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Patent foramen ovale (PFO) has a high prevalence in general population and can be
implicated in cryptogenic stroke among young people. Recent trials have shown
that transcatheter PFO closure is superior to medical treatment in the secondary
prevention of ischaemic stroke. The benefit in the reduction of stroke recurrence is
particularly evident in patients who have documentation of a PFO with high-risk
characteristics. Therefore, after the assessment of a clear causal relationship with
the event, a thoughtful documentation of anatomic (height, length, presence of an
aneurysmatic or a floppy atrial septum, a prominent Eustachian valve or Chiari’s
network, an acute angle with the inferior vena cava) and functional high-risk charac-
teristics is mandatory.

Epidemiology

Foramen ovale is a physiological inter-atrial communica-
tion that can pathologically persist after foetal life in�25%
of adult general population; in this case, the condition is
defined as patent foramen ovale (PFO). Due to increased
thrombogenic diathesis and possible right to left emboliza-
tion, PFO is thought to be implicated in ischaemic left
circulation embolism.
Each year, around 350 000 patients aged from 18 to

60 years with a PFO experience an embolic stroke of other-
wise undetermined cause.1 Cryptogenic ischaemic left
circulation embolisms—including cryptogenic stroke (CS)—
are defined as any definite ischaemia in the arterial
bed that lacks of a known cause despite investigation.2

Embolic stroke of undetermined source is a subcategory of

ischaemic CS, denoting non-lacunar strokes without an
identifiable aetiology.

When a CS coexists with a PFO, it can be re-classified as
PFO-related.

Pathophysiology

Paradoxical embolism is the major suggested mechanism
linking PFO to stroke, as it may occur when a thrombus
shunts from the venous circulation to the arterial circula-
tion. Alternative pathophysiological processes include
thrombus forming within the PFO, left atrial dysfunction,
and atrial arrhythmias.

However, demonstrating a certain association between
PFO and stroke in a given patient is challenging1; actually,
given the high prevalence of PFO in the general population,
PFO might be also an incidental finding. A thoughtful as-
sessment of PFO characteristics associated with a high risk
for stroke is therefore mandatory to identify the patients*Corresponding author. Email: m.zimarino@unich.it
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who aremost likely to benefit from an aggressive therapeu-
tic approach.

High-risk PFO

The diagnostic work-up of CS should be modulated with an
age-related algorithm, being events occurring in the early
decades more likely related to congenital conditions—
namely PFO—, while acquired pathological conditions be-
comemore prevalent causes of CS after the fifth decade.

Overall, CS are usually related to silent paroxysmal atrial
fibrillation (AF); therefore, AF screening, also by prolonged
ECG monitoring, represents the first step of the diagnostic
work-up in patients �55years old.2 Other major causes of
stroke, like aortic arch and intracranial/extracranial ath-
erosclerotic disease, atrial cardiomyopathy, non-PFO-
related sources of paradoxical embolism (arteriovenous
malformations, atrial or ventricular septal defects, patent
ductus arteriosus, and tetralogy of Fallot), malignancy,
bacterial and non-bacterial endocarditis, and inherited
thrombophilias should also be considered. Once AF and
other major causes of stroke are excluded, investigation of
PFO presence and successive identification of ‘high-risk’
characteristics are mandatory.

The assessment of the probability that the PFO has a
relevant role in the observed clinical scenario and of the
likelihood that the event will recur has to be considered to
guide the treatment2 (Figure 1).

The risk criteria for stroke in patients with a PFO can be
categorized into clinical, anatomical, functional, and cir-
cumstantial criteria. The Risk of Paradoxical Embolism
(RoPE)3 score was based on data from 12 databases and
combines some of these criteria to identify stroke-related
vs. incidental PFO in CS (Table 1).

Although helpful, simple, and practical, the RoPE score
should always be used in conjunction with other parame-
ters, as it does not account for high-risk morphological
features of the PFO.1 Other clinical clues, conditions that
strongly suggest paradoxical embolism in the presence of a
PFO, include the simultaneous or previous occurrence of
pulmonary emboli or the documentation of a venous source
of embolism around the time of stroke, immobilization, re-
cent major surgery, an extended car or airplane journey
with possible venous clot development. Activity at the
time of the stroke is also relevant—straining manoeuvres,
obstructive sleep apnoea with stroke-on-waking should be
enquired.

