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Patent foramen ovale is a congenital cardiac lesion that
persists into adulthood and which is present in over 25%
of the adult population. Its diagnosis, evaluation and
treatment have attracted increasing interest as it has
been suggested that it may be associated with various
pathologic conditions, such as cryptogenic stroke,
platypnea-orthodeoxia syndrome, decompression
sickness, and migraine. However, data on these
associations are contradictory. Similarly, the optimum
treatment of patients with patent foramen ovale is still
debated. This article contains a review of the anatomy,
embryology and epidemiology of the condition, its
association with other clinical disorders, and current
therapeutic options.
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Foramen oval permeable: situación actual

El foramen oval permeable es una lesión cardiaca con-
génita presente en el 25% de la población adulta. Su
diagnóstico, evaluación y tratamiento han despertado un
creciente interés desde que se propuso que esta entidad
tiene relación con diversas patologías como el infarto ce-
rebral criptogénico, el síndrome platipnea-ortodesoxia, el
síndrome de descompresión o las migrañas. Sin embar-
go, hay datos contradictorios sobre estas asociaciones.
De la misma forma, el tratamiento de elección en los pa-
cientes con foramen oval permeable es un tema que per-
manece en discusión. Este artículo aborda una revisión
sobre la anatomía, la embriología, la epidemiología, las
asociaciones clínicas y las opciones terapéuticas de esta
entidad.

Palabras clave: Foramen oval permeable. Tratamiento.
Infarto criptogénico. Migrañas.

In the present article, we offer a practical, concise
review of this entity, including epidemiologic, anatomic,
clinical and therapeutic aspects.

EPIDEMIOLOGY 

A review of the available, autopsy-derived data reveals
an estimated ±25% prevalence of PFO in the adult
population.1,6,7 Prevalence falls with age and is 20% in
patients over 80 years.1 No significant differences have
been found in prevalence between men and women.1

Patent foramen ovale size ranges from 1 to 19 mm
(mean, 4.9 mm) and increases with age. In the first decade
of life, mean diameter is 3.4 mm, reaching 5.8 mm in
patients aged >90.1 

EMBRYOLOGY 

Foramen ovale is an interatrial communication that is
needed during the life of the fetus as it facilitates the
passage of oxygenated blood from the placenta to the
fetal circulatory system (Figure 1).

Immediately after birth, pressure in the right side of
the heart and pulmonary vascular resistance diminish
abruptly as the pulmonary alveoli fill. This, together

INTRODUCTION 

Persistent patent foramen ovale (PFO) is common in
adults and a 25% prevalence in the general population
has been reported.1 The presence of PFO is usually
discovered by chance and has no clinical repercussions.
However, the possible association of PFO with clinical
signs and symptoms of embolic stroke,2 platypnea-
orthodeoxia syndrome,3 decompression sickness in
divers,4 or migraine5 has been reported. Optimal treatment
of PFO remains undefined and many studies publish
contradictory results. 

Because of the controversy regarding the clinical
significance of PFOs, the high prevalence of these lesions,
and the variety therapeutic options available, increased
attention has been directed towards this condition in the
last years.
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with greater pressure in the left atrium due to increased
venous return, produces functional closure of the
foramen ovale. During the first 2 years of life, the 2
sides fuse together and, consequently, the fossa ovalis
is covered by the membrane tissue of the septum primum
only.

When this closure does not occur, the foramen ovale
remains permeable into adulthood (Figure 2). This can
produce right-to-left shunting during the crossover of
pressure that occurs in the respiratory cycle, fundamentally
at end-diastole or in situations when right atrial pressure
increases (coughing, Valsalva maneuver). 

Figure 1. Embryologic formation of
foramen ovale. A: septum primum
begins to grow from the mid-portion
of the common atrium roof towards
the endocardial cushions and the
ostium primum (OP) remains between
them. B: septum primum fusion with
endocardial cushions. C: a second wall
begins to form, septum secundum, to
the right of the septum primum; a
second orifice, ostium secundum
(OS), forms in the upper portion of
the septum primum; the septum
secundum finally covers the OS. D:
lateral view of the interatrial wall with
foramen ovale. E: frontal view of the
interatrial wall. 

Figure 2. Photograph showing PFO
by way of the passage of a metal probe;
it also shows adjacent structures. LA
indicates free wall of the left atrium;
PFO, patent foramen ovale; IAS,
interatrial septum; SP, septum
primum; SS, septum secundum. 
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ANATOMIC ASSOCIATIONS

Patent foramen ovale is associated with other cardiac
disorders. 

Atrial Septal Aneurysm (ASA)

Interatrial septal aneurysm is considered to occur when
part or all the interatrial septum presents dilatation
protruding into the right or left atrium during the
respiratory cycle. Although different definitions exist, it
is generally considered that minimum ASA mid-lateral
displacement is >15 mm.8 Prevalence in the general
population is 1% in autopsy studies,9 0.22%-1.9% 
in transthoracic echocardiography,10 2.2%-4% in
transesophageal echocardiography,11,12 and 4.9% in
patients undergoing cardiac surgery.13 It is reported that
33% of patients with ASA also present PFO.14 Moreover,
PFO size is usually greater in patients with ASA.15

Chiari Networks

A Chiari network is an embryologic remnant of the
right venous sinus valve, present in 2%-3% of the
population.16 In echocardiography, it appears as a linear,
hypermobile, refractile image following the line of the
atrial roof or interatrial septum. In adults, a Chiari network
maintains flow from the vena cava to the interatrial septum.
Therefore, Schneider et al17 suggest it could favor PFO
and ASA; 83% of patients with a Chiari network also
present PFO and 24% present ASA.17 Moreover, frequency
is greater in patients with cryptogenic stroke than in those
undergoing echocardiography for other causes (4.6% vs
0.5%), indicating it could facilitate paradoxical
embolism.17

Other Associations 

Patent foramen ovale can appear in association with
interatrial septal defects (ASD). Khositseth et al18 found
10% of patients referred for PFO closure also presented
IWD. 

In some series, ≤80% of patients with Ebstein anomaly
present PFO. This association may be due to right atrial
distension caused by tricuspid insufficiency.19

Other situations in which right atrial pressure increases,
such as mitral stenosis, mitral insufficiency, persistent
ductus arteriosus, pulmonary hypertension, right
ventricular insufficiency, or pulmonary embolism, may
facilitate foramen ovale dilatation and cause right-to-left
shunting. 

DETECTION 

We recommend ruling out the possibility of PFO in
patients with stroke of unknown origin.

