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T

he development and availability
of special closure devices for the
treatment of patent foramen ovale (PFO) have facilitated an extended discussion on their use, especially in stroke
patients or in those experiencing transient
ischemic deficits. Many studies have reported both advantages and disadvantages
of closure devices compared with medical therapy alone. Of late, the subject has
been further elucidated by new investigations aimed at obtaining clearer insights
into this clinical problem. In the present
review, we address the most salient clinical questions in this context, taking into
account the most prominent and recent
clinical studies and their findings.
Introduction

Ischemic stroke or transient ischemic attacks (TIA) occur often, with an increase
seen in their incidence over the last few
decades. 1 The main underlying reasons
are represented by micro- or macroangiopathy and cardiovascular thromboembolism. However, in a large number of cases,
especially in young patients, the causes remain largely cryptic, with paradoxical embolism being the most likely factor responsible for such clinical findings.2
A PFO as a potential source of embolism can easily be diagnosed by transesophageal echocardiography (TEE),
which indicates a prevalence of up to

20%.3 The rate is even higher in autopsy studies. 4 The likelihood of PFO as
the cause of cerebral embolism is underscored by a frequently coincidental atrial septal aneurysm or an interatrial septum pouch.5,6 Interventional closure and
medical anticoagulant treatment are most
prominent among the therapies that exist in relation to the plausible causes of
stroke. 7,8 If open heart surgery is performed for other reasons, simultaneous
PFO closure should always be considered
when practicable.
Over the past few decades, many
studies have addressed the question as to
whether PFO closure is superior to oral
anticoagulation. However, prospectively
collected (and hence resilient) data were
lacking until quite recently.9,10 The results
of three prospective, randomized, multicenter trials from the United States and
Europe were published in 2012 and 2013.
The studies examined whether percutaneous closure was superior to medical therapy alone for patients with PFO suffering
from ischemic events.11-13 In this review,
we seek to explore all clinical aspects of
this complex cardiac/neurological interplay and evaluate the currently available
literature.
Prevalence and pathological anatomy
A PFO is a special form of atrial septal defect; however, it is distinguished by the un(Hellenic Journal of Cardiology) HJC • 247
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Figure 1. Typical atrial septum aneurysm with sagging of the septum primum.

Figure 2. Atrial septal pouch with a broad interleave between septum primum and secundum as likely source of thromboembolism.

Figure 3. Cardiac autopsy with a probed patent foramen ovale.

248 • HJC (Hellenic Journal of Cardiology)

derlying pathological mechanism of its development
during the immediate newborn period. For instance,
the actual pathology is a failed fusion of both the septum primum and septum secundum; thus, it does not
necessarily involve a structural septal defect but in
many cases a valve-like opening and closing that increases under Valsalva and Valsalva-release conditions. Other cases frequently show a hypermobile septum that excurses by more than 15 mm in total amplitude,14 or even a septal aneurysm based on additional
defects in the connective tissue of the septum primum
(Figure 1). There are also instances involving a septal
pouch, which may be the focus of thrombus formation (Figure 2).15
In echocardiographic examinations, the diagnosis
of PFO is verified in up to 20% of cases using special
methods of contrast echocardiography (i.e. agitated
saline solution). Accurate diagnostic detection from
autopsy studies, on the other hand, can be as high
as 30% in a normal population (Figure 3). Three-dimensional anatomy helps distinguish between tubular
and funnel-like defects (Figure 4). Reported in 1993,
the results of an interesting investigation by the Mayo
Clinic showed that a PFO may enlarge over time, increasing its diameter from 3.4 mm in the initial years
up to 5.8 mm in the tenth decade of life. Kaplan and
colleagues trace this finding back to an extension in
the area of the fossa ovalis that takes place throughout the entire lifespan. 16 No differences were observed in terms of race or sex.
Clinical relevance in neurology
Apart from cardioembolic events triggered by known
sources, micro- and macroangiopathy are the most
prominent causes of both complete and transient
stroke attacks. However, a considerable number of
cases (up to 30%) remain cryptic.2 In these cases,
the incidence rate of PFO with or without an atrial
septum aneurysm is doubled, and thus is significantly higher than in a population suffering from stroke
based on unknown reasons. This is especially valid
with regard to patients under 55 years of age, as reported by Handke et al in 2007.17
If it is likely to be of clinical relevance, the diagnosis of a PFO by echocardiography should initiate
the search for a probable cavernous source of embolism, such as deep vein thrombosis (DVT).
In daily clinical routine, acute hemiplegia with
or without aphasia is frequently diagnosed, with patients being put in intensive care with the option of
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Figure 4. Different tubular and funnel-like types of patent foramen ovale. © St. Jude Medical, 2014. Reproduced with permission.