Nakayama et al.4 identified the anatomical and func-
tional high-risk characteristics of PFO by transoesophageal
echocardiography (TEE). A ‘large’ PFO is defined for a
height � 2mm, as measured by the maximum separation
between the septum primum and septum secundum in the
end-systolic frame. A ‘long’ PFO tunnel is defined for a
length� 10mm, as measured by the maximum overlap be-
tween the septum primum and septum secundum. Not only
the presence of an atrial septal aneurysm (ASA)—a� 10mm
septal excursion from the midline into the right or left

Figure 1 Flowchart for PFO-related stroke diagnosis and ‘high-risk PFO’ identification. c-TCD, contrast-enhanced transcranial Doppler; c-TOE, contrast
transoesophageal echocardiography; c-TTE, contrast-enhanced transthoracic echocardiography; ESUS, embolic stroke of undetermined source; PFO,
patent foramen ovale.
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atrium or � 15mm total excursion between the right and
left atrium—but also an hypermobile interatrial septum—a
floppy septum with excursion � 5mm in every heartbeat—
are characteristics of high-risk PFO. Other anatomic deter-
minants of increased CS risk are the presence of either a
prominent Eustachian valve or a Chiari’s network � 10mm
in the right atrium. Finally, also a sharp (�10�) angle
between inferior vena cava and PFO is associated with a
high-risk PFO.

The echocardiographic assessment should be completed
with a functional evaluation, as a large right-to-left (RL)
shunt is defined by the presence of �20 microbubbles in
the left atrium at rest and during Valsalva manoeuvre, al-
though there is no consensus on the association of a large
RL shunt and a higher risk PFO-related stroke. The sub-
group analysis of the Randomized Evaluation of Recurrent
Stroke Comparing PFO Closure to Established Current
Standard of Care Treatment (RESPECT) trial,5 documented
that large shunts were associated with a higher risk of em-
bolic event recurrences, while in the RoPE database also a
small shunt was a significant predictor of stroke recurrence
among patients who had a higher probability that their PFO
was stroke-related rather than an incidental finding.

Nakayama et al.,4 using the above-mentioned anatomi-
cal and functional characteristics of PFO by TEE, developed
a simple scoring system for the identification of high-risk
PFO (Table 2). By scoring each of the factors related to CS
as 1 point, a total score � 2 points was strongly associated
with CS. A score�2 points showed a 91% sensitivity and 80%
specificity for the association with CS.

Among clinical criteria, older age, coagulation disorders,
D–dimer >1000ng/mL at admission, and acetylsalicylic
acid use vs. oral anticoagulants expose the patient to a
higher PFO-related stroke recurrence rate.

Efficacy of PFO closure

In early 2010s, the availability of percutaneous closure
devices was welcomed as the strategy to potentially eradi-
cate the risk of PFO-related stroke recurrence. However, in
the early randomized clinical trials (CLOSURE I trial,6 PC

trial,7 and RESPECT trial8), PFO closure failed to demon-
strate a significant reduction of stroke recurrence as
compared with antithrombotic therapy. Lack of high-risk
PFO features, clear CS confirmation, and a too short
follow-up for a low annual risk of stroke recurrence in the
enrolled study populations might have been the major
determinants for trials’ failure.
In 2017, other trials including higher risk-PFO patients

and with a longer follow-up (CLOSE trial,9 DEFENSE-PFO
trial,10 REDUCE trial,11 subgroup analysis of long-term
RESPECT study5) demonstrated a significant reduction in
ischaemic stroke recurrence with PFO closure as compared
with antithrombotic treatment (antiplatelet or anticoagu-
lant therapy).
The most striking benefits favouring the PFO closure

strategy were obtained in the DEFENSE-PFO trial,10 where
only high-risk PFO patients—with ASA or a PFO size
�2mm—were enrolled and adverse events occurred exclu-
sively in themedication-only group during the two-year fol-
low-up.
CLOSE trial9 deemed eligible only 16–60 years old

patients with ASA or large shunt PFO characteristics and
demonstrated a lower rate of stroke recurrence in the PFO
closure plus antiplatelet therapy than in the antiplatelet
therapy-only group. A sub-analysis of the RESPECT trial5

confirmed a four-fold reduction in the recurrence of
ischaemic events with high-risk PFO closure. Nevertheless,
PFO closure was associated with a significant increase in
post-procedural AF.5,9–11