Echocardiographic techniques such as transthoracic
echocardiography (TTE), transesophageal echocardiography
(TEE), or transcranial echocardiography (TCE) have
been used to detect PFO. Although second harmonic
imaging has increased TTE sensitivity,20,21 TEE remains
the standard technique. The most recent studies comparing
echocardiographic techniques are summarized in 
Table 1.21-27

Transthoracic Echocardiography 

As color Doppler detects only 5%-10% of interatrial
shunts,28 patients referred to the echocardiography
laboratory with suspected PFO should undergo a contrast
study. Although different types of contrast material exist,
the most widely-used technique continues to be the
injection of agitated saline solution microbubbles. This
should be performed both at rest and with maneuvers
that increase right atrial pressure (Valsalva, coughing),
as this improves diagnostic sensitivity.21,29 The apical 
4-chamber plane is usually the most appropriate for this
type of study. The presence of a single microbubble in
the atrium and left ventricle in the first three beats after
right cavity opacification is considered diagnostic of
PFO.30 In most patients, the appearance of microbubbles
following the third beat corresponds to intrapulmonary
shunting.

TABLE 1. Summary of Studies of Diagnostic Sensitivity and Specificity of Transthoracic Echocardiography

(TTE), Transcranial Contrast Echocardiography (TCE), Using Transesophageal Echocardiography (TEE) 

as the Standard Reference Technique

Author Year Patients, No. Technique Sensitivity, % Specificity, %

Di Tullio22 1993 49 TCE 68 100

Devuyst23 1997 37 TCE 100 100

Belkin24 1994 43 TTE 50 92

Ha21 2001 136 TTEa 63 100

van Camp25 2000 109 TTEa 100 100

Daniels26 2004 256 TTEa 91 97

Madala27 2004 71 TTEa 100 82

aSecond harmonic.



The number of microbubbles crossing the PFO
enables us to quantify shunting. However, authors
disagree about how to classify degrees of severity as
methods vary significantly because of differences in
the number of microbubbles injected, injection velocity,
the route chosen, or the quality of the Valsalva
maneuver.31 Instead of counting microbubbles, some
echocardiography laboratories classify severity as
complete left chamber opacification, almost complete
opacification or slight opacification. Notwithstanding,
it is considered that the greater the number of bubbles
or degree of opacification, the greater the probability
of paradoxical embolism.32

As well as PFO detection, TTE facilitates ruling out
ASA and, when PFO is detected by color Doppler, helps
determine the direction of shunting and determine the
presence of one or more fenestrations.

The principal limitation of TTE is its relatively poor
sensitivity by comparison with TEE (Table 1).21-27

Moreover, TTE definition in detailed studies of  interatrial
septal anatomy is inferior to that of TEE or intracardiac
echography, arguing against its use as a complementary
technique during percutaneous PFO closure. 

Transesophageal Echocardiography

Contrast TEE and color Doppler should be considered
if the transthoracic study is negative or dubious but strong
clinical suspicion of PFO remains. Transesophageal
echocardiography permits detailed study of the interatrial
septum as it visualizes the lack of septum primum
coaptation over the fossa ovale (Figure 3). Schuchlenz
et al32 showed that PFO size, measured by balloon inflation
during the closure procedure, correlates well with the
septum primum-septum secundum distance measured
by TEE.

The main limitation of TEE is the general use of
sedation or anesthesia while it is performed, making
Valsalva maneuvers difficult. Sometimes, pressure on
the abdomen can increase the pressure in the right
chambers but its diagnostic sensitivity is less than with
other maneuvers.

Before interventions, TEE facilitates ruling out other
possible causes of cardiac emboli, locating and checking
the number of defects, and determining whether other
concomitant lesions exist. During the intervention, TEE
provides direct monitoring guidance in deploying the
device to ensure it is correctly positioned and avoid
complications or interference with other structures. It
also facilitates measuring tunnel size and characterizing
tunnel shape. These data are important because in very
long or very tortuous tunnels some authors argue against
crossing the PFO and suggest using transeptal puncture
as an alternative means of achieving adequate device
deployment.33 Finally, during the intervention, TEE is
extremely useful to determine the size of the device to
be implanted (Figure 3).
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Other Techniques 

Transcranial Doppler (TCD) echocardiography.
This technique has high sensitivity in detecting PFO22;
it registers microbubbles passing into cerebral circulation
after they are injected into the venous system. It is
recommended that the mid-cerebral artery be used, that
the injection be given at rest and accompanied by the
Valsalva maneuver if necessary. A classification system
based on the number of bubbles detected in the first 40
s after injection is recommended: 0 microbubbles (negative
result), 1-10 microbubbles, >10 microbubbles without
opacification and complete opacification.34 The principal
limitations of TCD are that it only indicates the existence
of right-to-left shunting, does not distinguish between
intracardiac and other extracardiac shunting, and provides
no anatomic information about PFO at all.34

Cardiac magnetic resonance (MR). Few comparative
studies of MR and TEE have been made. Nusser et al35

compared 211 studies with MR and TEE and concluded
that MR is inferior to TEE in the detection of right-to-
left shunting and in identifying ASA.

Three-dimensional echocardiography (3D Echo).
This technique has demonstrated its usefulness in
determining interatrial defect size and shape. However,
in PFO its value is minimal because defects are smaller
and dynamic, and 3D Echo resolution does not register
them.36

Intracardiac echography (ICE). The usefulness and
safety of ICE in percutaneous PFO closure has been
described elsewhere.37 This technique differs from TTE
in that general anesthesia is not required; ICE enables
us to adequately characterize PFO, tunnel, septum and
shunting; it is extremely useful in percutaneous closure
device deployment. Limitations include the cost of the
probe, the use of ≤9 Fr venous access, and the need for
an experienced operator.37

CLINICAL SIGNS AND SYMPTOMS

Cryptogenic Stroke

Approximately 40% of ischemic strokes are
cryptogenic, that is, of no apparent cause.38 The
association between PFO and cryptogenic stroke remains
controversial since reported results are contradictory
(Figures 4 and 5).2,39-47 Studies referring this association
suggest different mechanisms are involved: a) paradoxical
embolism, with the passage of thrombus from the
peripheral venous system to left cardiac cavities through
the PFO; b) formation of thrombus in the atrium as a
consequence of PFO-related arrhythmias; c) formation
of thrombus in the foramen ovale canal; and d) PFO-
related hypercoagulability. In the PICCS study (PFO
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and Cryptogenic Stroke Study), Homma et al45 found a
greater size of the defect and greater degree of shunting
presented a grater risk of cryptogenic infarction. Other
risk factors may include spontaneous shunting at rest,
without Valsalva maneuvers,48,49 >5 mm separation
between septum primum and septum secundum,24,50 or
presence of ASA.41

In the meta-analysis conducted by Overell et al,51

patients aged <55 with PFO presented a greater risk of
ischemic events and recurrence than patients >55 years
(odds ratio [OR]=6; 95% confidence interval [CI], 3.7-
9.6 vs OR=2.26; 95% CI, 0.9-5.3). Moreover, the
subgroup of younger patients with ASA and PFO
presented a high risk of ischemic events (OR=15.5; 95%
CI, 2.8-85.8) by comparison with those presenting only
PFO or only ASA. However, a recently published study
shows a relation between PFO and cryptogenic infarction
in both younger (<55 years) and older (>55 years)
populations.41 Moreover, it again confirms that in both
groups this association was greater than in patients
presenting ASA.41

Migraine 

In recent years, migraine has been indicated to be a
factor independent of ischemic stroke, fundamentally
in women aged <45, presenting migraine with aura.52,53

In fact, prevalence of subclinical lesions in the

cerebellum in these patients is 15-fold greater than in
control groups.54 Some hypotheses indicate this type of
migraine is caused by the passage of small venous
emboli through the PFO. Anzola et al5 found 48%
prevalence of PFO in patients with migraine with aura,
23% prevalence in patients with headache without aura
and 20% prevalence in control group patients.
Wilmshurst et al55 found migraine with aura was more
frequent in patients with larger PFO with spontaneous
shunting at rest. All these findings have led to PFO
closure being proposed as the treatment for this type of
migraine in selected patients.