ventilation. Dysphagia in spontaneously breathing
patients may complicate the situation and secondarily lead to mechanical ventilation due to aspiration
pneumonia. Often, dilative tracheostomy is subsequently necessary for long-term ventilation. Specific
anti-infective therapy based on the Tarragona strategy is one of our most prominent measures in this
context.18
Apart from stroke, a link between PFO and migraine has also been reported,20 which is likely to play
a role in the transport of paradoxical emboli to the
vertebro-basilar circuit and the release of vasoactive
substances at this location. However, a definite recommendation for closure in such patients has yet to
be validated.21,22
Furthermore, an increased prevalence of decompression sickness in divers has been reported, with

the underlying mechanism of bypassing the pulmonary filters during emersion.23 Personally referred
data from the PRIMA study (patent foramen ovale in
patients with migraine and aura) showed a slight clinical benefit to patients undergoing PFO closure who
suffered from migraine with aura.
Diagnostics
Every patient with a transitory ischemic attack or a
definite stroke will undergo a thorough screening
for potential underlying causes of the local reduction of blood supply. This includes ultrasound, CT
angiography or MR angiography of the carotids and
all arteries that supply blood to the brain, 24 h Holter ECG, 24 h blood pressure measurements, and
echocardiography. Echocardiography aims to iden(Hellenic Journal of Cardiology) HJC • 249
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tify sources of cardiac embolism. This includes the
detection of a thrombus, valve abnormalities, vegetations, cardiomyopathy and endocarditis. Since
auscultation findings in PFO are very infrequent,
echocardiography is the gold standard in screening
for PFO. In cases of satisfactory ultrasound conditions, the transthoracic apical four-chamber view
may indicate a hypermobile septum. Contrast imaging is induced additionally by agitated saline solution and has to be applied using venous access in the
right arm. In some instances, contrast passover flows
from the right to the left atrium occur passively, although many cases require a Valsalva maneuver including a Valsalva release for such demonstration.
Stroke imaging characteristics that suggest a cardiac
source of a vessel-occluding embolus should initiate
a TEE. The patency of the interatrial septum (IAS)
can be examined here with high definition using a
midesophageal view at 40º-50º (Figure 1). Contrast
solution is used accordingly and Valsalva conditions
can be induced in sedated patients by applying pressure to the epigastric angle. Color flow helps to indicate pathologic shunt flows. In addition, M-mode
echocardiography allows the exact septum excursion
to be verified once more. The threshold value of 15
mm indicates the quality of a hypermobile septum
that is often combined with aneurysmatic sagging.
In very rare cases, bubble filling of the left atrium
is seen for other reasons, such as atrioventricular
malformations adjacent to the atria. In this context,
and if no structural defect is observed between the
septum primum and secundum, a transcranial Doppler (TCD) with agitated saline solution may also
be helpful for the detection of high-intensity transient signals.24 In a recent study, Johansson and colleagues reported that the echocardiographic accuracy of diagnosis is notably higher in cases of a coincident septum aneurysm.25
In addition to echocardiography, taking a detailed history is the key to detecting a possible predisposition to thromboembolic events. A venous ultrasound examination for thrombosis of the deep lower
legs is needed in most instances. Varicosis or immobilization for a long period of time may also predispose to thrombus generation. In addition, laboratory screenings should be conducted for thrombophilia, consisting of protein C and S concentration,
Factor-V-Leiden mutation, prothrombin mutation,
antithrombin III deficiency, the antiphospholipidantibody syndrome on the venous side, and concentrations of homocysteine and lipoprotein, as well as
250 • HJC (Hellenic Journal of Cardiology)

