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Patent foramen ovale (PFO) and cryptogenic stroke (CS) both have a high preva-
lence. The optimal treatment to reduce stroke recurrence after CS remains contro-
versial. Results from clinical trials, meta-analyses, and position papers, support per-
cutaneous PFO device closure and medical therapy compared to medical therapy
alone. However, the procedure may be associated with cardiac complications includ-
ing an increased incidence of new atrial fibrillation. The benefit/risk balance should
be determined on a case-by-case basis with the greatest benefit of PFO closure in
patients with atrial septal aneurysm and PFO with large shunts. Future studies should
address unsolved questions such as the choice of medical therapy in patients not un-
dergoing closure, the duration of antiplatelet therapy, and the role of PFO closure in
patients over 60 years old.

Introduction

Cryptogenic stroke (CS) (or stroke of undetermined origin),
as defined by the TOASTclassification, is a brain infarction
not attributable to a definite cardioembolic event, large or
small artery disease, or other diseases after appropriate
vascular, cardiac, and serological investigations, suspected
to result from a cryptogenic embolism.1,2

The relationship between CS and PFO was first reported
more than 20 years ago. Percutaneous PFO closure has
been proposed for stroke recurrence prevention. Multiple
trials with conflicting results have been published, leading
to a Class 2b recommendation for PFO closure in US stroke
guidelines.3–5

Three new RCTs in 2017 (CLOSE,6 REDUCE,7 and
DEFENSE8) and three meta-analyses in 2018–2019 have
been published,9–11 favouring PFO closure for CS.
Consensus statements from the French Society of

Cardiology12 and the European Society of Cardiology have
been published in 2019.13 The recently published updated
AHA stroke guidelines raised doubts about the quality of
the RCTs and the strength of results.14 Many questions re-
main unanswered and require a critical review and
evaluation.

Epidemiology, anatomy, and physiology

Anatomy
The foramen ovale (FO) allows the shunting of blood from
right (RA) to left atrium (LA) in utero. At birth the increase
in LA pressure reversing the interatrial gradient, pushes
the Septum Primum against the Septum Secundum, closing
the FO. A true anatomic closure occurs during the first days
of life. However, in one-quarter of adults, an incomplete
apposition of Septum Primum and Septum Secundum cre-
ates a ‘tunnel’ between RA and LA, known as a PFO.
Therefore, in the absence of a paradox embolism, a PFO
should be considered an anatomical variant instead of a*Corresponding author. Tel: 39 333 5809070, Email: irisparrini@libero.it
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true pathologic condition. Different lengths of the tunnel
and different left atrial opening positions may be seen; a
prominent Eustachian valve may increase blood flow from
the inferior vena cava (IVC) to the PFO. In anatomic stud-
ies, the PFO diameter ranges from 1 to 19mm.15 Septum
Primum may become stretched and aneurysmal (ASA),
sometimes with fenestrations, increased mobility and
bulging.

Cryptogenic stroke and patent foramen ovale
Cryptogenic stroke and PFO are two conditions with high
prevalence and therefore it is challenging to prove their
causal relationship. About 30% of stroke in USA and a simi-
lar number (�25%) in Europe are of unknown origin.16 No
gender difference in CS incidence has been shown.

The risks of recurrent stroke after CS at 1month was
4.2% in the Oxford meta-analysis and 3% in the National
Institute of Neurological Disorders and Stroke Data Bank.17

At 2 years, recurrence risk ranges from 14 to 20%, and 33%
at 5 years in Olmstead county.18

The rate of CS in the population, and the rate of recur-
rent stroke following CS in the recent RCTs on CS and PFO
was lower than previous reports, reducing the statistical
power of these trials. Some studies reported a higher rate
of CS recurrence in patients with ASA or atrial septum (AS)
hypermobility (>10mms) together with PFO.5

Patent foramen ovale and cryptogenic stroke
Patent foramen ovale is detectable in�25% of adults (from
10 to 24% at transthoracic echocardiography, from 22-39%
at transoesophageal echocardiography and from 15 to 36%
at autopsy).19 Patent foramen ovale prevalence seems su-
perior in patients with CS. Isolated PFO was found in 37% of
561 subjects (mean age 42years) with CS and PFOþ ASA in
further 9%.20 A strong association of PFO and CS has been
shown especially if an ASA or a large right to left shunt is
present.21,22 Some smaller studies suggest an association
between PFO with small or medium shunt plus a large ASA
and an increased risk of stroke recurrence.5

In a meta-analysis of Kent including 3000 patients with
CS and in a study of Thaler, a younger age, radiographic evi-
dence of a cortical infarct and mainly the absence of tradi-
tional vascular risk factors were associated with PFO
detection.23,24

However, many studies following PFO patients without a
history of stroke, failed to identify an increased risk, sug-
gesting other factors in addition to its presence causing the
paradoxical embolism and the cerebral event.