Platypnea-Orthodeoxia Syndrome

Platypnea-orthodeoxia syndrome (POS) is characterized
by dyspnea and hypoxemia on assuming an upright
posture that improve in decubitus and supine positions.
The syndrome can be caused by right-to-left cardiac or
pulmonary shunting, though in each case the mechanisms
differ. In intracardiac shunting through a PFO, postural
hypoxemia seems a consequence of redirecting flow in
the inferior vena cava towards the interatrial septum due
to the distortion of anatomic relations. Diagnosis of PFO
with POS should be by tilt-test, measuring arterial
saturation in different positions, and contrast
echocardiography, which should show intracardiac
shunting.56

Figura 3. Transesophageal echocardiography
during percutaneous patent foramen ovale
(PFO) closure procedure using an
Amplatzer device (AGA Medical
Corporation, Plymouth, Minnesota, USA).
A: the existence of PFO (arrow) is
demonstrated. B: passage of the guide
through the PFO with deployment of the
disc (arrow), which will be implanted in
the left atrium. C: deployment of the second
disc (arrow) in the right atrium. D: contrast
study showing absence of residual
shunting. RA indicates right atrium; LA,
left atrium; Ao, aortic valve; SVC, superior
vena cava.
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Other

Decompression syndrome. The association between
PFO and decompression syndrome in divers has been
shown.4 It is more frequent in those with shunting at rest,
ASA and larger PFO.4

Systemic embolism. Cases of acute myocardial
infarction57,58 and renal infarction59 associated with PFO
have been reported.

TREATMENT 

Migraine 

The available data are insufficient for us to recommend
percutaneous or surgical PFO closure in these patients. 

Several nonrandomized studies have described improved
symptoms in patients with migraine after PFO closure.60

In our study, we found ≤76% of patients with migraine
experience a significant reduction in frequency or intensity
of episodes.61 However, at the time of writing, only 1
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randomized study in patients with migraine resistant to
medical treatment has been completed (MIST [Migraine
Intervention with STARflex Technology]). Definitive results
are not yet published and preliminary results indicate no
differences in the primary objective (elimination of
headache) with differences favoring PFO closure in the
secondary objective (50% reduction in days with
headache).62 Publication of the definitive MIST results,
together with those of other randomized studies currently
under way (PREMIUM, ESCAPE, MIST II), will enable
us to define the role of PFO closure in patients with
migraine.60

Platypnea-Orthodeoxia Syndrome

The definitive treatment for this syndrome is PFO
closure.3,56

Closure of PFO in patients with POS can be surgical
or percutaneous. Currently, percutaneous closure could
be considered the treatment of choice, with an initial
success rate of nearly 100% and low incidence of
complications.63-65 In our study, percutaneous closure
resolved symptoms in all patients and achieved a
statistically significant increase in oxygen saturation
(82.6% vs 96.1%; P<.001).63

Cryptogenic Stroke 

No primary prevention measure is recommended for
cryptogenic infarction in patients with PFO. Therapeutic
options available for secondary prevention include medical
treatment (antiplatelet drugs and anticoagulants) and
percutaneous or surgical closure. To date, no randomized
study has compared medical treatment with percutaneous
or surgical closure. Available data comparing antiplatelet
drug and anticoagulant treatment are limited.
Consequently, no therapy has yet been evaluated
definitively and choice of treatment should be on an
individual basis, assessing the risks and benefits for each
patient. 

Medical Treatment 

Although medical treatment reduces rate of recurrence,
≤5% of patients present a second event (death, stroke,
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transient ischemic events) in the first year, despite medical
treatment7 (Table 2). Data on the comparative superiority
of antiplatelet drug treatment over anticoagulant treatment
are contradictory.

In the WARSS study (Warfarin-Aspirin Recurrence
Stroke Study), 2206 patients with stroke (with or
without PFO) were randomized to aspirin (325 mg/day)
or warfarin (target, INR 1.4-2.8). At 2 year follow-up,
rates of recurrence, death or hemorrhage did not differ.66

Similarly, Lausana67 prospectively followed 140 patients
with PFO and cryptogenic stroke treated with aspirin
(250 mg/day), warfarin (objective, INR=3.5) or surgical
closure at the physician´s choice. With a mean 3-year
follow-up, rates of recurrent infarction or death did not
differ between treatments.

The only published, randomized study comparing
aspirin and warfarin in patients with PFO and
cryptogenic infarction is PICCS, a subanalysis of
WARSS. In PICCS, patients with PFO and cryptogenic
infarction were selected and randomized to aspirin (325
mg/day) or warfarin (objective, INR 1.4-2.8). No
differences were found in the rate of infarction recurrence
in a 2-year follow-up; however, patients treated with
warfarin presented a higher rate of minor hemorrhages.45

When evaluating PICCS results, it is important to
remember it is a subanalysis of WARSS and was not
designed to determine the superiority of one treatment
over the other.

On the other hand, some studies suggest a grater
benefit in patients treated with warfarin. In a
retrospective study of patients with cerebral ischemia
and PFO, Cujec et al68 showed patients receiving aspirin
or without treatment had a 3-fold greater rate of
recurrence than patients receiving warfarin. Mas et al44

enrolled 581 patients with cryptogenic ischemic
infarction treated with aspirin (300 mg/day) and in a
4-year follow-up found no differences in rate of
recurrence in patients with PFO versus patients without
PFO (2.3% vs 4.2%).

