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Abstract
Objective
To update the 2016 American Academy of Neurology (AAN) practice advisory for patients
with stroke and patent foramen ovale (PFO).
Methods
The guideline panel followed the AAN 2017 guideline development process to systematically
review studies published through December 2017 and formulate recommendations.
Major recommendations
In patients being considered for PFO closure, clinicians should ensure that an appropriately
thorough evaluation has been performed to rule out alternative mechanisms of stroke (level B).
In patients with a higher risk alternative mechanism of stroke identiﬁed, clinicians should not
routinely recommend PFO closure (level B). Clinicians should counsel patients that having
a PFO is common; that it occurs in about 1 in 4 adults in the general population; that it is
diﬃcult to determine with certainty whether their PFO caused their stroke; and that PFO
closure probably reduces recurrent stroke risk in select patients (level B). In patients younger
than 60 years with a PFO and embolic-appearing infarct and no other mechanism of stroke
identiﬁed, clinicians may recommend closure following a discussion of potential beneﬁts
(absolute recurrent stroke risk reduction of 3.4% at 5 years) and risks (periprocedural complication rate of 3.9% and increased absolute rate of non-periprocedural atrial ﬁbrillation of
0.33% per year) (level C). In patients who opt to receive medical therapy alone without PFO
closure, clinicians may recommend an antiplatelet medication such as aspirin or anticoagulation
(level C).
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Glossary
AAN = American Academy of Neurology; CI = conﬁdence interval; COIs = conﬂicts of interest; CTA = CT angiography;
DOAC = direct oral anticoagulant; GRADE = Grading of Recommendations Assessment, Development and Evaluation; GS =
Guideline Subcommittee; HR = hazard ratio; MRA = MR angiography; NT-proBNP = N-terminal pro b-type natriuretic
peptide; PFO = patent foramen ovale; RD = risk diﬀerence; RR = risk ratio; sGS = symmetric Gauss-Seidel; TCD = transcranial
Doppler ultrasonography; TEE = transesophageal echocardiography; TTE = transthoracic echocardiography.

The American Academy of Neurology (AAN) published
a practice advisory in 2016 regarding secondary stroke prevention in patients with patent foramen ovale (PFO).1 Additional randomized trials have since been published, and the
Food and Drug Administration approved the AMPLATZER
PFO Occluder and GORE CARDIOFORM Septal Occluder
for use in the United States, necessitating an update. The
clinical questions remain unchanged:
c

c

In patients with a PFO who have had an otherwise
cryptogenic ischemic stroke, does percutaneous PFO
closure reduce the risk of stroke recurrence compared
with medical therapy alone?
In patients with a PFO who have had an otherwise
cryptogenic ischemic stroke, does anticoagulation reduce
the risk of stroke recurrence compared with antiplatelet
medication?

This update does not address management of stroke risk
factors or causes aside from PFO.

