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What is a foramen ovale?

A foramen ovale (FO) is an anatomical structure
allowing communication between the right and the left
atrium. Differently from an atrial septal defect which
is a hole in the atrial septum, the FO is a tunnel run-
ning from right to left between the septum secundum,
on the right side, and the septum primum on the left
side (Figure 1).

The width and length of the tunnel can be widely
different from case to case, depending on the degree

of separation and overlapping of the two septa. The
septum primum, which is the thinner of the two septa,
can be redundant and mobile forming an atrial septal
aneurysm and it can harbor one or more fenestrations
creating additional communications between the atria.
The septum secundum, which is not a real septum but
an infolding of the atrial wall filled with fat tissue, can
vary in thickness, depending on the amount of fat, up
to more than 10 mm (lipomatous hypertrophy). There-
fore, the anatomical features of the FO are consistently
variable and additional anatomical structures such as
a redundant Eustachian valve or a Chiari network, can
further add to the complexity of its anatomy.1

The FO is essential for fetal life allowing the oxy-
genated blood coming from the placenta via the infe-
rior vena cava to cross the atrial septum reaching the
left ventricle and ascending aorta to mainly supply the
brain; the well-developed Eustachian valve of the
fetus plays a crucial role by directing the blood from
the inferior vena cava to the entrance of the FO on the
right side of the septum.

After birth, respiration lowers the pulmonary vas-
cular resistances increasing the pulmonary blood flow
and the blood inflow into the left atrium which, in
turn, increases left atrial pressure forcing the septum
primum against the septum secundum and function-
ally closing the FO. With time, the two septa become
fused to each other, anatomically sealing the FO. This
sealing process does not occur in many people leaving
a patent foramen ovale (PFO) in around 25%-30% of
the general population as shown by autopsy findings
and echocardiographic reports.2,3

Even if tiny amounts of left to right shunt can
occur through a PFO, it mainly acts as a unidirectional
valve allowing right to left shunting of blood at the
atrial level; any increase of right atrial pressure would
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facilitate right to left shunting but it frequently occurs
even with normal atrial pressures.

How to diagnose a patent foramen ovale

Standard transthoracic ecochardiography (TTE),
without saline injection, cannot reliably diagnose a
PFO and should not be used for this purpose. Both
transcranial Doppler (TCD) and TTE, when per-
formed after injection of agitated saline in a peripheral
vein, can make the diagnosis of a right to left shunt
with a high sensibility and specificity (97% and 93%
for TCD; 91% and 93% for TTE);4,5 performing a Val-
salva maneuver is part of both examinations with the
aim of transiently and briskly increasing venous return
to the right atrium, at releasing of the maneuver, to
elicit a right to left shunt in the setting of a PFO.

While TCD can objectively quantify the magni-
tude of the shunt by counting the high intensity signals
recorded at the level of the medial cerebral artery, it
cannot identify the site of the shunt, which is not al-
ways due to a PFO (e.g., pulmonary fistulas). Even if
TTE can add something about the site of shunting,
only transesophageal echocardiography (TEE) is able
to definitely confirm the PFO as the source of the
shunt allowing also to thoroughly delineate its
anatomical features which are of special relevance
when planning PFO closure.6 Moreover, in patients
with a history of unexplained ischemic cerebrovascu-
lar event, the echocardiographer must always remem-
ber to look for any less common possible alternative
source of cardioembolism such as atrial mixoma, left
atrial appendage thrombosis, left ventricular thrombus
or papillary fibroelastomas each of those can coexist
even with a large PFO (Figure 2).

When to look for a patent foramen ovale

A PFO has been associated with many different
conditions such as cerebrovascular or systemic is-
chemia, migraine with aura, transient global amnesia,
ortodeoxia-platipnea, obstructive sleep apnea syn-
drome, and decompression illness in divers.