Figure 5. Final release of the Amplatzer occluder under transesophageal echocardiographic and angiographic control. © St.
Jude Medical, 2014. Reproduced with permission.

the sticky-platelet syndrome, primarily on the arterial
side.26
Interventional therapy
Once it has been ascertained that an intervention is
indicated, the procedure can be carried out under
TEE and angiographic control using an 8-9 F venous
access from the femoral vein (Figure 5). One of the
most important contraindications is a hypercoagulable state that is predominant on the arterial side, such
as the sticky-platelet syndrome or hyperlipoproteinemia.
Different device sizes from 18 mm to 35 mm
(right atrium sheet, left atrium sheet up to 25 mm) in
diameter are available (e.g. Amplatzer©, Cardioseal©,
Helex©), all consisting of a double sheet for both the
closure of PFO and stabilization of an atrial septum
aneurysm (ASA; Figure 6). The procedure itself can
be conducted with low periprocedural risk;27-30 however, there are some noteworthy pitfalls in long-term
follow up. The patency rate is reported to be more
than 90%,27 but very small and residual shunts, detectable only by TCD, occur in up to 21.6% of cases,
as underlined by a recent report from an Italian working group around Marchese et al.28 Several additional
shortcomings should also be taken into account. Implementation of a device increases the risk of a new
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Figure 6. Amplatzer PFO-occluder. © St. Jude Medical, 2014.
Reproduced with permission.

onset of atrial fibrillation (AF), as exemplified in a
recent meta-analysis by Kwong and co-workers that
included 1856 patients (OR 3.77, 95%CI 1.44-9.87,
p=0.007).29 Other investigators stress the necessity
of complete coverage with ASA, challenging the view
that favors the use of a small-diameter device in order to promote left atrial function, such as the maintenance of sinus rhythm, and the left atrial conduit
function with its active and passive filling and emptying.30 Most authors recommend periprocedural anticoagulation, predominantly consisting of oral platelet
aggregation inhibitors (PAI) for at least three months
as mono- or double therapy.11-13
Finally, a simultaneous surgical closure during
open heart surgery for other reasons should not be
ruled out after careful exclusion of the contraindications mentioned above.
Medical therapy
The main goal of PFO closure is to prevent thromboembolic events. In most instances, the use of PAI as a
single medication will be sufficient, but some special
circumstances, such as DVT, a hypercoagulable state,
or an elevated right atrial pressure in cases of expired
pulmonary embolism or in patients suffering from
chronic obstructive pulmonary disease, may demand
further therapy. In daily practice, this frequently consists of heparin during the acute phase and warfarin

as a permanent form of medication. Some instances
may also involve new oral anticoagulants, represented by the direct thrombin inhibitor dabigatran, or the
factor Xa antagonists rivaroxaban or apixaban, which
may already be in use for other indications, such as
coincident AF.31 However, none of these substances
is approved if PFO is present as a possible underlying
cause of stroke.
Bleeding complications and failure in prevention
of a second ischemic event are possible disadvantages of an anticoagulation strategy, and are the subject
of much discussion. So far, in the prevention of recurrent stroke, aspirin alone has been reported to be
non-efficacious in patients with isolated PFO without ASA (2.3 vs. 4.2%).32 Mas et al, however, demonstrated a significantly higher recurrence rate in the
same investigation in cases with an additional ASA.32
Orgera and colleagues conducted a meta-analysis
of five retrospective studies and showed that warfarin was superior to aspirin in preventing an ischemic
event (OR 0.37, 95%CI 0.23-0.6).33 However, another study, published as early as 1996 by Bogousslavsky
et al and involving a small sample size of 92 patients,
was not able to demonstrate such a benefit.34 Even
prospective studies failed to provide evidence in favor
of anticoagulation regimens.11-13
The risk of bleeding may increase, especially in
older patients with an elevated risk of falls35 and in
patients receiving a combination therapy of warfarin
and PAI having undergone coronary stenting.36
Ongoing state of clinical investigation
Until the publication of the three studies in 2012/2013,
randomized prospective studies involving sufficient
numbers of patients were lacking. However, plenty of
retrospective surveys and a few prospective studies,
with methodological problems due to missing detailed
randomization protocols and/or very short follow-up
intervals, have been conducted over the past few decades. Van de Wyngaert published data from 66 patients (below 55 years of age) selected for interventional PFO closure in 2008 and reported satisfying results in terms of patency rates. In the follow-up period
of 3.73 years, no recurrent stroke was seen.37 Based on
a study involving 16 patients in 1994, Hanna and colleagues reported PFO as a likely cause of stroke and
recommended aspirin as first-line therapy.38 In contrast, the data published by Lee et al in 2010 showed
that, of the 181 patients involved, 14 had suffered from
recurrent stroke after transcatheter closure, and that
(Hellenic Journal of Cardiology) HJC • 251
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Table 1. Patient characteristics in published observational trials before 2012 (modified from reference #56).
Author/year
Therapy
n
			