Description of the analytic process
This update summary (see full-length update at aan.com/
Guidelines/home/GetGuidelineContent/992) follows the
2017 AAN guideline development process.2 In April 2018, the
AAN Guideline Subcommittee (GS) convened an author
panel of neurologists, internists, and cardiologists with expertise in stroke and PFO. All authors were reviewed by AAN
staﬀ and GS leadership for ﬁnancial and intellectual conﬂicts
of interest (COIs). A majority of the author panel (S.R.M.,
G.S.G., S.H., K.I., D.M.K., L.R., and N.S.) are free of COIs
relevant to the subject matter of this practice advisory. The
systematic literature review was performed by the lead author
(S.R.M.), AAN methodologist (G.S.G.), and members of the
GS, who had no COIs. MEDLINE and the Cochrane Library
were searched to identify randomized studies published between March 2015 and August 2019 pertinent to the clinical
questions. Studies were independently rated for their risk of
bias by the AAN methodologist (G.S.G.) and lead author (S.R.M.).
Consistent with previous AAN guidelines on this topic, the
primary outcome of interest was recurrent stroke. The
panel used study-reported, procedure-related serious adverse events and non-periprocedural atrial ﬁbrillation, variously deﬁned across studies, as the primary safety outcomes.
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Transient periprocedural atrial ﬁbrillation is of uncertain
clinical consequence following catheter-based cardiac
procedures and generally does not lead to long-term anticoagulation or high risk of stroke. To minimize bias, the
panel relied on intention-to-treat analyses to inform conclusions. For the primary summary analysis, the panel used
studies with the lowest risk of bias and excluded studies
of devices that are not being manufactured and are not
available.
Ratio measures were pooled by meta-analyses to obtain
summary estimates of eﬀect. Because of low event rates,
hazard ratios (HRs), risk ratios (RRs), and odds ratios were
considered comparable. For pooling eﬀect sizes, a randomeﬀects meta-analytic model was desired because of the
substantive heterogeneity between studies in closure devices, inclusion and exclusion criteria, and medical treatments.
However, standard inverse-variance methods can have poor
statistical coverage when event rates are low,3 such as with
the PFO closure trials. In addition, non–inverse-variance
random-eﬀects methods appropriate for studies of rare
events have poor precision when the number of studies is
low.4 Thus, for the primary eﬃcacy analysis of recurrent
stroke, the panel selected a hybrid approach for meta-analysis5: a ﬁxed-eﬀect model for hypothesis testing of a treatment eﬀect using inverse-variance methods to pool HRs and
a random-eﬀects model of RRs designed for low event rates
(the weighted symmetric Gauss-Seidel [sGS] algorithmic
method6) to explore heterogeneity of eﬀect sizes. Sensitivity
analyses were performed to determine the eﬀect of including
trials with a higher risk of bias and trials that used devices
that are not available. Additional sensitivity analyses were
performed to compare the eﬀect of diﬀerent meta-analytic
techniques. To improve clinical interpretability, the panel
calculated risk diﬀerences (RDs) or rate diﬀerences from
pooled RRs and baseline recurrent stroke risk from the
nonclosure arms of the included studies. Prespeciﬁed subgroups of interest included age, shunt size (as deﬁned by
each study), presence of atrial septal aneurysm (as deﬁned
by each study), antithrombotic management (antiplatelet vs
anticoagulation) in patients who are medically treated, and
whether the index stroke appeared embolic (e.g., not a single, small, and subcortical infarct in the distribution of
a perforator artery).
The overall conﬁdence in the evidence was determined using
a modiﬁed Grading of Recommendations Assessment,
Neurology.org/N
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Development and Evaluation (GRADE) approach.2,7,8 The
panel then derived recommendations using an iterative
modiﬁed Delphi process after considering the evidence
strength, risks and beneﬁts, cost, availability, and patient
preference variations.

Analysis of evidence
The initial literature search identiﬁed 628 unique articles, of
which 8 met the inclusion criteria, including 1 article that
provided extended follow-up from a trial that had been included in the previous practice advisory.1
In patients with a PFO who have had
a cryptogenic ischemic stroke, does
percutaneous PFO closure reduce the risk of
stroke recurrence compared with medical
therapy alone?
Evidence

The 2016 practice advisory included 3 studies.9–11 The current classiﬁcation of evidence scheme for therapeutic studies2
downgraded each to Class II because participants and their
caregivers were unblinded to treatment assignment and actual
treatment received and, for most studies, initial end point
ascertainment was unblinded.
The CLOSURE I study (Class II) was a multicenter, randomized, open-label trial of 909 participants aged 18–60 years
with PFO and a cryptogenic stroke or TIA (all other studies
discussed only included patients with stroke) that compared
the STARFlex percutaneous closure device (NMT Medical,
Inc.) with medical therapy alone and observed the participants for a median of 2 years.9 Recurrent stroke occurred in
2.9% of participants who underwent closure and in 3.1% of
those receiving medical therapy alone (RD −0.2%, 95%
conﬁdence interval [CI], −2.5% to 2.1%). The rate of serious
non-periprocedural atrial ﬁbrillation was not diﬀerent between groups, with a rate diﬀerence of 0.7% per year (95% CI,
−0.07% to 1.6% per year), and major procedural complications were reported in 3.2% (95% CI, 1.9%–5.5%).
The PC Trial (Class II) randomized 414 participants younger
than 60 years to medical therapy or closure with the
AMPLATZER PFO Occluder (Abbot, Inc.) and observed
them for an average of 4 years.10 There was no signiﬁcant
diﬀerence in stroke recurrence, with a rate diﬀerence of
−0.48% per year (95% CI, −1.2% to 0.12%) for participants
who underwent closure compared with participants assigned
to medical therapy. New-onset non-periprocedural atrial ﬁbrillation was not diﬀerent between trial arms, with a rate
diﬀerence of 0.1% per year (95% CI, −0.58% to 0.58%), and
major procedural complications were reported in 1.5% (95%
CI, 0.5%–4.2%).
In the RESPECT trial (Class II), 980 participants aged
18–60 years were randomized to the AMPLATZER PFO
Neurology.org/N