Therefore, evidence is insufficient to determine which
treatment is superior. However, available data have led
the AHA/American Stroke Association69 and the American
College of Chest Physicians70 to recommend antiplatelet
drug treatment (aspirin 50-325 mg; aspirin 25
mg+dipiridamol 200 mg; clopidogrel 75 mg) as first

TABLE 2. Summary of Results of Different Alternative Therapies (Medical Treatment, Percutaneous Closure,

Surgical Closure) in Patients With Patent Foramen Ovale and Cryptogenic Infarction

Follow-up (Months), Mean Stroke TIE Death Combined

Medical treatment 33 1.98 (1.48-2.6) 2.24 (1.71-2.89) 0.94 (0.53-1.55) 4.86 (3.78-5.94)

Percutaneous closure 18 0.19 (0.05-0.49) 1.52 (1.04-2.15) 0.66 (0.18-1.69) 2.95 (1.75-4.66)

Surgical closure 22 0.34 (0.01-1.89) 3.71 (1.8-6.64) 0.85 (0.1-3.07) 5.55 (2.96-9.49)

TIE indicates transient ischemic event
Results shown as annual events per 100 patients (95% confidence interval). Modified from Homma et al.7



choice and reserve anticoagulant treatment for patients
with deep venous thrombosis or hypercoagulability.
However, American Academy of Neurology guidelines71

consider evidence is insufficient to choose between aspirin
and warfarin and several authors still consider warfarin
the treatment of choice.72

Based on AHA/American Stroke Association69 and
American College of Chest Physicians guidelines
recommendations70 and on data from the only
randomized study available,45 we consider the medical
treatment of choice in patients with PFO and
cryptogenic infarction is aspirin, except in patients
with deep venous thrombosis or hypercoagulability,
for whom we recommend anticoagulant treatment
(Figure 6).

Percutaneous Treatment 

Many studies describe the safety and efficacy of
percutaneous PFO closure. With an 86%-100% success
rate,73,74 the frequency of recurrent stroke is 0%-3.8%
(Table 2), which in most cases reflects incomplete
closure or thrombus formation in the device.75 Our
results show a 0.9% annual risk of recurrent stroke,
and 96% and 90% rates of recurrence- or
reintervention-free survival at 1- and 5-year follow-
up, respectively.73

These results have been reproduced in patients with
PFO and ASA.76 Wah et al77 showed no differences in
efficacy, complication rate, elimination of shunting or
rate of long-term events in patients with percutaneous
closure of PFO or PFO and ASA.

Complications with this procedure are infrequent. One
review including 1355 patients showed <1.5% presented
major complications (tamponade, death, major
hemorrhage, pulmonary embolism, or need for surgery),
and the rate of minor complications was 7.9% (arrhythmia,
fracture or device embolization, air embolism, femoral
hematoma, or fistula).78

Many devices have been used for percutaneous PFO
closure: Amplatzer (AGA Medical Corporation,
Plymouth, Minnesota, USA) and Cardioseal (NMT
Medical Inc., Boston, Massachusetts, USA) (Table 3 and
Figure 7) are the most frequently used. In general,
published data indicate both devices prevent recurrence
efficiently.79-81

However, it has been suggested risk of complication
could depend on the device used.82 In a study of 1000
consecutive patients with percutaneous PFO closure, 9
different devices were used. Formation of thrombus in
the device was most frequent in patients with Cardioseal.83

Similarly, Anzai et al82 describe 22% frequency of
thrombus in patients receiving Cardioseal versus 0% in
those receiving Amplatzer devices. However, in most
patients, detection of thrombus had no clinical
implications and the thrombus responded to medical
treatment.84

All patients treated with percutaneous devices were
recommended 3-6 months of antiplatelet drug treatment
(aspirin with or without clopidogrel) following the
procedure. In some institutions, this was combined with
anticoagulant treatment,84 especially in patients with
hypercoagulability. American Heart Association
guidelines recommend endocarditis prophylaxis for 6
months after the procedure.85

Most protocols include echocardiography at 1-, 6-
and 12-month follow-up. In >95% of patients, closure
is complete at 6 months. Persistent shunting that is at
least moderate, increases the relative risk of a new
ischemic event (RR, 3.4-4.2).75,86 The most appropriate
management of these patients with residual shunting
is undefined but the possible use of a second
percutaneous device to achieve complete closure has
been described.87

Medical Treatment Versus Percutaneous
Closure 

At present, no randomized studies exist that compare
medical with percutaneous treatment, although studies
like RESPECT and CLOSURE I are currently recruiting.

As mentioned above, medical treatment reduces rate
of recurrence but 4.22% (95% CI, 3.43-5.01) of patients
present a second event (stroke or transient ischemic
event) in the first year despite medical treatment.7 In
patients treated with percutaneous closure this rate falls
to 1.62% (95% CI, 1.13-2.24) (Table 2).7 These
differences in rate of recurrence suggest percutaneous
treatment could be the treatment of choice. However,
the American Academy of Neurology considers evidence
is insufficient for them to take a position on the efficacy
of percutaneous or surgical closure, and AHA/American
Stroke Association guidelines consider data are
insufficient to recommend PFO closure in patients with
a first episode but recommend considering closure in
patients who, although receiving medical treatment,
present a second episode (class IIb, evidence C).69 Various
medical societies have called on the general and medical
populations to enroll patients in randomized studies to
obtain definitive data.88

In the absence of results from randomized studies,
in patients with cryptogenic infarction and PFO,
percutaneous closure could be considered the treatment
of choice for those receiving medical treatment who
experience recurrent infarction, are contraindicated
for medical treatment and, for some authors, present
PFO with high anatomic risk (ASA or hypermobile
septum, long tunnel, right-to-left spontaneous
shunting)89 (Figure 6).

Other Percutaneous Options 

Recently, the use of radio-frequency for
percutaneous PFO closure has been described for the
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Figure 6. Management schema for patients with patent foramen ovale. *Some authors consider high anatomic risk PFO (ASA, long tunnel, spontaneous
right-to-left shunting) is an indication for closure
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first time. Initially, this included 30 patients and in
27 of them the application of radio-frequency was
achieved without significant complications. In a 6-
month follow-up, complete closure had been achieved
in 43% of patients. The authors conclude this is a safe
technique requiring new studies to confirm its
usefulness.90

Other therapeutic options are under development
These include HeartStitch PFO I (Sutura Inc, Fountain
Valley, California, USA), based on an automatic suture
system, or BioTREK (NMT Medical, Boston,
Massachusetts, USA), which uses a totally bioabsorbable
device.91

Surgical Treatment

With the introduction of percutaneous closure, surgical
closure has become limited to selected cases. Results
obtained with percutaneous devices are similar to those
obtained with surgery92; in fact, a greater rate of
recurrence in patients undergoing surgical closure has

Figure 7. Radioscopic image showing a percutaneous Amplatzer device
(AGA Medical Corp, Plymouth, Minnesota, USA) closing patent foramen
ovale guided by intracardiac echography.

TABLE 3. Percutaneous Devices Most Frequently Used for Percutaneous Closure of Patent Foramen Ovale

Design Advantages Disadvantages Photograph

Helex Nitinol guide with Flexible, low profile, small Designed for IWD closure.

PTFE sheath surface. Easily withdrawn Little used in PFO

(even following deployment) closure. Embolization. 