Nonetheless, given the high prevalence of a PFO
in the general population, the effective causal-effect
link between the PFO and these conditions is fre-
quently far from being definitely ascertained. More-
over, looking for a PFO seems to be justified only
whenever finding it could prompt any interventional
or pharmacological treatment at least likely to improve
the outcome. This could be the case in patients with
cryptogenic cerebrovascular or systemic ischemia, or-
todeoxia-platipnea or in professional divers with or
without a history of decompression illness. Searching
a PFO is frequently asked for in patients who suffer

from migraine because case-control studies have
shown a higher prevalence of PFO in migraineurs with
aura (40% to 60%) as compared to the general popu-
lation7 and conversely a higher prevalence of migraine
with aura in subjects with a PFO (13% to 50%).8 A
more recent case control study reporting migraine di-
agnosed by specialists9 and a prospective population
study about self-reported migraine10 failed to confirm
this association. Many retrospective studies reported
a significant improvement of migraine severity after
PFO closure8 but the quality of such evidence was re-
ally too low to allow any conclusion. As a matter of
fact, the MIST trial, a randomized trial comparing
PFO closure with medical therapy in patients with se-
vere migraine, failed to demonstrate any substantial
benefit of PFO closure with an additional complica-
tion rate of 6.8% in the device group.11 Finally, while
the presence of white matter lesions on brain magnetic
resonance imaging (MRI) is a frequent finding in pa-
tients suffering from migraine with aura, no correla-
tion has been found between the white matter lesion
load and a right to left shunt at the PFO level.12 Other
trials about the issue of migraine and PFO are cur-
rently underway but, for the time being, there is no ev-
idence to support PFO closure as a mean of treating
symptoms or preventing cerebral ischemia.

The occasional diagnosis of a patent foramen ovale

Not infrequently, an echocardiogram prescribed
for different reasons can show an atrial septal
aneurysm (prevalence of approximately 2-3% in the
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Figure 1. Two-dimensional transesophageal echocardio-
graphy long-axis of the patent foramen ovale. LA, left
atrium; RA, right atrium; *, septum primum; #, septum
secundum.
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general population)13 and or a tiny left to right shunt
on color Doppler through a small fenestration of the
septum primum. In this setting, a TCD or a TTE with
contrast injection is frequently performed to look for
a right to left shunt possibly leading to the diagnosis
of a PFO. Moreover, a cerebral MRI is not seldom car-
ried out seeking for silent brain lesions and aspirin or

even PFO closure are eventually advised, with the aim
of preventing paradoxical embolism. This behavior is
hardly justified on the basis of our current knowledge.
As a matter of fact, two population-based studies have
clearly shown that an occasional diagnosis of PFO,
alone or associated with an atrial septal aneurysm, do
not entail a higher risk of having a first cerebrovascu-
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Figure 2. A 54-year-old patient with a hystory of cryptogenic stroke: A) two-dimensional transesophageal echocardiog-
raphy (2D-TEE) with evidence of a large tunnel of the foramen ovale (FO) (white arrow); B) color-Doppler showing a
large right to left shunt through the FO; C) 2D-TEE of the aortic valve in long axis projection showing a small mass ad-
herent to the non-coronary cusp suggestive of a papillary fibroelastoma (dotted arrow); D) the same mass is shown in
short axis projection (dotted arrow); E) papillary fibroelastoma of the aortic valve after surgical resection.
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lar event at a mean follow-up of five to seven years as
compared to a population without septal anom-
alies.14,15 In the Northern Manhattan Study, enrolling
patients over 39 years of age, the hazard ratio (HR)
for a first stroke was 1.64 [95%confidence interval
(CI) 0.87-3.09] with a PFO and 1.25 (95% CI 0.17-
9.29) with PFO and atrial septal aneurysm while in the
SPARC study, including patients over 45 years, the
HR for a PFO was 1.46 (95% CI 0.17-2.88). Unex-
pectedly, an isolated atrial septal aneurysm (without a
PFO) was apparently associated with a higher risk of
cerebrovascular events but this condition was present
only in a small number of patients in both studies and
needs further assessment in a larger population.

Patent foramen ovale and cryptogenic
cerebrovascular or systemic ischemia

Are we confident the patent foramen ovale is the
culprit?