Occluder (St. Jude Medical, Inc.) or medical therapy
consisting of antiplatelet medication or anticoagulation.11
The median duration of follow-up was 2.1 years. In the
intention-to-treat analysis, recurrent stroke was reported
in 9 of 499 (1.8%) participants assigned to device closure
compared with 16 of 481 (3.3%) in the medical arm (rate
diﬀerence −0.70% per year, 95% CI, −1.56% to 0.08%
per year).
Four new articles met the inclusion criteria, of which 3 are
Class II and 1 Class III for risk of bias. The RESPECT trial
(Class II) continued to follow participants beyond the ﬁrst
prespeciﬁed analysis, for a median of 5.9 years.12 This was
the third analysis from this trial, and only these updated
data were included in the summary of eﬀects discussion of
this guideline. Recurrent strokes occurred in 28 participants randomized to medical therapy and 18 participants
assigned to closure (rate diﬀerence −0.47% per year, 95%
CI, −0.97% to −0.01% per year). The rates of new-onset
non-periprocedural atrial ﬁbrillation were not diﬀerent,
comparing participants receiving closure with those receiving medical treatment, with a rate diﬀerence of 0.14%
(95% CI, −0.2% to 0.49%). Procedural complications occurred in 5% (95% CI, 3.4%–7.3%). Of note, pulmonary
embolism was reported to be more common after closure
(0.41% per year in the PFO closure arm and 0.11% per
year in the medical arm, HR 3.48; 95% CI, 0.98–12.34;
p = 0.04), and deep vein thrombosis was numerically more
common as well (0.16% per year in the closure arm and
0.04% per year in the medical arm, HR, 4.44; 95% CI,
0.52–38.05; p = 0.14). This increased risk of venous
thromboembolic events in the closure arm was possibly
caused by the diﬀerence in use of anticoagulation in the
medical arm compared with the closure arm (21.6% vs
3.3%, respectively).
The CLOSE trial (Class II) randomized 663 participants
aged 18–59 years with PFO and cryptogenic non–smallvessel stroke and an atrial septal aneurysm and/or large
shunt in a 1:1:1 ratio to aspirin, anticoagulation, or PFO
closure with any device marked Conformité Européenne.13 In total, 11 diﬀerent devices were used, with the
Abbott AMPLATZER PFO Occluder device being the
most common (51%), followed by the Cardia Intrasept
PFO Occluder (13%). In the anticoagulation arm, 93% of
participants received a vitamin K antagonist. The investigators reported no strokes in the closure group and 14
strokes in the antiplatelet group, for a rate diﬀerence of
−0.78% per year (95% CI, −1.22% to −0.43% per year).
The study authors did not provide a statistical comparison
between anticoagulation and PFO closure but reported 3
strokes in the anticoagulation group, one of which was
a subarachnoid hemorrhage, rate diﬀerence −0.31% per
year (95% CI, −0.84% to 0.01%) favoring closure.
Procedural complications were reported in 5.9% (95%
CI, 3.5%–9.6%), and non-periprocedural atrial ﬁbrillation
occurred more commonly in participants who received
Neurology | Volume 94, Number 20 | May 19, 2020
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closure (rate diﬀerence 0.76% per year, 95% CI, 0.309%–1.40%
per year).
The REDUCE trial (Class II) randomized 664 participants
with PFO and embolic-appearing cryptogenic stroke in a 2:
1 ratio to closure with a GORE HELEX Septal Occluder/
CARDIOFORM Septal Occluder or antiplatelet therapy.14
After a median 3.2 years of follow-up, recurrent strokes
occurred in 1.4% of the closure arm and in 5.4% of participants treated with antiplatelet therapy, for a rate difference of −1.32% per year (95% CI, −2.53% to −0.43% per
year). Follow-up with MRI at 2 years showed no diﬀerence
in the rate of new subclinical infarct in a comparison of
participants in the closure arm with those in the medical
arm, 4.4% vs 4.5%, respectively (HR 0.98, 95% CI, 0.43 to
2.23, p = 0.97). Procedural complications occurred in 3.9%
(95% CI, 2.4%–6.1%), and non-periprocedural atrial ﬁbrillation was not diﬀerent when participants receiving
PFO closure were compared with those receiving medical
treatment, with a rate diﬀerence 0.51% per year (95% CI,
−0.12% to 1.04%).
The DEFENSE-PFO trial (Class III), performed at 2 sites in
South Korea, randomized 120 participants aged 18–80 years
(mean 52 years) with embolic-appearing cryptogenic stroke
and large PFO or with atrial septal aneurysm to closure with
the AMPLATZER PFO Occluder (Abbott Medical) or
medical therapy consisting of antiplatelet therapy or anticoagulation.15 Participants were observed for a median of 2.8
years (interquartile range, 0.9–4.1 years). There were no recurrent strokes in those participants who underwent closure
and 5 recurrent strokes in participants treated medically, for
a rate diﬀerence of −3.57% per year (95% CI, −7.42% to
−0.87%). Periprocedural complications occurred in 3.3%
(95% CI, 0.9%–11.3%), and there was no reported nonperiprocedural atrial ﬁbrillation.
Evidence synthesis and summary of effects

