probability for recurrence,
and 3) the risks and benefits of a specific therapy. Based
on the RoPE Study, the first 2 issues appear to be
inversely related. Patients with a PFO-attributable
stroke who are at meaningful risk for recurrence will
be most likely to benefit from PFO closure or other
PFO-specific therapy. Completed trials of PFO closure
will provide an opportunity to assess whether there is a
“sweet spot” of patients with a moderately high PFO-
attributable fraction and moderate risk of stroke recur-
rence whomost benefit from PFO closure. These results
could inform the design of future therapeutic trials of
patients with PFO.

In our opinion, however, the RoPE Point Score
should not be used to select patients for PFO closure
in the absence of definitive data that PFO closure is effec-
tive and that using the RoPE score improves clinical
application. Optimal prevention of recurrence in
patients with cryptogenic stroke and PFO remains
uncertain. Thus, the story remains the same: refer and
encourage eligible patients to participate in ongoing
PFO closure studies. In patients whose PFO is thought
to be related to the index stroke, the low risk of recur-
rence makes it hard to justify the bleeding risks associated
with anticoagulant use, and thus an antiplatelet agent is
likely the best option for the vast majority of patients.
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