Cryptogenic cerebrovascular or systemic ischemia
is defined as a cerebrovascular or systemic ischemic
episode with no identifiable cause after a complete di-
agnostic workup. Cryptogenic stroke (CS) is most fre-
quently encountered in clinical practice and it
accounts for up to 40% of ischemic strokes in young
patients; a transient ischemic attack (TIA) of undeter-
mined origin is a common finding too. Prevalence of
a PFO has been shown to be higher in patients who
suffered a CS as compared to patients with a known
cause of stroke, mainly under 55 years of age. A meta-
analysis of case-control studies showed that patients
under 55 years of age with a history of CS were six
time more likely to have a PFO as compared to pa-
tients with a known cause of stroke16 strongly suggest-
ing an association between PFO and CS. The more
accepted mechanism accounting for this association is
paradoxical embolism defined as thromboembolism
originating in the venous system and entering the sys-
temic circulation through the PFO. In situ thrombosis
at the PFO or atrial arrhythmias have also been pro-
posed as alternative mechanisms.

The occasional detection of an embolus crossing
the PFO in concomitance with a stroke and sometimes
with pulmonary thromboembolism, demonstrates the
biological plausibility of paradoxical embolization but
this is an exception and not the rule.17,18 Indeed, a ve-
nous source of embolism is only rarely documented
in patients with CS and a PFO; in the recent RE-
SPECT (randomized evaluation of recurrent stroke
comparing pfo closure to established current standard
of care treatment) trial the prevalence of deep vein
thrombosis (DVT) was 3.6% in the whole study pop-
ulation.19 Notably, recent reports suggest that a MRI
venogram performed early after a CS can diagnose a

peripheral or pelvic venous thrombosis in up to 8% of
the patients with a PFO20,21 also showing congenital
anomalies of the pelvic veins possibly predisposing to
DVT in an additional 10% of them.22 Combined com-
puted tomography (CT) venography and pulmonary
angiography recently yielded similar results with re-
spect to prevalence of DVT, diagnosing a silent pul-
monary embolism in 4.4% of the patients as well.23 In
the clinical setting, concomitant occurrence of DVT
with or without pulmonary embolism together with
systemic embolism in patients with a PFO and a right
to left shunt is the only situation allowing a definitive
diagnosis of paradoxical embolization.

In daily practice, this chain of events is rarely
found and given the high prevalence of a PFO in the
general population, an association between PFO and
CS does not necessarily imply a causal link explaining
the cause of an otherwise CS. This is why the most
difficult aspect of the diagnostic workup in each single
patient is not to diagnose the PFO but to estimate the
probability the PFO would have a causal role and
would not be only an incidental finding. The ROPE
investigators, by analyzing data coming from 12 data-
bases accounting for more than 3000 patients with CS
investigated for a PFO, derived a scoring system
(ROPE score) to predict the probability of the stroke
being PFO related.24 Included in the scoring system
were age (top score for the youngest patients and
lower for the older ones), absence of hypertension, di-
abetes and smoke (one point each), no previous TIA
or stroke (one point) and type of cerebral lesion on im-
aging (one point if superficial lesion suggestive of car-
dioembolism) giving a final score between 0 and 10.
Patients with the higher scores are more likely to have
suffered from a PFO related stroke being younger with
no or few cardiovascular risk factors and an ischemic
cerebral lesion probably due to cardioembolism. Re-
markably, patients with the higher probability of hav-
ing a PFO related stroke also had the lower risk of
having a recurrent stroke/TIA at 2-year follow-up (2%
in the higher score stratum versus 20% in the lower
one) suggesting that paradoxical embolism through
the PFO is a less common mechanism of stroke as
compared to more established causes of cerebral is-
chemia such as atrial fibrillation or large vessels ath-
erosclerosis. Some anatomical features of the atrial
septum such as an atrial septal aneurysm, a large or
long PFO tunnel (>4 mm in width and >10 mm in
length) or the presence of a redundant Eustachian
valve (>10 mm in length), have been repeatedly re-
ported to increase the likelihood of paradoxical em-
bolism or the risk of recurrences25-30 but conflicting
data have been published about this issues31,32 so that
their positive predictive value seems to be quite low.
Nonetheless, more recently, a large right to left shunt
as determined by TCD has been shown to be corre-
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lated with a higher ROPE score meaning a plausible
PFO related stroke and suggesting an important role
for this diagnostic tool in identifying patients more
likely to have a pathogenic rather than an incidental
PFO.33 Moreover echocardiographic features of the
atrial septum such as septal hypermobility seem to be
associated with a higher risk of recurrence only in pa-
tients with a high probability of a PFO related stroke
(ROPE score >6).34 Clinical predictors of paradoxical
embolism through a PFO have also been reported in
the literature such as a history of DVT/pulmonary em-
bolism, recent prolonged travel, Valsalva maneuver
preceding the neurological symptoms or waking up
with stroke or TIA.35 Finally, some studies also
showed a link between inherited thrombophilias such
as Factor V Leiden and mainly the prothrombin
G20210A variant and CS with a PFO36 but this has not
been confirmed by others.37