Incorporating all 4 Class II studies into a ﬁxed-eﬀects metaanalysis shows that PFO closure was associated with a summary HR for recurrent stroke of 0.41 (95% CI, 0.25–0.67, I2 =
12%). A random-eﬀects sGS-weighted meta-analysis of these
studies yielded a similar summary RR of 0.36 (95% CI,
0.05–2.58), but the much wider CIs suggest considerable
uncertainty regarding the magnitude of the risk reduction.
The panel performed sensitivity analyses adding data from
CLOSURE I and DEFENSE-PFO, which yielded a similar
summary HR for recurrent stroke of 0.48 (95% CI, 0.32–0.73,
I2 = 42%) using a ﬁxed-eﬀects model and a similar summary
RR of 0.42 (95% CI, 0.16–1.12) using the sGS-weighted
random-eﬀects model. A comparison of varying meta-analytic
techniques to pool results also did not substantially aﬀect the
eﬀect size estimates.
When the AAN’s modiﬁed GRADE process was applied, the
overall conﬁdence in the evidence for PFO closure eﬃcacy
was judged moderate, given the consistent Class II evidence.
4
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Subgroup analyses demonstrated no interactions for beneﬁt of closure based on patient age (dichotomized as <45
years vs 45–60 years), presence or absence of atrial septal
aneurysm, and medication comparator (antiplatelet vs
anticoagulation). There were, however, signiﬁcant interactions for shunt size and radiographic appearance of the
stroke, with no clear beneﬁt of closure in those participants
without large shunts (HR 0.9, 95% CI, 0.5–1.6) or those
with small deep strokes (HR 2.3, 95% CI, 0.4–13.3). The
deﬁnition of large shunt varied across studies but ranged
from identifying >20–30 microbubbles in the left atrium
within 3 cardiac cycles of seeing opaciﬁcation of the right
atrium.
In the medical arms of the included studies, the pooled
(random eﬀects, inverse variance) absolute baseline rate of
recurrent stroke was 0.9 recurrent strokes per 100 patientyears (95% CI, 0.6–1.2). The pooled absolute rate reduction
of recurrent stroke from closure was −0.67 strokes per 100
patient-years (95% CI, −0.9 to −0.4).
Focusing on adverse events, a random-eﬀects meta-analysis of
the included studies in the primary analysis ﬁnds that PFO
closure was associated with a risk of major procedural complications of 3.9% (95% CI, 2.3%–5.7%). The panel’s conﬁdence in the evidence for periprocedural complications
associated with closure is moderate because of consistent
Class II evidence.
Fixed-eﬀect meta-analyses demonstrated an increased risk of
developing any atrial ﬁbrillation, RR 3.12 (95% CI, 1.71–5.68,
I2 = 45%), and study-deﬁned serious non-periprocedural atrial
ﬁbrillation, RR 2.72 (95% CI, 1.30–5.68, I2 = 0%) associated
with a pooled absolute rate increase of 0.33 cases per 100
patient-years (95% CI, −0.9 to −0.4) in participants who received closure compared with those receiving medical treatment. As with the recurrent stroke risk, a random-eﬀects
meta-analysis appropriate for low event rates (sGS weighted)
highlighted the uncertainty in the estimate of the magnitude
of increased risk of serious non-periprocedural atrial ﬁbrillation,
RR 2.87 (95% CI, 0.834–9.872). The rate of non-periprocedural
atrial ﬁbrillation was not meaningfully diﬀerent when the metaanalysis included the CLOSURE I trial. The panel’s conﬁdence
in the evidence for the increased risk of atrial ﬁbrillation associated with closure is moderate because of consistent Class II
evidence.
Conclusions