Cryptogenic stroke and cardiac conditions

Most CS are considered to be due to cardiac thromboembo-
lism based on the features on the brain imaging, mainly
from undiagnosed atrial fibrillation (AF), often missed if ei-
ther asymptomatic or if ECG telemetry or prolonged re-
cording is not performed. All CS patients should undergo a
12-leads ECG and a 24-h Holter monitoring or ideally longer
monitoring (48–72h or 7 days ECG patch). Moreover, high-
risk AF patients (i.e. age >65years, hypertension,

diabetes, heart failure, or cardiac structural abnormali-
ties) require longer monitoring. An implantable loop re-
corder for six months to rule out AF, particularly before a
PFO closure decision, is reasonable if standard screening is
negative.25

The most accepted pathophysiological hypothesis to ex-
plain PFO and CS is a ‘paradoxical embolism’, crossing the
PFO and entering the systemic circulation. Intermittent el-
evation of RA pressure, for example during the Valsalvama-
noeuvre, coughing, or caval compression, will increase
right-to-left shunting and the potential risk. There are case
reports of young patients with CS presenting both a PFO
and deep venous thrombosis (DVT). Rarely, a thrombus has
been shown on imaging passing through the PFO and strad-
dling the AS (Figure 1).

Another potential source is thrombus formation in situ
within the PFO or on the atrial walls if an ASA is present. It
could act like a net, capturing thrombi in the right atrium
(RA) and conveying them to the PFO.

Diagnostic issues

Most patients (almost 90%) with stroke or TIA have a normal
transthoracic echocardiogram.

When an interatrial communication is suspected but not
directly seen, a PFO may be shown using contrast imaging
methods, with the passage of agitated saline bubbles into
the left heart chambers within three cardiac cycles of RA
opacification.

Semi-quantification of shunts may be determined by the
number of bubbles crossing into the LA: small between 3
and 10 bubbles; medium between 10 and 20; large >20.
Both shunt direction and degree of shunting can change
according to the patient’s physiologic state, ability to per-
form Valsalva manoeuvre, and point of saline injection.

The contrast study is typically performed via an arm
vein, but sometimes blood flow within the RA may not al-
low for significant bubble shunting because PFO shunt flow
preferentially comes from the IVC. Accordingly, in some
cases with high suspicion, echocardiography (TTE, TOE, or
intracardiac echocardiography) using a lower extremity
vein in the alert patient capable of Valsalva manoeuvre is
reported as themost sensitive method of PFO diagnosis, es-
pecially with prominent Eustachian valve.

Figure 1: Echocardiography TOE: a thrombus through the PFO.
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Echocardiographic detection of shunting is diagnosed by
contrast transthoracic echocardiography (cTTE), contrast
transoesophageal echocardiography (cTOE), or contrast
transcranial Doppler (cTCD). Sensitivity and specificity are
46% and 99% for cTTE, 89% and 92% for cTOE, and 96% and
93% for cTCD, respectively.26–28 A Valsalva manoeuvre may
be necessary to increase RA pressure transiently to unmask
a transient right-to-left shunt across a PFO.

The algorithm recommended by the recent ESC position
paper is based on the sensibility and specificity of these
exams. Depending upon availability and expertise, cTTE is
recommended as the first investigation in CS to unveil a
PFO, with cTOE or cTCD as alternatives if suspicion is high
but the cTTE is normal.cTCD has two important limitations:
(i) it does not distinguish an intracardiac shunt from an
intrapulmonary shunt (e.g. pulmonary arteriovenous mal-
formations), (ii) it does not assess the AS anatomy. In
centres where cTCD is unavailable, cTTEwith harmonic im-
aging is an alternative with the advantage of providing de-
tailed anatomy of the IAS sometimes identifying an ASD if
present for PFO device closure if indicated.

In patients with a positive contrast study result, a cTOE
clarifies the anatomy thank to the high-resolution direct
view of the AS, especially at the level of the fossa ovalis.
An ASA is diagnosed by cTOE if there is a fixed displacement
or a hypermobile mobile fossa ovalis region of the AS to-
ward the RA or LA, or both, exceeding 10mm from themid-
line or a combined total right and left excursion of 15mm.

The main disadvantage of cTOE is that the sedated pa-
tient cannot perform the Valsalva manoeuvre, and some
PFOs remain undiagnosed. In selected cases, it may be use-
ful to antagonize sedation.