To summarize for practical purpose, clinical fea-
tures mainly focusing on age, classical cardiovascular
risk factors and history of DVT together with the pat-
tern of cerebral imaging, the modality of occurrence
of the neurological symptoms and possibly right to let
shunt severity on TCD should help us picking up pa-
tients more likely to have a culprit PFO while the
anatomical features of the atrial septum seem to be
more relevant in predicting the risk of recurrent cere-
brovascular events in these patients.

Medical treatment

Treatment of a stroke, TIA or systemic ischemia
likely to be PFO related is still a medical dilemma.

As far as pathophysiology is concerned, systemic
embolization in patients with a PFO starts from a
platelet-poor thrombus formation either in the venous
system, in the tunnel of the PFO or in the left atrium,
depending on the involved mechanism (paradoxical
embolization, in situ thrombosis or atrial arrhythmias).
Accordingly, anticoagulation should be more effective
in preventing recurrences as compared to antiplatelet
therapy such as in patients with DVT, pulmonary em-
bolism or atrial fibrillation. Nonetheless, a definitive
evidence to support this compelling theoretical hy-
pothesis is still not available. A systematic review of
observational and randomized data, showed an im-
pressive 50% reduction in the recurrence risk with
warfarin in patients with CS and PFO,38 but a more re-
cent meta-analysis involving more than 2000 patients,
did not find a statistically significant difference in the
composite outcome of stroke, TIA or death with anti-
coagulation as compared to antiplatelet therapy.39 De-
spite this, the option of using an anticoagulant remains
compelling mainly today as the new oral anticoagu-
lants (NOACs) have proved to be very effective and
safer than warfarin in patients with venous throm-
boembolism or atrial fibrillation. To this end, a new

neurological entity has been recently accepted, namely
the embolic stroke of undetermined source, defined as
a non-lacunar infarct without proximal arterial steno-
sis and major cardioembolic sources,40 which also in-
clude patients with CS and PFO; this new entity has
recently been proposed as a possible new target for
NOACs which should be tested in randomized trials.41

Interventional treatment

In the last years, transcatheter closure of the PFO
has been largely accepted and performed as a means of
treating patients with CS and PFO even though no de-
finitive evidence of its superiority over medical therapy
is still available. The procedure can be accomplished
under general anesthesia with fluoroscopic and TEE
monitoring or only with local anesthesia replacing TEE
with intracardiac ultrasound. Many different devices are
available to close the PFO thus helping fixing different
anatomies of the atrial septum. As far as closure effec-
tiveness is concerned, data coming from the recent ran-
domized studies reported complete closure or a small
residual shunt on TEE at 6 months follow-up in around
95% of the cases suggesting that approximately 4% to
5% of the patients can still have a significant right to
left shunt after device closure.19,42 Previous data about
accurate TCD follow-up, showed a large residual shunt
in 14% of the cases at a mean of one year post-proce-
dure, irrespective of the type of device but more com-
mon in patients who received larger devices (>33 mm)
to close larger PFOs.43 Concerning safety, complication
rates are generally low but major peri-procedural com-
plications are reported even in the recent years in
around 1.5-2.5% with the most feared ones being car-
diac perforation and pericardial tamponade requiring
emergency surgery in 0.2-0.4% of the cases.19,42 A re-
cent report about more than 7000 procedures of PFO
and atrial septal defect closure clearly pointed out that
high volume units (>38 procedures/year) had less com-
plications together with a lower length and cost of hos-
pitalization. Device-related complications have also
been reported later after PFO closure such as atrial ar-
rhythmias and mainly atrial fibrillation, erosion with
pericardial effusion or tamponade and thrombus forma-
tion on the device. The incidence of atrial fibrillation as
detected by symptoms or standard electrocardiogram
(ECG) seems to be around 3% with the more recent de-
vices19,32 as compared to 5.7% with older ones44 even
though one report using a 7-day event loop recorder 3
and 6 months after PFO closure detected silent atrial
fibrillation of more than 60 s duration in 15% of the pa-
tients suggesting that silent atrial fibrillation could be a
relevant issue.45 Further studies are needed to better de-
lineate which is the real incidence of atrial fibrillation
after PFO closure and whether it could have a role in
stroke recurrences after closure or even in the etiology
of the index ischemic event. Real data about late cardiac
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erosion are difficult to obtain but it seems to be ex-
tremely rare around 0.01%-0.02%46 even though it has
been reported up to 10 years after the procedure.47