Sievert 200140

Closure

Braun 200241

Onorato 200342

Alameddine 2004

0.1

660

47

620

von Bardeleben48

357

Presbitero 200949

216

34

Bougousslavsky 1996

Medical

Mas 200132

Windecker 200451

Schuchlenz 200552
Serena 2008

272
430

Taffe 200846

Mas 199550

1.3

456

Luermans 200845

53

Weimar 200954
Lee 201039

Paciaroni 201155

1.0

276
256

43

Kiblawi 200644

Wahl 2009

281

Mean follow up
Age (years)
Male (%)
(years) 			

107

1.6

234
159
117

41

51 ± 15.2

0.1

49.3 ± 12.9

0.8
1

3.8

53
47

NA

23

22
41
33

NA

50.7 ± 13

53.7

44.9

51 ± 12

60.8

33.4

51 ± 14

1.6

52.5 ± 13.5

1.9

39.4 ± 10.5

3.2

40.3

158
297

48 ± 15

51.1 ± 15.5

3

113

NA

1.5

140
277

46.8 ± 13.2

45.3 ± 13.7

ASA
(%)

55.2
59.1
54.6
50

36.4
28.6
12

35.5

44 ± 14

60

2.4

50.7 ± 13.5

58.9

20.8

1.9

53.2 ± 14.8

62

38.4

2.6
2.4
3.5
2

47.7 ± 12.7
57

53 ± 13

40.9 ± 10.3

53

54.9
65.8

73.6
50.4

25
22

23.9
20.1

11.3
41

ASA – atrial septum aneurysm.

shunts larger than 3 mm (HR 3.0, 95%CI 1.96-4.6) as
well as a coincident ASA were predictors for a recurrent event (HR 6.04, 95%CI 1.84-19.86).39
Table 1 summarizes the most recent series divided into two categories—interventional closure and
medical therapy alone—based on data from at least
one hundred patients provided by the PubMed database.
Three new prospective studies
The CLOSURE I,11 RESPECT,12 and PC13 studies
were designed as prospective, randomized, open-label multicenter trials (185 centers in North America and Europe) and their results were published in
2012 and 2013. In total, 2294 patients were enrolled.
The patients were randomly assigned either to a closure group, subsequently undergoing interventional
PFO closure, or to a medical-therapy group, receiving anticoagulation therapy only. In CLOSURE I, the
STARFlex® device was used for transcatheter closure, while in other the studies the Amplatzer ® device was employed. In the medical therapy groups,
therapy consisted of either a PAI or warfarin, while
252 • HJC (Hellenic Journal of Cardiology)

in the closure groups, double PAI therapy was administered six months after closure. The PC study additionally analyzed peripheral thromboembolic events.
The primary endpoint was defined as recurrent stroke
or TIA (PC and CLOSURE I) during the observation
period (between two and seven years). TEE controls
were carried out immediately after closure and subsequently at intervals of at least six months for the first
two years.
The studies were divided into “intention-totreat”, “modified intention-to-treat”, and “as-treated” cohorts, and the data were evaluated accordingly.
In all three studies, demographic data and the underlying medical history showed no significant differences between groups. Table 2 summarizes the main
characteristics of all participants:
In the intervention group, CLOSURE statistics
showed a significantly higher rate of periprocedural
complications, such as the new onset of AF (5.7% vs.
0.7%, p<0.001), as well as catheter access-based vascular complications in 13 vs. 0 cases (p<0.001). At
86%, the patency rate of the implanted device was
the lowest in the CLOSURE-I investigation. Shunt
size and the presence of an ASA were slightly more
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Table 2. Main characteristics of patients in all three randomized controlled trials.
Study
Characteristic
		