Nakayama et al. proposed an echocardiographic score to
define high-risk PFO. The presence of two or more high-risk
PFO features (score � 2) is associated with CS. These hall-
marks are large-size PFO (>2mm in height), long-tunnel
PFO (>10mm in length), ASA, hypermobile AS, prominent
Eustachian valve, or Chiari’s network, large right-to-left
shunt at rest and during Valsalva manoeuvre, and low-
angle PFO (<10� of PFO angle from inferior vena cava).29

Management of a patient with the incidental
diagnosis of a patent foramen ovale

In daily practice, a PFO may be found incidentally in a pa-
tient without any clinical signs and symptoms. In a prospec-
tive study, PFO was not shown to be predictive of future
cardiovascular events after age and co-pathologies correc-
tion.30 Currently, a conservative approach is recommended
and there is no role for percutaneous PFO device closure
for primary prevention. Patients with an incidental PFO do
not require any specific treatment, and only life-style
counselling is recommended e.g. avoid scuba diving and,
DVT prophylaxis and treatment. The scuba diving should
not exceed the 25–30m of depth using nitrox instead of
compressed O2.

Moreover, the Mist Trials showed negative results of PFO
Closure for only the prevention ofmigraine.31

Secondary prevention of cryptogenic stroke
in patients with patent foramen ovale:
patent foramen ovale closure

Data from the randomized trials and a meta-analysis led
the authors of a recent Position Paper of the European
Society of Cardiology to support PFO closure in high-risk
patients. These recommendations are based on the evalua-
tion of two factors: (i) probability that the PFO has a role
when other aetiologies of CS have been excluded and (ii)
the probability of recurrent CS.
It should be remembered that PFO closure has potential

complications. In a cohort of 730 patients who underwent
PFO closure for CS, 6.3% had a recurrent stroke and/or TIA,
and 3.9% had a residual right-to-left shunting.32 The inci-
dence of new AF varies depending upon the PFO device de-
livered, with published rates of 13% for the Cardioform
device, 4% for the Helex device, and 4% for the Amplatzer
PFO device.33 Rare complications include device thrombo-
sis, embolism, displacement, infective endocarditis, and
aortic root erosion.
Patent foramen ovale closure decision should be under-

taken by a multidisciplinary team (MDT), including a neu-
rologist, confirming that the CS is probably due to an
embolic event, the PFO has high-risk features, the exclu-
sion of other causes of embolic stroke, especially AF, and
anatomical eligibility for device closure and risk of compli-
cations. The indication should be discussed with the pa-
tient with a clear and complete explanation of the benefits
and risks of the procedure, additional medical therapy re-
quired, and alternative options.

Randomized studies
Several RCTs comparing PFO closure with antiplatelet and
anticoagulant therapy have been reported with details of
their design, study population, and device (Table 1). Three
large RCTs (CLOSE,6 REDUCE,7 and DEFENSE-PFO8), and the
RESPECT5 with prolonged follow-up, showed that PFO clo-
sure in the first 6months (in the CLOSURE34) reduces stroke
relapses with no changes in mortality, in young people
(<60years) with a high-risk of PFO.

Meta-analysis
In the meta-analysis despite methodology limitations, con-
sensus is currently that PFO device closure should be con-
sidered in CS patients with the highest risk. No differences
have been reported to suggest the superiority of a specific
PFO closure device (Table 2).

Patent foramen ovale closure indications

Clinical variables which favour a PFO device closure for
secondary prevention following CS are young age, no com-
mon CV risk factors, no other potential CV causes of throm-
boembolism, the concomitance of DVT or DVT risk factors,
ASA, or large shunt association. ASA association seems jus-
tify the PFO closure, while less agreement is about only
moderate or severe shunts without an ASA or other risk
factors.

Device closure for patent foramen ovale M45
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In a review in absence of ASA, the risk of stroke relapse
was low and percutaneous PFO closure was not recom-
mended.35 However in the meta-analysis PFO closure in
patients with the largest shunt was beneficial, indepen-
dent of the presence of an ASA. The same indication comes
from CLOSE and DEFENSE-PFO trials where selected high-
risk patients, with or without ASA, in contrast to previous
studies, received a benefit from PFO closure with no CS re-
currence. Consequently, both French and ESC Position
Papers recommend percutaneous PFO closure in CS
patients with ASA or isolated PFO with large shunts. The
updated AHA Stroke guidelines favour PFO closure vs. anti-
platelet therapy, but not vs. anticoagulant therapy, and
only in patients with the restrictive eligibility criteria of
the RCTs.

Secondary prevention of cryptogenic stroke
in patients with patent foramen ovale:
medical therapy

Medical therapy should be considered in low-risk patients
where PFO device closure is not indicated, assessing the
bleeding risk vs. the PFO-stroke-related relapse risk. This
evaluation should be repeated at intervals during the long-
term follow-up because the characteristics of the patient
may change.

Vitamin K antagonists (VKA) may be the best choice in
low bleeding risk, in presence of good compliance and with
adequate monitoring. DOACs need further study to extend
their use in this setting. Whilst DOACs show greater anti-
embolic protection and a reduced bleeding risk compared
to VKA in patients with AF, the results compared to antipla-
telet agents in CS, have been disappointing.