More residual shunting

Amplatzer Self-centering double disc Easily withdrawn. Late erosion.

Frequently used. Allergy to nickel

Easy to use

Premere Double anchor Designed specifically Little experience

for PFO closure. Flexible, 

low profile, small surface. 

Adjustable to tunnel size

CardioSEAL Double umbrella, Frequently used. Flexible Not self-centering.a

not self-centeringa Difficult to assemble.a

Difficult to withdraw. 

Formation of thrombus

ISD indicates interatrial septal defect; PFO, patent foramen ovale.
aThe new (STARFlex) generation is self-centering and supplied fully assembled.
Amplatzer (AGA Medical Corporation, Plymouth, Minnesota, USA); Cardioseal/STARFlex (NMT Medical Inc, Boston, Massachusetts, USA); Premere (St. Jude Medical
Inc, St Paul, Minnesota, USA); Helex (WL Gore & Associates Inc, Flagstaff, Arizona, USA).



been described (4.05%; 95% CI, 2.09-7.07) (Table 2).7

The frequency of complications in surgical closure is
greater than in percutaneous closure. Published series92,93

describe a 0%-3.5% rate of postoperative stroke, with
1.5% mortality.94

Other surgical alternatives with results inferior to
percutaneous treatment include minimally invasive
surgery95 or endoscopic closure.96

Accidental Finding During Cardiac Surgery 

The generalized use of TEE during heart surgery
procedures has meant finding PFO by chance has
become frequent. Data are insufficient to establish
management guidelines in this situation.97 However,
it is considered that PFO should be closed during the
intervention if shunting is highly likely to occur
following surgery (ventricular assist device implants,
heart transplantation) and this should be borne in
mind in patients requiring atriotomy during surgery
(mitral valve replacement, tricuspid valve
interventions). 

CONCLUSIONS 

Patent foramen ovale in adults is a frequent finding that,
in most patients, presents no clinical implication. However,
although data are contradictory, it has been suggested it
can be involved as a related or causal factor in embolic
stroke, POS or migraine. The treatment of PFO, especially
in patients with cryptogenic infarction, is not defined.
While we await the results of randomized studies under
way at the time of writing, available scientific evidence
cannot confirm the superiority of percutaneous/surgical
closure over medical treatment (antiplatelet
drug/anticoagulant treatment), although some indirect data
do support this. 

In conclusion, the great prevalence, onclear clinical
significance and different therapeutic options
available determine the current importance of this
entity and will ensure its clinical relevance in the
coming years. 

ACKNOWLEDGEMENTS

Dr Cruz-González would like to thank the Sociedad Espa-
ñola de Cardiología (Spanish Society of Cardiology) for its
contribution (The SEC 2007 grant for post-residency rese-
arch training at overseas centers) and Medtronic Iberia SL
for financing his stay at the Massachusetts General Hospital,
Harvard Medical School, Boston. Dr Jorge Solis would like
to thank the Sociedad Española de Cardiología (The SEC
2007 grant for post-residency research training at overseas
centers) for financing his stay at the Massachusetts General
Hospital, Harvard Medical School, Boston. 

The authors wish to express their gratitude to Daniel Jimé-
nez who collaborated in preparing the figures and to Dr S.
Houser who helped collect the photographs. 

748 Rev Esp Cardiol. 2008;61(7):738-51

Cruz-González I et al. Patent Foramen Ovale: Current State of the Art 

REFERENCES 

1. Hagen PT, Scholz DG, Edwards WD. Incidence and size of patent

foramen ovale during the first 10 decades of life: an autopsy study of

965 normal hearts. Mayo Clin Proc. 1984;59:17-20.

2. Lechat P, Mas JL, Lascault G, Loron P, Theard M, Klimczac M, et

al. Prevalence of patent foramen ovale in patients with stroke. N

Engl J Med. 1988;318:1148-52.

3. Medina A, de Lezo JS, Caballero E, Ortega JR. Platypnea-orthodeoxia

due to aortic elongation. Circulation. 2001;104:741.

4. Torti SR, Billinger M, Schwerzmann M, Vogel R, Zbinden R,

Windecker S, et al. Risk of decompression illness among 230 divers

in relation to the presence and size of patent foramen ovale. Eur

Heart J. 2004;25:1014-20.

5. Anzola GP, Magoni M, Guindani M, Rozzini L, Dalla Volta G.

Potential source of cerebral embolism in migraine with aura: a

transcranial Doppler study. Neurology. 1999;52:1622-5.

6. Meissner I, Whisnant JP, Khandheria BK, Spittell PC, O’Fallon

WM, Pascoe RD, et al. Prevalence of potential risk factors for stroke

assessed by transesophageal echocardiography and carotid

ultrasonography: the SPARC study. Stroke Prevention: Assessment

of Risk in a Community. Mayo Clin Proc. 1999;74:862-9.

7. Homma S, Sacco RL. Patent foramen ovale and stroke. Circulation.

2005;112:1063-72.

8. Franke A, Hanrath P. The role of atrial septal abnormalities in

cryptogenic stroke —still questionable? Eur Heart J. 2001;22:

198-200.

9. Silver MD DJ. Aneurysms of the septum primum in adults. Arch

Pathol Lab Med. 1978;102:62-5.

10. Olivares-Reyes A, Chan S, Lazar EJ, Bandlamudi K, Narla V, Ong

K. Atrial septal aneurysm: a new classification in two hundred five

adults. J Am Soc Echocardiogr. 1997;10:644-56.

11. Agmon Y, Khandheria BK, Meissner I, Gentile F, Whisnant JP,

Sicks JD, et al. Frequency of atrial septal aneurysms in patients with

cerebral ischemic events. Circulation. 1999;99:1942-4.

12. Pearson AC, Nagelhout D, Castello R, Gomez CR, Labovitz AJ.

Atrial septal aneurysm and stroke: a transesophageal

echocardiographic study. J Am Coll Cardiol. 1991;18:1223-9.

13. Burger AJ, Sherman HB, Charlamb MJ. Low incidence of embolic

strokes with atrial septal aneurysms: A prospective, long-term study.

Am Heart J. 2000;139:149-52.

14. Mugge A, Daniel WG, Angermann C, Spes C, Khandheria BK,

Kronzon I, et al. Atrial septal aneurysm in adult patients. A multicenter

study using transthoracic and transesophageal echocardiography.

Circulation. 1995;91:2785-92.

15. Fox ER, Picard MH, Chow CM, Levine RA, Schwamm L, Kerr AJ.

Interatrial septal mobility predicts larger shunts across patent foramen

ovales: an analysis with transmitral Doppler scanning. Am Heart J.

2003;145:730-6.

16. Werner JA, Cheitlin MD, Gross BW, Speck SM, Ivey TD.

Echocardiographic appearance of the Chiari network: differentiation

from right-heart pathology. Circulation. 1981;63:1104-9.