Thrombus formation on the device is difficult to detect
unless routine follow-up TEE is performed because it
is frequently asymptomatic with a reported incidence
around 1%-2%.48

On the whole, PFO closure today is a substantially
safe procedure in experienced centers but close
periprocedural monitoring for at least 24 h and long-
term clinical and echocardiographic follow-up are to
be warranted.

Interventional treatment versusmedical treatment

Initial observational studies suggested a clear su-
periority of PFO closure over medical therapy in pre-
venting recurrences in patients with CS and a PFO. As
a matter of fact, two meta-analyses of single-arm or
comparative non-randomized studies showed an inci-
dence ratio of recurrent stroke of 0.36-0.76 events per
100 people years after PFO closure as compared to
2.5-4.4 events per 100 people years with medical ther-
apy, which yielded a statistically significant superior-
ity of the interventional treatment.38,49

Unfortunately, these results have not been con-
firmed by the three randomized clinical trials (RCT)
published thus far: CLOSURE-I (evaluation of the
starflex septal closure system in patients with a stroke
and/or transient ischemic attack due to presumed par-
adoxical embolism through a patent foramen ovale
study), PC (clinical trial comparing percutaneous clo-
sure of patent foramen ovale using the AmplatzerTM
PFO occluder with medical treatment in patients with
cryptogenic embolism trial) and RESPECT.

CLOSURE-I44 compared PFO closure using the
STARFLEX device with medical therapy in 909 pa-
tients under 60 years old with a history of CS or TIA:
the incidence of recurrent stroke at 2-year follow-up
was 2.9% in the closure group and 3.1% in the med-
ical-therapy one (P=0.79) and the same was true also
for recurrent TIA (3.1% vs 4.1%; P=0.44).

The PC trial42 enrolled 414 patients under 60 years
old with a history of CS, neuroradiologically verified
TIA (symptoms lasting less than 24 h with an acute is-
chemic lesion on neuroimaging) or peripheral em-
bolism treated with medical therapy or PFO closure
with the AmplatzerTM device (AGA Medical Corp.,
Golden Valley, MN, USA). The mean follow-up was
longer (4.1 years) but the results were similar with a
recurrent stroke rate of 0.5% with closure and 2.4%
with medical therapy (P=0.14) and a TIA recurrence
rate of respectively 2.5% and 3.3% (P=0.56).

In the CLOSURE-I and the PC trial both the in-
tention to treat and the per-protocol analysis failed to
demonstrate a superiority of closure over medical ther-
apy alone.