For patients with cryptogenic stroke and PFO, percutaneous
PFO closure probably reduces the risk of stroke recurrence
with an HR of 0.41 (95% CI, 0.25–0.67, I2 = 12%) and an
absolute risk reduction of 3.4% (95% CI, 2.0%–4.5%) at 5
years; probably is associated with a periprocedural complication rate of 3.9% (95% CI, 2.3%–5.7%); and probably is
associated with the development of serious nonperiprocedural atrial ﬁbrillation, with a relative risk of 2.72
(95% CI, 1.30–5.68, I2 = 0%).
Neurology.org/N
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In patients with a PFO who have had
a cryptogenic ischemic stroke or TIA, does
anticoagulation reduce the risk of stroke
recurrence compared with
antiplatelet medication?

aspirin, RD 0.5% (95% CI, −0.4% to 1.3%). Neither use of
TEE nor use of bubble contrast studies was mandated for
these studies, likely explaining the relatively low rates of PFO
prevalence.
Evidence synthesis and summary of effects

Evidence

The ﬁrst study was the PFO in Cryptogenic Stroke Study
(Class II), a substudy of a larger randomized trial of warfarin vs
aspirin in patients with stroke or TIA without atrial ﬁbrillation
or extracranial carotid stenosis, in which 630 participants with
stroke referred by their clinicians to undergo transesophageal
echocardiography (TEE) were randomized to warfarin (n =
312) or aspirin (n = 318).16 Of this cohort, 98 participants were
deemed to have had a cryptogenic stroke and had a PFO. In this
subgroup, there was no signiﬁcant diﬀerence in recurrent stroke
at 2 years between participants given warfarin and those given
aspirin, 2/42 (4.8%) vs 8/56 (14.3%), respectively (HR 0.52,
95% CI, 0.16–1.67). Another small study randomized 47 participants with cryptogenic stroke and PFO to aspirin 240 mg/
day (n = 24) or dose-adjusted warfarin with target international
normalized ratio 2–3 (n = 23) and observed them for 18
months (Class II, because of unblinded end point ascertainment; participants and their caregivers were unblinded to
treatment assignment and actual treatment received).17 The
results did not provide recurrent stroke rates separate from TIA
events. However, they reported no diﬀerence in ischemic
stroke (5) or TIA (2) events between treatment groups (HR
combined stroke and TIA favoring aspirin 3.03, 95% CI,
0.59–16.7). The CLOSE study13 described previously (Class
II) included a 3-way randomization between PFO closure,
antiplatelet medication, and anticoagulation. There was no
signiﬁcant diﬀerence in the stroke recurrence rate among participants given anticoagulation compared with those given
antiplatelet therapy, HR 0.44 (95% CI, 0.11–1.48). Two additional studies compared direct oral anticoagulants (DOACs)
to antiplatelet medication in patients with embolic stroke of
undetermined source and reported the outcomes separately for
patients with PFO. The ﬁrst is the NAVIGATE-ESUS trial
(Class II), which randomized patients to aspirin, 100 mg daily,
or rivaroxaban, 15 mg once daily (standard dosing for most
stroke prevention in patients with atrial ﬁbrillation is 20 mg
once daily).18 A PFO was detected via either transthoracic
echocardiography (TTE) or TEE in 534/7,209 (7.4%) overall,
and there was no signiﬁcant diﬀerence in recurrent stroke
risk comparing patients taking rivaroxaban with those taking
aspirin, HR 0.54 (95% CI, 0.22–1.36). Major bleeding risk
was likewise not signiﬁcantly diﬀerent, HR 2.05 (95% CI,
0.51–8.18). The RESPECT-ESUS trial (Class II) randomized
patients to aspirin, 100 mg daily, or dabigatran, 150 or 110 mg
twice daily (150 mg twice daily is the standard dosing for stroke
prevention for most patients with atrial ﬁbrillation).19 Overall,
680/5,390 (12.6%) were found to have a PFO via TTE or TEE,
and there was no diﬀerence in recurrent stroke risk, HR 0.88
(95% CI, 0.45–1.71). Major bleeding risks were not presented
for the subgroup with PFO, although overall, there was no
diﬀerence between those given dabigatran and those given
Neurology.org/N