17. Schneider B, Hofmann T, Justen MH, Meinertz T. Chiari’s network:

normal anatomic variant or risk factor for arterial embolic events?

J Am Coll Cardiol. 1995;26:203-10.

18. Khositseth A, Cabalka AK, Sweeney JP, Fortuin FD, Reeder GS,

Connolly HM, et al. Transcatheter Amplatzer device closure of atrial

septal defect and patent foramen ovale in patients with presumed

paradoxical embolism. Mayo Clin Proc. 2004;79:35-41.

19. Attenhofer Jost CH, O’Leary PW, Warnes CA, Tajik AJ, Seward

JB. Left heart lesions in patients with Ebstein anomaly. Mayo Clin

Proc. 2005;80:361-8.

20. Kuhl HP, Hoffmann R, Merx MW, Franke A, Klotzsch C, Lepper

W, et al. Transthoracic echocardiography using second harmonic

imaging: diagnostic alternative to transesophageal echocardiography

for the detection of atrial right to left shunt in patients with cerebral

embolic events. J Am Coll Cardiol. 1999;34:1823-30.



21. Ha JW, Shin MS, Kang S, Pyun WB, Jang KJ, Byun KH, et al.

Enhanced detection of right-to-left shunt through patent foramen

ovale by transthoracic contrast echocardiography using harmonic

imaging. Am J Cardiol. 2001;87:669-71.

22. Di Tullio M, Sacco RL, Massaro A, Venketasubramanian N, Sherman

D, Hoffmann M, et al. Transcranial Doppler with contrast injection

for the detection of patent foramen ovale in stroke patients. Int J

Card Imaging. 1993;9:1-5.

23. Devuyst G, Despland PA, Bogousslavsky J, Jeanrenaud X.

Complementarity of contrast transcranial Doppler and contrast

transesophageal echocardiography for the detection of patent foramen

ovale in stroke patients. Eur Neurol. 1997;38:21-5.

24. Belkin RN, Pollack BD, Ruggiero ML, Alas LL, Tatini U.

Comparison of transesophageal and transthoracic echocardiography

with contrast and color flow Doppler in the detection of patent

foramen ovale. Am Heart J. 1994;128:520-5.

25. van Camp G, Franken P, Melis P, Cosyns B, Schoors D, Vanoverschelde

JL. Comparison of transthoracic echocardiography with second harmonic

imaging with transesophageal echocardiography in the detection of

right to left shunts. Am J Cardiol. 2000;86:1284-7.

26. Daniels C, Weytjens C, Cosyns B, Schoors D, de Sutter J, Paelinck

B, et al. Second harmonic transthoracic echocardiography: the new

reference screening method for the detection of patent foramen ovale.

Eur J Echocardiogr. 2004;5:449-52.

27. Madala D, Zaroff JG, Hourigan L, Foster E. Harmonic imaging

improves sensitivity at the expense of specificity in the detection of

patent foramen ovale. Echocardiography. 2004;21:33-6.

28. Otto CM. Textbook of Clinical Echocardiography. Philadelphia:

WB Saunders; 2004.

29. Kronik G, Slany J, Moesslacher H. Contrast M-mode

echocardiography in diagnosis of atrial septal defect in acyanotic

patients. Circulation. 1979;59:372-8.

30. Homma S, Di Tullio MR, Sacco RL, Mihalatos D, Li Mandri G,

Mohr JP. Characteristics of patent foramen ovale associated with

cryptogenic stroke. A biplane transesophageal echocardiographic

study. Stroke. 1994;25:582-6.

31. Hamann GF, Schatzer-Klotz D, Frohlig G, Strittmatter M, Jost V,

Berg G, et al. Femoral injection of echo contrast medium may

increase the sensitivity of testing for a patent foramen ovale.

Neurology. 1998;50:1423-8.

32. Schuchlenz HW, Weihs W, Horner S, Quehenberger F. The association

between the diameter of a patent foramen ovale and the risk of embolic

cerebrovascular events. Am J Med. 2000;109:456-62.

33. Ruiz CE, Alboliras ET, Pophal SG. The puncture technique: a new

method for transcatheter closure of patent foramen ovale. Catheter

Cardiovasc Interv. 2001;53:369-72.

34. Jauss M, Zanette E. Detection of right-to-left shunt with ultrasound

contrast agent and transcranial Doppler sonography. Cerebrovasc

Dis. 2000;10:490-6.

35. Nusser T, Hoher M, Merkle N, Grebe OC, Spiess J, Kestler HA, et

al. Cardiac magnetic resonance imaging and transesophageal

echocardiography in patients with transcatheter closure of patent

foramen ovale. J Am Coll Cardiol. 2006;48:322-9.

36. Mehmood F, Vengala S, Nanda NC, Dod HS, Sinha A, Miller AP,

et al. Usefulness of live three-dimensional transthoracic

echocardiography in the characterization of atrial septal defects in

adults. Echocardiography. 2004;21:707-13.

37. Ponnuthurai FA, van Gaal WJ, Burchell A, Mitchell AR, Wilson

N, Ormerod OJ. Safety and feasibility of day case patent foramen

ovale (PFO) closure facilitated by intracardiac echocardiography.

Int J Cardiol 2007 Nov 23 [Epub ahead of print].

38. Sacco RL, Ellenberg JH, Mohr JP, Tatemichi TK, Hier DB, Price

TR, et al. Infarcts of undetermined cause: the NINCDS Stroke Data

Bank. Ann Neurol. 1989;25:382-90.

39. Di Tullio M, Sacco RL, Gopal A, Mohr JP, Homma S. Patent foramen

ovale as a risk factor for cryptogenic stroke. Ann Intern Med.

1992;117:461-5.

40. Steiner MM, Di Tullio MR, Rundek T, Gan R, Chen X, Liguori C,

et al. Patent foramen ovale size and embolic brain imaging findings

among patients with ischemic stroke. Stroke. 1998;29:944-8.

41. Handke M, Harloff A, Olschewski M, Hetzel A, Geibel A. Patent

foramen ovale and cryptogenic stroke in older patients. N Engl J

Med. 2007;357:2262-8.

42. Hausmann D, Mugge A, Becht I, Daniel WG. Diagnosis of patent

foramen ovale by transesophageal echocardiography and association

with cerebral and peripheral embolic events. Am J Cardiol.

1992;70:668-72.

43. Jones EF, Calafiore P, Donnan GA, Tonkin AM. Evidence that

patent foramen ovale is not a risk factor for cerebral ischemia in the

elderly. Am J Cardiol. 1994;74:596-9.

44. Mas JL, Arquizan C, Lamy C, Zuber M, Cabanes L, Derumeaux G,

et al. Recurrent cerebrovascular events associated with patent foramen

ovale, atrial septal aneurysm, or both. N Engl J Med. 2001;345:

1740-6.