A recent meta-analysis from Giacoppo et al.12 docu-
mented that the annual incidence of stroke was 0.48/100
person-years after PFO closure and 1.26/100 person-years
after medical therapy; the estimated number needed to
treat with PFO closure to prevent one stroke over five
years was 24 in unselected patients and 13 in patients with
high-risk PFO. A larger stroke risk reduction after PFO
closure was documented in patients <45 years old, males,
with substantial shunts, without no interaction between
subgroups.
In conclusion, in patients with the highest probability

that PFO has a relevant role in the observed clinical sce-
nario and of recurrence risk, the closure of the PFO should
be advised; for patients with intermediate probabilities,
clinical judgement is required to allow good decision mak-
ing in according to the patient. For patients with the lowest
probability, medical therapy can be considered. Unclear
benefits of PFO closure procedure should be wisely

Table 1 RoPe score (modified from Kent et al.3)

Patient characteristics Points

No history of hypertension þ1
No history of diabetes þ1
No history of stroke or TIA þ1
Non-smoker þ1
Cortical infarct on imaging þ1

Age (years)
18–29 þ5
30–39 þ4
40–49 þ3
50–59 þ2
60–69 þ1
�70 0

Table 2 High-risk PFO score calculator (modified from
Nakayama et al.4)

Variables Point

Long-tunnel PFO � 10mm 1
Hypermobile interatrial septum 1
Eustachian valve or Chiari’s network 1
Large RL shunt during Valsalva maneuver 1
Low-angle PFO � 10� 1
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weighted against a non-negligible risk of procedural
complications.5

Antithrombotic therapy

Single antiplatelet therapy (SAPT) is the cornerstone of
secondary prevention in patients who experienced an
ischaemic stroke event, including PFO-related stroke, re-
gardless a PFO-closure procedure has been performed.13

An anticoagulation regimen can be alternatively chosen in
the presence of other coexisting indications—such as AF,
deep vein thrombosis, pulmonary embolism, or mechanical
valve prosthesis.

In patients undergoing percutaneous PFO closure, dual
antiplatelet therapy (DAPT) is usually required to prevent
an additional 1–2% increase in the risk of thromboembolic
events related to device implantation (Figure 2).
DAPT with aspirin and clopidogrel is recommended for
1–6months after device implantation. Caution can be paid
to possible delayed device endothelialization and SAPTcan
also be maintained for at least 5 years to prevent possible
late thrombotic events. Anyway, long-term antithrombotic
therapy should be considered in patients at high risk for re-
current stroke (e.g. significant residual shunt). Conversely,
in high bleeding risk patients, antithrombotic treatment
discontinuation after 1 year may be considered, especially
if stroke recurrence risk is negligible (young age, successful
PFO closure).13

Long-term implications after PFO closure

After percutaneous PFO closure, rare long-term complica-
tions may occur in about 2.6% of cases.2 Residual shunt,

atrial arrhythmias, embolization, endocarditis, aortic root
erosion, and perforation with pericardial effusion should
be systematically searched, especially in the presence of
overt symptoms.

Conclusion

In patients with a clear documentation of PFO-related
stroke, the risk of annual recurrence rate on medical ther-
apy is low, generally < 2%. Currently available evidence
clearly documents an association of percutaneous PFO clo-
sure with a stroke recurrence reduction and such benefit
seems to be more evident, although not exclusive, in the
high-risk PFO group. A cautious approach with a multi-
parametric evaluation and a risk-benefit evaluation for
both in-hospital and long-term events is anyway recom-
mended, due to the low but not negligible risks related to
percutaneous PFO closure.

Conflict of interest: none declared.
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