A random-eﬀects meta-analysis comparing anticoagulation
(with warfarin or a DOAC) with aspirin yields a summary HR
of 0.73 (95% CI, 0.45–1.17). Assuming a linear rate of stroke
in aspirin-treated patients of 2% per year and a 5-year time
horizon, this HR corresponds to a number needed to treat of
21 (95% CI, 19 to −60). With use of the AAN’s modiﬁed
GRADE process, the evidence was anchored at moderate
conﬁdence for this question but was then downgraded to low
conﬁdence because of imprecision.
Conclusion

For patients with cryptogenic stroke and PFO, anticoagulation
medication and antiplatelet medication are possibly equally
eﬀective at reducing recurrent stroke (HR 0.73, 95% CI,
0.45–1.17). Of note, the high end of the CI does rule out
a clinically important beneﬁt for aspirin.
Practice recommendations
Recommendation 1 rationale

Ischemic stroke may be caused by a variety of heterogeneous
mechanisms, and secondary stroke prevention is optimized by
targeting the most likely etiology of the preceding event.20–22
An appropriately thorough workup depends on the individual
patient and whether a compelling stroke etiology has already
been identiﬁed. The randomized PFO closure trials all mandated thorough evaluations for participants before enrollment, including CT angiography (CTA) or MR angiography
(MRA) of the head and neck vessels in all studies and hypercoagulable screening in many to rule out other stroke
mechanisms; moreover, all studies required TEE to characterize the PFO and ensure that it was the most likely etiology
for the initial event. There is accumulating evidence that occult atrial ﬁbrillation accounts for a meaningful portion of
cryptogenic stroke.23 Given that they were designed and initiated before atrial ﬁbrillation monitoring became routine,
none of the PFO closure trials required prolonged monitoring
before enrollment, although it is important to note that the
incidence of atrial ﬁbrillation is strongly correlated with increasing age and is unlikely to occur in patients aged <50
years. Other risk factors and biomarkers have been associated
with atrial ﬁbrillation and may increase clinical suspicion, including systemic hypertension, obesity, sleep apnea, enlarged
left atrium, hyperthyroidism, diabetes, alcohol abuse, cigarette
smoking, elevated serum N-terminal pro b-type natriuretic
peptide (NT-proBNP), frequent premature atrial contractions, and increased P-wave dispersion on ECG.24,25
PFO is highly prevalent, found in approximately 25% of the
general adult population on agitated saline TEE and cadaveric
studies.26,27 Transcranial Doppler ultrasonography (TCD) has
been demonstrated to have similar sensitivity and speciﬁcity to
Neurology | Volume 94, Number 20 | May 19, 2020
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TEE to detect right-to-left shunting, although TCD does not
rule out other cardioembolic sources seen on TEE and cannot
conﬁrm that shunting is intracardiac or assess PFO morphology, including anatomic size, location, and length of the tunnel.28 Multiple studies have identiﬁed an association between
PFO and otherwise cryptogenic stroke, with increasing PFO
prevalence in younger patients with stroke and those lacking
traditional vascular risk factors such as hypertension, hypercholesterolemia, and diabetes.29–31
The risk of stroke recurrence in patients with PFO and no
other etiology identiﬁed is low, approximately 1% per year
while individuals are treated with medication alone. This
stroke risk is generally lower than the stroke risk caused
by other possible common stroke mechanisms.32 Thus, if
an alternative plausible higher risk mechanism of stroke
is identiﬁed, it is likely that the PFO was an innocent
bystander.
Statement 1a

In patients being considered for PFO closure, clinicians
should ensure that an appropriately thorough evaluation has
been performed to rule out alternative mechanisms of stroke,
as was performed in all positive PFO closure trials (level B).
Statement 1b

In patients being considered for PFO closure, clinicians
should obtain brain imaging to conﬁrm stroke size and distribution, assessing for an embolic pattern or a lacunar infarct
(typically involving a single deep perforator, <1.5 cm in diameter) (level B).
Statement 1c

In patients being considered for PFO closure, clinicians
should obtain complete vascular imaging (MRA or CTA) of
the cervical and intracranial vessels to look for dissection,
vasculopathy, and atherosclerosis (level B).

although more research is needed to deﬁne the yield in unselected young patients and in patients with PFO.33
Statement 1f