45. Homma S, Sacco RL, Di Tullio MR, Sciacca RR, Mohr JP. Effect

of medical treatment in stroke patients with patent foramen ovale:

patent foramen ovale in Cryptogenic Stroke Study. Circulation.

2002;105:2625-31.

46. Meissner I, Khandheria BK, Heit JA, Petty GW, Sheps SG, Schwartz

GL, et al. Patent foramen ovale: innocent or guilty? Evidence from

a prospective population-based study. J Am Coll Cardiol.

2006;47:440-5.

47. di Tullio MR, Sacco RL, Sciacca RR, Jin Z, Homma S. Patent

foramen ovale and the risk of ischemic stroke in a multiethnic

population. J Am Coll Cardiol. 2007;49:797-802.

48. de Castro S, Cartoni D, Fiorelli M, Rasura M, Anzini A, Zanette EM,

et al. Morphological and functional characteristics of patent foramen

ovale and their embolic implications. Stroke. 2000;31:2407-13.

49. Mesa D, Franco M, Suárez de Lezo J, Muñoz J, Rus C, Delgado M,

et al. Prevalencia de foramen oval permeable en pacientes jóvenes

con accidente isquémico cerebral de causa desconocida. Rev Esp

Cardiol. 2003;56:662-8.

50. Hausmann D, Mugge A, Daniel WG. Identification of patent foramen

ovale permitting paradoxic embolism. J Am Coll Cardiol.

1995;26:1030-8.

51. Overell JR, Bone I, Lees KR. Interatrial septal abnormalities and

stroke: a meta-analysis of case-control studies. Neurology. 2000;55:

1172-9.

52. Chang CL, Donaghy M, Poulter N. Migraine and stroke in young

women: case-control study. The World Health Organisation

Collaborative Study of Cardiovascular Disease and Steroid Hormone

Contraception. BMJ. 1999;318:13-8.

53. Carolei A, Marini C, De Matteis G. History of migraine and risk of

cerebral ischaemia in young adults. The Italian National Research

Council Study Group on Stroke in the Young. Lancet. 1996;347:

1503-6.

54. Kruit MC, van Buchem MA, Hofman PA, Bakkers JT, Terwindt

GM, Ferrari MD, et al. Migraine as a risk factor for subclinical brain

lesions. JAMA. 2004;291:427-34.

55. Wilmshurst P, Nightingale S. Relationship between migraine and

cardiac and pulmonary right-to-left shunts. Clin Sci (Lond).

2001;100:215-20.

56. Cheng TO. Transcatheter closure of patent foramen ovale: a definitive

treatment for platypnea-orthodeoxia. Catheter Cardiovasc Interv.

2000;51:120.

57. Diaz Castro O, Bueno H, Nebreda LA. Acute myocardial infarction

caused by paradoxical tumorous embolism as a manifestation of

hepatocarcinoma. Heart. 2004;90:e29.

58. Agostoni P, Gasparini G, Destro G. Acute myocardial infarction

probably caused by paradoxical embolus in a pregnant woman.

Heart. 2004;90:e12.

59. Carey HB, Boltax R, Dickey KW, Finkelstein FO. Bilateral renal

infarction secondary to paradoxical embolism. Am J Kidney Dis.

1999;34:752-5.

Cruz-González I et al. Patent Foramen Ovale: Current State of the Art 

Rev Esp Cardiol. 2008;61(7):738-51 749



60. Schwerzmann M, Nedeltchev K, Meier B. Patent foramen ovale

closure: a new therapy for migraine. Catheter Cardiovasc Interv.

2007;69:277-84.

61. Renfigo-Moreno PPI, Inglessis I, McNamara, Lievens M, Demirjian

ZN, Cruz-Gonzalez I, et al. Catheter closure of patent foramen ovale

improves sympton burden in migraine patients. International Stroke

Conference. New Orleans; 2008.

62. Dowson A WP, Mullen M, Muir K, Nightingale S. A prospective,

multicenter, randomized, double-blind, placebo-controlled trial to

evaluate the efficacy of patent foramen ovale closure with the

STARFlex septal repair implant to prevent refractory migraine

headaches: the MIST trial. 55th Annual American College of

Cardiology Scientific Late-Breaking Clinical Trials Sessions. Atlanta;

2006.

63. Delgado G, Inglessis I, Martin-Herrero F, Yoerger D, Liberthson

R, Buoanno F, et al. Management of platypnea-orthodeoxia syndrome

by transcatheter closure of atrial communication: hemodynamic

characteristics, clinical and echocardiographic outcome. J Invasive

Cardiol. 2004;16:578-82.

64. Guerin P, Lambert V, Godart F, Legendre A, Petit J, Bourlon F, et

al. Transcatheter closure of patent foramen ovale in patients with

platypnea-orthodeoxia: results of a multicentric French registry.

Cardiovasc Intervent Radiol. 2005;28:164-8.

65. Ortega Trujillo JR, Suárez de Lezo Herreros de Tejada J, García

Quintana A, Melián Nuez F, Rodríguez Delgado R, Medina Fernández-

Aceytuno A. Cierre percutáneo de foramen oval permeable en el

síndrome platipnea-ortodesoxia. Rev Esp Cardiol. 2006;59:78-81.

66. Mohr JP, Thompson JL, Lazar RM, Levin B, Sacco RL, Furie KL,

et al. A comparison of warfarin and aspirin for the prevention of

recurrent ischemic stroke. N Engl J Med. 2001;345:1444-51.

67. Bogousslavsky J, Garazi S, Jeanrenaud X, Aebischer N, Van Melle

G. Stroke recurrence in patients with patent foramen ovale: the

Lausanne Study. Lausanne Stroke with Paradoxal Embolism Study

Group. Neurology. 1996;46:1301-5.

68. Cujec B, Mainra R, Johnson DH. Prevention of recurrent cerebral

ischemic events in patients with patent foramen ovale and cryptogenic

strokes or transient ischemic attacks. Can J Cardiol. 1999;15:57-64.

69. Sacco RL, Adams R, Albers G, Alberts MJ, Benavente O, Furie K,

et al. Guidelines for prevention of stroke in patients with ischemic

stroke or transient ischemic attack: a statement for healthcare

professionals from the American Heart Association/American Stroke

Association Council on Stroke: co-sponsored by the Council on

Cardiovascular Radiology and Intervention: the American Academy

of Neurology affirms the value of this guideline. Circulation.

2006;113:e409-49.

70. Albers GW, Amarenco P, Easton JD, Sacco RL, Teal P.

Antithrombotic and thrombolytic therapy for ischemic stroke: the

Seventh ACCP Conference on Antithrombotic and Thrombolytic

Therapy. Chest. 2004;126:S483-512.

71. Messe SR, Silverman IE, Kizer JR, Homma S, Zahn C, Gronseth

G, et al. Practice parameter: recurrent stroke with patent foramen

ovale and atrial septal aneurysm: report of the Quality Standards

Subcommittee of the American Academy of Neurology. Neurology.