Antiplatelet therapy can be an alternative when these
criteria are lacking or the risk of stroke is low. Only in the
RESPECT trial, the data of the medical therapy arm with
anticoagulant or antiplatelet therapy are reported. Among
those with indication to anticoagulation, there was no ben-
efit of PFO closure. A full and unbiased discussion with
patients regarding the various options so they can make a
fully informed decision is appropriate.

What to do in daily clinical practice

The decision to recommend and proceed to a percutaneous
PFO device closure should be agreed in a MDT, ideally in-
cluding neurologists, and cardiologists with expertise in
echocardiography, intervention, congenital heart disease,
and other imaging experts if needed.

The neurologist should evaluate imaging and exams com-
ing to the conclusion of their compatibility with an embolic
event. The imaging specialists including echocardiography
should confirm the diagnosis of a PFO and ASA or ASD if pre-
sent, the shunt degree and PFO anatomy, and exclude
other possible cardiac or vascular sources of thromboem-
bolism. The interventional cardiologist should evaluate the
feasibility and safeness of the PFO closure procedure, its
possible risks, and the choice of the device, after a careful
evaluation of the anatomic characteristics. The decision
should be discussed in a timely manner with the patient,

and after explaining the risks and benefits of the
procedure.
Currently, PFO closure is recommended only as a second-

ary prevention indication for patients aged from 18 to
60 years with a CS of probable cardioembolic origin in the
previous 6months, when PFO is associated with ASA or to
high degree shunts (>20–25 microbubbles), especially in
presence of concomitant DVTandwhen other causes of car-
diac thromboembolism have been ruled out.
It is not currently recommended for subjects without

these specific criteria, like CS more than 6months before,
TIA, age over 60years, asymptomatic ischaemic lesions oc-
casionally found at cerebral MRI, PFO with moderate shunt
(<20 microbubbles), and, moreover, patients who need
anticoagulation for other indications. These remain areas
for future research.
In the specific cases, the intrinsic characteristics of the

PFO may have a higher risk degree (ASA association, Chiari
network, Eustachian prominent valve, long ‘tunnel’ PFO,
stroke relapse during anti-thromboembolic treatment,
DVT, and situations favouring its occurrence and recur-
rence, like hypercoagulability conditions, chronic pulmo-
nary hypertension, stroke after Valsalva manoeuvre, RoPE
scoring). The presence in a patient of common CV risk fac-
tors should be seen against the PFO closure indication. The
ROPE score23 assesses stroke-related vs. incidental PFO in
CS. A high score suggests a high association between PFO
and CS (young patients, few or no vascular risk factors, cor-
tical infarcts with risk of recurrence of 2% at 2 years), while
a low score suggests that the PFO is an incidental finding
(elderly patients, deep infarcts, and vascular risk factors
with a 2 years risk of recurrence of 20%). In clinical practice
has not yet been validated to select the patients that bene-
fit mostly from PFO closure.
We endorse the recommendations of Pristipino et al.

about PFO closure according to (i) CS with a high probabil-
ity of PFO role and (ii) High relapse probability. However,
the answers to both these questions should be individual-
ized. Moreover, if both conditions are present the closure is
strongly suggested, if both are negative should be pre-
ferred a medical treatment. If only one of the characteris-
tics is present it should be taken a decision only after a
careful consensus.
It is strongly recommended that percutaneous PFO de-

vice closure should be undertaken in high volumes centres
with dedicated follow-up. After PFO closure there is evi-
dence to start medical therapy (aspirin 75mg with clopi-
dogrel 75mg) from 1 to 6 months; followed by
monotherapy for 5 years. Considering the high risk of de-
veloping AF in the first months after the procedure and of
PE, it should be carefully evaluated anticoagulant instead
of an antiplatelet prophylaxis for 40days. To date, there
are no clear indications on what to do in case of residual
right to left shunt in patients with already closed PFO.

Conclusions

Recent RCTs and subsequent meta-analyses increased the
data available to aid decision making in patients with CS
and a PFO. Whilst these studies have helped to identify the
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population with the greatest benefit, many questions re-
main in the patient group with some high-risk features but
insufficient to be stratified as high-risk. Medical therapy
with antiplatelet vs. anticoagulation therapy, subjects not
involved in RCTs, optimal management therapy after the
procedure, AF management, new percutaneous closure
methods, and the role, if any, in primary prevention of clo-
sure in patients with a PFO with multiple high-risk features
are topics requiring further studies to guide treatment
decisions in patients with CS.

Research in the field in the next years will lead to im-
proving and refining the evidence base for the manage-
ment of CS in patients with a PFO.
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