In patients being considered for PFO closure, clinicians should
assess for cardioembolic sources using TTE followed by TEE
assessment if the ﬁrst study does not identify a high-risk stroke
mechanism. Studies should use bubble contrast, with and without Valsalva maneuver, to assess for right-to-left shunt and determine degree of shunting (level B).
Statement 1g

In patients being considered for PFO closure, clinicians
should perform hypercoagulable studies that would be considered a plausible high-risk stroke mechanism that would
lead to a change in management such as requiring lifelong
anticoagulation (e.g., persistent moderate- or high-titer antiphospholipid antibodies in a younger patient with cryptogenic
stroke)34 (level B).
Statement 1h

In patients being considered for PFO closure, clinicians may
use TCD agitated saline contrast as a screening evaluation for
right-to-left shunt, but this does not obviate the need for TTE
and TEE to rule out alternative mechanisms of cardio
embolism and conﬁrm that right-to-left shunting is intracardiac and transseptal (level C).
Statement 1i

Before undergoing PFO closure, patients should be assessed
by a clinician with expertise in stroke to ensure that the PFO is
the most plausible mechanism of stroke (level B).
Statement 1j

If a higher risk alternative mechanism of stroke is identiﬁed,
clinicians should not routinely recommend PFO closure (level B).

Statement 1d

In patients being considered for PFO closure, clinicians must
perform a baseline ECG to look for atrial ﬁbrillation (level A).
Statement 1e

Select patients being considered for PFO closure thought to
be at risk of atrial ﬁbrillation should receive prolonged cardiac
monitoring for at least 28 days (level B). Risk factors for atrial
ﬁbrillation include age ≥50 years, hypertension, obesity, sleep
apnea, enlarged left atrium, elevated NT-proBNP, frequent
premature atrial contractions, and increased P-wave dispersion. Recently published guidelines from the American Heart
Association, American College of Cardiology, and Heart
Rhythm Society recommend prolonged ECG monitoring
following cryptogenic stroke for patients older than 40 years,
6
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Statement 1k

Before undergoing PFO closure, patients should be assessed
by a clinician with expertise in assessing the degree of shunting
and anatomic features of a PFO, and performing PFO closure,
to assess whether the PFO is anatomically appropriate for
closure, to ascertain whether other factors are present that
could modify the risk of the procedure, and to address postprocedure management (level B).
Statement 1l

In patients with a PFO detected after stroke and no other
etiology identiﬁed after a thorough evaluation, clinicians
should counsel that having a PFO is common; that it occurs in
about 1 in 4 adults in the general population; that it is diﬃcult
Neurology.org/N
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to determine with certainty whether their PFO caused their
stroke; and that PFO closure probably reduces recurrent
stroke risk in select patients (level B).
Recommendation 2 rationale

Among patients younger than 60 years with no other etiology
identiﬁed after a thorough diagnostic evaluation, transcatheter
PFO closure probably reduces the risk of recurrent stroke
(summary rate diﬀerence −0.67% per year, 95% CI, −0.39% to
−0.94%, I2 = 0), with a number needed to treat of 29 to reduce
1 stroke at 5 years. PFO closure was associated with a small
risk of procedural complications (summary risk 3.9% [95%
CI, 2.3%–5.7%]) and non-periprocedural atrial ﬁbrillation
(summary rate diﬀerence 0.33% per year [95% CI,
0.04%–0.65%]), although most of these events were reported
to be self-limited and are of uncertain long-term clinical
consequence, given the lower rate of stroke in patients
whose PFOs were closed. Subgroup analysis suggests that
the overall beneﬁt seen across trials may not extend to
those patients with small shunts and small, deep infarcts.
Clinical studies of PFO closure have characterized PFO size
as the greatest degree of right-to-left shunting under different testing states rather than the anatomic size of a PFO
because the size of the opening is dynamic. Importantly,
some small deep strokes may be caused by embolism, most
likely in younger patients without traditional vascular risk
factors. Of note, the subgroup analysis also does not
demonstrate any beneﬁt interaction for presence or absence of atrial septal aneurysm, despite some studies
reporting a larger shunt and higher risk of stroke recurrence
if atrial septal aneurysm is present.35,36 In addition, the
subgroup meta-analysis showed no diﬀerence in the beneﬁt
of PFO closure in patients aged 45–60 years compared with
those aged <45 years. Furthermore, there is evidence that
PFO may play a role in some cryptogenic stroke in patients
older than 60 years, and the DEFENSE-PFO trial included
patients older than 60 years.15,30,37
Statement 2a