CLOSURE I

Mean age (years)

Age range (years)
Cryptogenic stroke

Moderate or substantial shunt (%)
ASA≥10 mm (%)
Age (years)

Portion male (%)

p-value

46.3 ± 9.6

45.7 ± 9.1

0.39

27.4

28.6

72.6
55.9
37.6

Substantial shunt (%)

71.4
50.0
35.7
46.2 ± 10

27.7

25.2

49.5

ASA (%)

18-60

45.7 ± 9.7
53.7

Moderate shunt (%)

PC

Medical-therapy
group

18-60

TIA (%)

RESPECT

Closure
group

36.1

48.0
35.1

44.3 ± 10.3

44.6 ± 10.1

BMI

26.6 ± 5.6

26.3 ± 4.8

47

40.9

45.1

ASA (%)

23

Moderate shunt (%)

Substantial shunt (%)

23.2

0.56

55.7

Age (years)

Portion male (%)

0.07

54.3
24.3
20.2

ASA – atrial septum aneurysm; BMI – body mass index; TIA – transient ischemic attack.

pronounced in all closure groups, although without
being statistically significant. No major bleeding episodes occurred in any group. In the “as-treated” cohort of the RESPECT trial, the closure group showed
a significant advantage in relation to the primary endpoint “recurrent stroke” (HR 0.27, 95%CI 0.1-0.75,
p=0.007). This, however, was not corroborated by the
“intention-to-treat” analysis (HR 0.49, 95%CI 0.221.11, p=0.08). Apart from that, no significant difference from the long-term follow-up data could be confirmed in any of the three randomized trials. Table 3

summarizes the main follow-up aspects throughout
all studies.
Also comparable was the hazard ratio analysis,
especially for risk factors such as shunt size or the
presence of an ASA (no significant difference among
the groups), although with a slight benefit for the closure groups and the reservation of the smaller sample
sizes in the subgroup analyses. The baseline medication (PAI or warfarin) also did not result in a distinct
advantage. Table 4 shows the main results of the hazard calculation in all three trials.

Table 3. Crucial endpoints in all three trials after a 2-year follow up, according to the “intention to-treat”-analysis.
Study
Endpoint
		

Closure
group

Medical-therapy
group

Hazard ratio
(95% CI)

p-value

CLOSURE I

Stroke (%)

2.9

3.1

0.9 (0.41-1.98)

0.79

Composite (%)

5.5

6.8

0.78 (0.45-1.35)

0.37

RESPECT
PC

TIA (%)
Stroke

Stroke (%)
TIA (%)

Peripheral embolism (%)
Composite (%)

3.1
9 pts.
0.5
2.5
0

2.5

4.1
16 pts.
2.4
3.3
0

5.2

0.75 (0.36-1.55)
0.49 (0.22-1.11)
0.2 (0.02-1.72)

0.71 (0.23-2.24)
0.45 (0.16-1.29)

0.44
0.08
0.14
0.56
0.14

CI – confidence interval; TIA – transient ischemic attack.
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Table 4. Subgroup analysis with hazard ratio calculation in all three trials according to the “intention-to-treat” analysis or “modified-intention-to-treat” analysis (CLOSURE I).
Study
Subgroup
Closure-group
			
CLOSURE I

ASA (%)

0.78 (0.3-2.13)

p-value
0.64

6.2

7.4

0.81 (0.42-1.59)

0.55

Moderate shunt (%)

5.0

7.9

0.61 (0.24-1.55)

0.3

Substantial shunt (%)
Aspirin (%)

Warfarin (%)