The RESPECT trial19 enrolled 980 patients under
60 years old with a history of ischemic stroke confirmed
by cerebral imaging and treated with PFO closure using
the AmplatzerTM device (AGA Medical Corp.) or med-
ical therapy in 1:1 ratio; patients with a TIA or periph-
eral embolism were excluded. The primary end-point
was a composite of recurrent non-fatal ischemic stroke,
fatal ischemic stroke or early death after randomization.
At a mean follow-up of 2.6 years (range 0-8.1 years)
25 events occurred, which were all non-fatal strokes; 9
events occurred in the closure group and 16 in the med-
ical-therapy group with no significant difference in an
intention to treat analysis [HR with closure 0.49;
P=0.08]. Because of a higher drop-out rate in the med-
ical therapy group, as specified in the protocol, the re-
searchers also conducted a per-protocol analysis (HR
with closure 0.37; P=0.03) and an as-treated analysis
(HR after closure 0.27; P=0.007) both showing a sta-
tistically significant superiority of closure over medical
therapy. In a subgroup analysis, the protective effect of
PFO closure seemed to be more pronounced in patients
with an atrial septal aneurysm, a large right to left shunt
or a cortical lesion on neuroimaging.

Many meta-analyses have been published about
these three RCT giving again conflicting results so
that the uncertain conclusions of the RCT themselves
have not been clarified by combining their results with
quite different meta-analytic approaches.50-55 Over all,
there is a trend toward a superiority of PFO closure
but the quality of the evidence is low and the event re-
duction with closure seems to be low as well with a
high number needed to treat (number of patients to
treat in order to avoid one event >100).51

Moreover, we must aknowledge that all three
RCT have substantial limitations deserving some
comments: i) the recruitment period was by far
longer than predicted, lasting many years, mainly be-
cause of difficulties in enrolling patients due to off-
label PFO closure so that patients more likely to have
a PFO-related event were possibly treated with clo-
sure outside of the trials; ii) difficulties in enrolling
patients led to wider inclusion criteria such as in
CLOSURE-I which also accepted a TIA as one of the
inclusion criteria and primary endpoint with all the
well-known biases possibly arising from the clinical
diagnosis of a TIA; iii) medical therapy in the med-
ical groups was not standardized but left to the dis-
cretion of any participant investigator with
approximately 80% of all the patients treated with
aspirin alone. Similarly, type and duration of medical
therapy after PFO closure has been different from
study to study with patients going on with medical
therapy even more than one year after closure (40%
of the patients still on antiplatelets and 5% on war-
farin 4 years after PFO closure in the PC trial); iv)
closure I used a device which has been abandoned
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because of a recognized higher risk of device-related
complications and is nowadays no more available; v)
the annual recurrence rate was low regardless of the
type of treatment, being at most around 1% per year
also in patients on medical therapy alone. As a con-
sequence, the total number of events in the follow-
up was low (25 events in 8-year follow-up in
RESPECT) so as to weaken any type of positive or
negative conclusion because a wrong attribution of
only one or two events to one group or the other
would substantially modify the final results.

Other trials are ongoing like the REDUCE (gore
septal occluder for patent foramen ovale closure in
stroke patients) but they will probably share the same
limitations of the previous ones. On the other hand,
very recently the long-term results of the RESPECT
trial have been presented with a mean follow-up of 5.5
years (J.D. Carrol, unpublished data, 2015); while the
intention to treat analysis about any type of recurrent
stroke was still negative, looking only to recurrent
cryptogenic stroke showed a significant risk reduction

with closure [relative risk reduction (RRR) 54%;
P=0.042] and the same was true looking only at
younger patients being less than 60 years old at last
follow-up (RRR 52%; P=0.035) suggesting that inter-
ventional PFO closure can be superior to medical ther-
apy in carefully selected patients.

The uncertainty coming from the overall evalua-
tion of the randomized and observational studies is
also reflected by the recommendations of the interna-
tional guidelines about this issue.

As a matter of fact, all guidelines underscore that
insufficient data are available to make firm recommen-
dations and suggest antiplatelets as the initial treatment
for patients with a first CS or TIA and a PFO, provided
that no other clinical indication for anticoagulation does
exist. Anticoagulants are recommended in case of active
venous thrombosis while PFO closure might be consid-
ered in patients with a history of DVT provided that no
long-term anticoagulation is required or after a recurrent
ischemic event while on anticoagulant or antiplatelet
therapy (Table 1).55-57
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Table 1. Recommendations from international guidelines about treatment of patients with ischemic stroke or transient
ischemic attack and patent foramen ovale.