In patients younger than 60 years with a PFO and an embolicappearing infarct and no other mechanism of stroke identiﬁed, clinicians may recommend closure following a discussion
of potential beneﬁts (reduction of stroke recurrence) and
risks (procedural complication and atrial ﬁbrillation)
(level C).
Statement 2b

Clinicians may inform patients that presence of a large shunt
probably is associated with beneﬁt from closure. Conversely,
there probably is less likelihood of beneﬁt in patients with
a small shunt or a non–embolic-appearing single, small, deep
infarct, and it is uncertain whether atrial septal aneurysm in
the absence of a large shunt inﬂuences the likelihood of
beneﬁtting from PFO closure (level C).
Neurology.org/N

Statement 2c

PFO closure may be oﬀered in other populations, such as for
a patient who is aged 60–65 years with a very limited degree of
traditional vascular risk factors (i.e., hypertension, diabetes,
hyperlipidemia, or smoking) and no other mechanism of
stroke detected following a thorough evaluation, including
prolonged monitoring for atrial ﬁbrillation (level C).
Statement 2d

PFO closure may be oﬀered to younger patients (e.g., <30
years) with a single, small, deep stroke (<1.5 cm), a large
shunt, and absence of any vascular risk factors that would lead
to intrinsic small-vessel disease such as hypertension, diabetes,
or hyperlipidemia (level C).
Statement 2e

In a patient for whom PFO closure is being considered,
a shared decision-making approach between clinicians and the
patient should be used, exploring how well the patient’s
attributes match those included in the positive PFO closure
trials and the patient’s preferences and concerns regarding risk
of stroke recurrence and risk of adverse events (level B).
Recommendation 3 rationale

All patients with previous stroke should be treated with an
antithrombotic medication indeﬁnitely if there is no bleeding
contraindication, regardless of whether a PFO is present or if it is
closed.20 However, speciﬁc antithrombotic management for
patients with stroke thought to be caused by PFO remains uncertain. Existing randomized studies comparing anticoagulation
with antiplatelet therapy do not demonstrate that either treatment regimen is superior (HR 0.73, 95% CI, 0.45–1.17).
However, the ﬁnding that closure of the PFO appears to reduce
recurrent stroke risk suggests that paradoxical embolization of
a venous thromboembolism is the mechanism for a substantial
portion of recurrent strokes. In addition, there is high-level evidence that anticoagulation is superior to antiplatelet medication
for venous thromboembolism.38,39 The beneﬁt of performing
closure in patients being treated with anticoagulation is unclear.
Statement 3a

In patients who opt to receive medical therapy alone without
PFO closure, clinicians may recommend either an antiplatelet
medication such as aspirin or anticoagulation (using a vitamin K antagonist, a direct thrombin inhibitor, or a factor Xa
inhibitor) (level C).
Statement 3b

In patients who would otherwise be considered good candidates for PFO closure but require long-term anticoagulation
because of suspected or proven hypercoagulability (deﬁned
thrombophilia, unprovoked deep venous thrombosis, or unprovoked pulmonary embolism), clinicians should counsel
Neurology | Volume 94, Number 20 | May 19, 2020
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the patient that the eﬃcacy of PFO closure in addition to
anticoagulation cannot be conﬁrmed or refuted (level B).

Suggestions for future research
Additional PFO closure devices may be acceptable if they are
approved for use following demonstration of similar safety
proﬁle and successful closure of right-to-left shunting.
DOACs have superior venous thromboembolism treatment
and eﬃcacy for stroke prevention in patients with atrial
ﬁbrillation.40,41 Studies comparing DOACs with PFO closure
in younger patients and studies comparing DOACs with
antiplatelets in older patients and younger patients not interested in closure are warranted. Studies of PFO and PFO
closure in the pediatric stroke population and select patients
older than 60 years are also needed. Additional studies are
needed to better understand anatomic characteristics that
may inﬂuence the risk of stroke in patients with PFO. The
randomized trials excluded patients with stroke that occurred
longer than 6 months previously, and it remains unclear
whether closure provides a similar beneﬁt in these patients
who otherwise still ﬁt the studies’ inclusion criteria. Longterm and large-scale safety registries for patients who have
received PFO closure are needed to assess the risk of device
erosion, fracture, embolization, and thrombotic and endocarditis risks and the eﬀect of residual shunts and incidence of
atrial ﬁbrillation.
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