2004;62:1042-50.

72. Kizer JR, Devereux RB. Clinical practice. Patent foramen ovale in

young adults with unexplained stroke. N Engl J Med. 2005;353:

2361-72.

73. Martin F, Sanchez PL, Doherty E, Colon-Hernandez PJ, Delgado

G, Inglessis I, et al. Percutaneous transcatheter closure of patent

foramen ovale in patients with paradoxical embolism. Circulation.

2002;106:1121-6.

74. Meier B. Closure of patent foramen ovale: technique, pitfalls,

complications, and follow up. Heart. 2005;91:444-8.

75. Windecker S, Wahl A, Chatterjee T, Garachemani A, Eberli FR,

Seiler C, et al. Percutaneous closure of patent foramen ovale in

patients with paradoxical embolism: long-term risk of recurrent

thromboembolic events. Circulation. 2000;101:893-8.

750 Rev Esp Cardiol. 2008;61(7):738-51

Cruz-González I et al. Patent Foramen Ovale: Current State of the Art 

76. Pan M, Suárez de Lezo J, Medina A, Romero M, Segura J, Mesa

D. Tratamiento percutáneo de los aneurismas del septo interauricular.

Rev Esp Cardiol. 2005;58:222-6.

77. Wahl A, Krumsdorf U, Meier B, Sievert H, Ostermayer S, Billinger

K, et al. Transcatheter treatment of atrial septal aneurysm associated

with patent foramen ovale for prevention of recurrent paradoxical

embolism in high-risk patients. J Am Coll Cardiol. 2005;45:

377-80.

78. Khairy P, O’Donnell CP, Landzberg MJ. Transcatheter closure

versus medical therapy of patent foramen ovale and presumed

paradoxical thromboemboli: a systematic review. Ann Intern Med.

2003;139:753-60.

79. Braun M, Gliech V, Boscheri A, Schoen S, Gahn G, Reichmann H,

et al. Transcatheter closure of patent foramen ovale (PFO) in patients

with paradoxical embolism. Periprocedural safety and mid-term

follow-up results of three different device occluder systems. Eur

Heart J. 2004;25:424-30.

80. Post MC, van Deyk K, Budts W. Percutaneous closure of a patent

foramen ovale: single-centre experience using different types

of devices and mid-term outcome. Acta Cardiol. 2005;60: 515-

9.

81. Slavin L, Tobis JM, Rangarajan K, Dao C, Krivokapich J, Liebeskind

DS. Five-year experience with percutaneous closure of patent foramen

ovale. Am J Cardiol. 2007;99:1316-20.

82. Anzai H, Child J, Natterson B, Krivokapich J, Fishbein MC, Chan

VK, et al. Incidence of thrombus formation on the CardioSEAL and

the Amplatzer interatrial closure devices. Am J Cardiol. 2004;93:

426-31.

83. Krumsdorf U, Ostermayer S, Billinger K, Trepels T, Zadan E, Horvath

K, et al. Incidence and clinical course of thrombus formation on atrial

septal defect and patient foramen ovale closure devices in 1,000 consecutive

patients. J Am Coll Cardiol. 2004;43:302-9.

84. Drighil A, El Mosalami H, Elbadaoui N, Chraibi S, Bennis A. Patent

foramen ovale: a new disease? Int J Cardiol. 2007;122:1-9.

85. Wilson W, Taubert KA, Gewitz M, Lockhart PB, Baddour LM,

Levison M, et al. Prevention of infective endocarditis: guidelines

from the American Heart Association: a guideline from the American

Heart Association Rheumatic Fever, Endocarditis, and Kawasaki

Disease Committee, Council on Cardiovascular Disease in the Young,

and the Council on Clinical Cardiology, Council on Cardiovascular

Surgery and Anesthesia, and the Quality of Care and Outcomes

Research Interdisciplinary Working Group. Circulation. 2007;

116:1736-54.

86. Shishehbor MH, Christofferson RD, Tuzcu EM, Kapadia SR. Long-

term results after PFO closure. Heart. 2008;94:100.

87. Schwerzmann M, Windecker S, Wahl A, Nedeltchev K, Mattle HP,

Seiler C, et al. Implantation of a second closure device in patients

with residual shunt after percutaneous closure of patent foramen

ovale. Catheter Cardiovasc Interv. 2004;63:490-5.

88. Slottow TL, Steinberg DH, Waksman R. Overview of the 2007 Food

and Drug Administration Circulatory System Devices Panel meeting on

patent foramen ovale closure devices. Circulation. 2007;116:677-82.

89. Landzberg MJ, Khairy P. Indications for the closure of patent foramen

ovale. Heart. 2004;90:219-24.

90. Sievert H, Fischer E, Heinisch C, Majunke N, Roemer A, Wunderlich

N. Transcatheter closure of patent foramen ovale without an implant:

initial clinical experience. Circulation. 2007; 116:1701-6.

91. Majunke N, Sievert H. ASD/PFO devices: what is in the pipeline?

J Interv Cardiol. 2007;20:517-23.

92. Dearani JA, Ugurlu BS, Danielson GK, Daly RC, McGregor CG,

Mullany CJ, et al. Surgical patent foramen ovale closure for prevention

of paradoxical embolism-related cerebrovascular ischemic events.

Circulation. 1999;100:II171-5.

93. Devuyst G, Bogousslavsky J, Ruchat P, Jeanrenaud X, Despland

PA, Regli F, et al. Prognosis after stroke followed by surgical closure

of patent foramen ovale: a prospective follow-up study with brain



MRI and simultaneous transesophageal and transcranial Doppler

ultrasound. Neurology. 1996;47:1162-6.

94. Nendaz MR, Sarasin FP, Junod AF, Bogousslavsky J. Preventing

stroke recurrence in patients with patent foramen ovale: antithrombotic

therapy, foramen closure, or therapeutic abstention? A decision

analytic perspective. Am Heart J. 1998;135:532-41.

95. Deeik RK, Thomas RM, Sakiyalak P, Botkin S, Blakeman B, Bakhos

M. Minimal access closure of patent foramen ovale: is it also

recommended for patients with paradoxical emboli? Ann Thorac

Surg. 2002;74:S1326-9.

96. Argenziano M, Oz MC, Kohmoto T, Morgan J, Dimitui J, Mongero

L, et al. Totally endoscopic atrial septal defect repair with robotic

assistance. Circulation. 2003;108 Suppl 1:II191-4.

97. Sukernik MR, Bennett-Guerrero E. The incidental finding of a patent

foramen ovale during cardiac surgery: should it always be repaired?

A core review. Anesth Analg. 2007;105:602-10.

Cruz-González I et al. Patent Foramen Ovale: Current State of the Art 

Rev Esp Cardiol. 2008;61(7):738-51 751