Reference                  Recommendations

AHA/ASA 201455      - For patients with an ischemic stroke or TIA and a PFO who are not undergoing anticoagulation therapy, antiplatelet
therapy is recommended (Class I; Level of Evidence B)

                                   - For patients with an ischemic stroke or TIA and both a PFO and a venous source of embolism, anticoagulation is indi-
cated, depending on stroke characteristics (Class I; Level of Evidence A). When anticoagulation is contraindicated an
inferior vena cava filter is reasonable (Class IIa; Level of Evidence C)

                                   - For patients with a cryptogenic ischemic stroke or TIA and a PFO without Evidence for DVT, available data do not sup-
port a benefit for PFO closure (Class III; Level of Evidence A)

                                   - In the setting of PFO and DVT, PFO closure by transcatheter device might be considered, depending on the risk of re-
current DVT (Class IIB; Level of Evidence C)

SPREAD 201556         - For patients with a cryptogenic ischemic stroke or TIA and a PFO without DVT or thrombophilia, aspirin 325 mg is in-
dicated

                                   - For patients with a cryptogenic ischemic stroke or TIA and a PFO who are undergoing anticoagulation for other reasons
such as DVT or pulmonary embolism, warfarin is indicated

                                   - For patients with a recurrent ischemic stroke or TIA while on antiplatelet or anticoagulant therapy, after a complete
multidisciplinary re-evaluation, PFO closure is indicated in accordance with the patient

                                   - Results of the three randomized studies comparing transcatheter PFO closure with medical therapy (CLOSURE-I, PC,
RESPECT) do not support PFO transcatheter closure as first line therapy

ACCP 201257              - In patients with asymptomatic PFO or atrial septal aneurysm, we suggest against antithrombotic therapy (Grade 2C)

                                   - In patients with cryptogenic stroke and PFO or atrial septal aneurysm, we recommend aspirin (50-100 mg/d) over no
aspirin (Grade 1A)

                                   - In patients with cryptogenic stroke and PFO or atrial septal aneurysm, who experience recurrent events despite aspirin
therapy, we suggest treatment with VKA therapy (target INR, 2.5; range, 2.0-3.0) and consideration of device closure
over aspirin therapy (Grade 2C)

                                     - In patients with cryptogenic stroke and PFO, with evidence of DVT, we recommend VKA therapy for 3 months (target INR,
2.5; range, 2.0-3.0) (Grade 1B) and consideration of device closure over no VKA therapy or aspirin therapy (Grade 2C)

AHA, American Heart Association; ASA, American Stroke Association; TIA, transient ischemic attack; PFO, patent foramen ovale; DVT, deep venous thrombosis; SPREAD, stroke
prevention and educational awareness diffusion; CLOSURE-I, evaluation of the starflex septal closure system in patients with a stroke and/or transient ischemic attack due to presumed
paradoxical embolism through a patent foramen ovale study; PC, clinical trial comparing percutaneous closure of patent foramen ovale using the AmplatzerTM (AGA Medical Corp.)
PFO occluder with medical treatment in patients with cryptogenic embolism trial; RESPECT, randomized evaluation of recurrent stroke comparing pfo closure to established current
standard of care treatment trial; ACCP, American College of Chest Physicians; VKA, vitamin K antagonist; INR, international normalized ratio.
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Cryptogenic stroke or transient ischemic attack in
patients with a patent foramen ovale: what to do
in clinical practice?

The diagnostic pathway leading to a diagnosis of
CS is not a topic of this article but it is mandatory to
emphasize that each patient must receive a thorough
neurological evaluation aimed at excluding any other
possible cause of a cerebrovascular event apart from
the PFO. Thereupon, it is noteworthy to remember that
searching for silent atrial fibrillation after a CS with
prolonged continuous ECG monitoring, has yielded
impressive results mainly in patients with a mean age
around 60 to 70 years with a detection rate of atrial
fibrillation ranging from 12.4% at 12 months to 16%
at 3 months.58,59 Whether similar results could be repli-
cated also in patients less than 60 years of age is still
unknown even though a recent report on 98 patients
with CS and age less than 50 years, diagnosed atrial
fibrillation in 10.2% of the patients by means of a 3-
week Holter monitoring on top of a standard approach,
suggesting that looking for atrial fibrillation even in
young patients could be rewarding.60 Provided that no
cause at all has been identified, a screening for right
to left shunt should be accomplished preferably by
means of TCD or also TTE both with injection of ag-
itated saline in a peripheral vein. A very small shunt
(less than 10 high intensity signals on TCD or few iso-
lated bubbles crossing to the left on TTE) should be
neglected while a more significant shunt should
prompt a TEE examination to confirm the site of the
shunt at the PFO level and to delineate its anatomy.
Because paradoxical embolism is still the more likely
mechanism accounting for a cerebrovascular event in
the setting of a PFO, patients should also be screened
for a possible source of venous thromboembolism
with ultrasonography, MRI venography or CT venog-
raphy. Blood screening for thrombophilias can be
added to the examinations according to medical judg-
ment and clinical history. When a diagnosis of deep
venous thrombosis or pulmonary embolism can be
done concurrently with the stroke or TIA, paradoxical
embolization through the PFO is the very likely cause
of the ischemic cerebral event. Otherwise, the likeli-
hood of a PFO related cerebrovascular event should
be inferred taking into account all the clinical and in-
strumental data of each single patient as previously
pointed out.

Whether the PFO is judged to be the more likely
culprit, antiplatelet therapy should be the first line
treatment. Anticoagulation should be probably
avoided as chronic treatment, particularly in the
youngest patients, provided no other indications does
exist apart from the PFO. Transcatheter PFO closure
is indicated in patients with a recurrent cerebrovascu-
lar event while on well conducted anticoagulation and
probably also while on antiplatelet agents, taking into

account that superiority of anticoagulation over an-
tiplatelet agents has not been clearly proved up to now.

After a first ever CS or TIA, the evidence support-
ing PFO closure, for the time being, is undoubtedly
weak. Nevertheless, it could be a reasonable option for
patients deemed to be very likely to have suffered a
PFO related event or to have a higher risk of recurrence
on medical therapy alone. Essentially, a young patient
(under 60 years) with as few cardiovascular risk factors
as possible who suffered a cryptogenic cardiovascular
event with evidence of a cerebral superficial ischemic
lesion on imaging and with a large right to left shunt,
possibly also with an atrial septal aneurysm, is cur-
rently the most suitable candidate for PFO closure.

A recent Italian collaborative multidisciplinary po-
sition paper summarized the anatomical and clinical
risk factors more likely to identify patients who will
probably benefit more from an interventional treat-
ment;61 according to this paper percutaneous PFO clo-
sure is indicated in each patient experiencing a
cryptogenic ischemic recurrent event while on antico-
agulant or antiplatelet therapy but can also be offered,
as an alternative to lifelong medical therapy, to pa-
tients with one or more clinical and anatomical risk
factors. Anyway, as far as we do not have any defini-
tive evidence about this issue, the final decision should
be taken on a case by case base, preferably by a mul-
tidisciplinary team (the heart-brain team). Finally,
thoroughly informing each patient about potential ad-
vantages, disadvantages and uncertainties regarding
each kind of therapy is of paramount relevance in the
decision-making process.

Conclusions

A PFO is not a congenital heart disease but rather
a normal variant roughly detectable in one quarter of
the general population. Occasionally finding a PFO
in an asymptomatic individual has no clinical rele-
vance and should not prompt neither any further in-
vestigation nor any kind of treatment. The most
burdensome situation we have to cope with in clini-
cal practice is cryptogenic stroke or TIA in patients
with a right to left shunt through a PFO. Unfortu-
nately, in the vast majority of patients, no definitive
causal-effect relationship between the PFO and the
cerebrovascular event can be established. Conse-
quently, closing the hole is not necessarily the best
solution all the time. As a matter of fact, no definitive
evidence is actually available about the best treat-
ment for secondary prevention of recurrences. Tran-
scatheter closure of the PFO is currently a valid
option but, waiting for more solid data about its effi-
cacy and safety as compared to medical therapy, it
should be offered only to carefully selected patients
more likely to have a causal PFO.
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