6.9
3.5
5.3
4.2

6.8
4.9
6.7
7.9

0.99 (0.39-2.52)
0.72 (0.15-3.57)
0.79 (0.39-1.59)
0.52 (0.06-4.12)

0.99
0.69
0.5

0.53

Trace of shunt (%)

2.8

2.5

1.03 (0.35-3.08)

0.95

ASA (%)

1.1

5.3

0.19 (0.04-0.87)

0.02

Substantial shunt (%)
No ASA (%)
PAI (%)

Other anticoagulants (%)
PC

6.0

Hazard ratio
(95% CI)

No ASA (%)

Trace of shunt (%)

RESPECT

4.6

Medical-therapy
group

0.8
2.2
1.4
3.0

4.3
2.2
3.6
2.5

0.18 (0.04-0.81)
0.89 (0.31-2.54)
0.34 (0.12-0.94)
1.14 (0.26-5.1)

ASA (%)

8.5

3.9

2.09 (0.38-11.4)

Index event stroke (%)

3.0

4.9

0.58 (0.19-1.76)

0.01
0.83
0.03
0.86

No ASA (%)
1.9
5.7
0.32 (0.09-1.18)
					

0.09
(for interaction)

Index event TIA or
5.1
6.4
0.99 (0.29-3.45)
pulm. embolism (%)				

0.78
(for interaction)

ASA – atrial septum aneurysm; PAI – platelet aggregation inhibitors; TIA – transient ischemic attack.

Critical adoption and recommendation to the clinician
Although without crucial cardiological relevance for
the most part, a PFO is a widespread congenital defect that can be a native source of thrombus formation and comes to the fore in paradoxical embolism.
In most cases, it can be easily diagnosed by TEE. Several concepts involving only PAI, or anticoagulation
therapy alone, or interventional and operative closure, have been proposed and debated over the last
few decades. The CLOSURE I, RESPECT, and PC
trials, three prospective, randomized studies, have
published data from approximately 2300 patients. Despite an excellent protocol and thorough statistical
analysis, each of these three studies had some minor
methodological flaws. Firstly, the observation period
of up to seven years was too long, given the likelihood
of the interim occurrence of strokes due to concurrent reasons. Secondly, TIA is a relatively imprecise
inclusion criterion or study endpoint, as it was used
in the CLOSURE-I and PC trials. It was only in the
RESPECT investigation that a complete stroke was
defined as the primary endpoint in both arms. In addition, the sample size in the PC study may be di254 • HJC (Hellenic Journal of Cardiology)

minished by general thromboembolic events being
accepted as study endpoints. Furthermore, only the
RESPECT study showed a significant advantage in
the “as-treated” cohort for the primary endpoint in
the closure arm. Daily praxis, however, unfortunately
implies a common patient behavior that is congruent
to an “intention-to-treat” situation and here no significant differences were observed. Baseline anticoagulation regimes also did not show any significant
differences in the medical therapy arms, especially
in CLOSURE I, and the situation was methodically
aggravated by the fact that anticoagulation concepts
in the PC study were set by the local attending physicians. Finally, following transcatheter closure, all patients needed at least an initial administration of PAI
medication.
Given the lack of well-defined guidelines from
North American or European professional societies,
there is no definite answer pertaining to the question of PFO closure, as already noted by the editor of
the journal that published these three trials.57 In contrast, general stroke prevention guidelines are well
defined by the American Heart/Stroke Association.58
Administration of aspirin in patients with PFO as a
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PFO and/or ASA is likely to be cause of stroke or TIA

DVT or
predominantly
venous
thrombophilia

PAI

Patient’s special request or age below 35 years

Permanent therapy is refused or contraindicated

Recurrent event

Warfarin

Recurrent event

Interventional closure

Figure 7. Practical flowchart with recommendations for proceeding in almost all clinical cases.

likely cause of stroke is part of routine practice in our
institution. Only in cases of DVT or recurrent ischemic events under aspirin administration does warfarin represent an alternative. Careful diagnosis of
thrombophilia is mandatory before an interventional
closure can be considered, especially in situations in
which anticoagulation is prohibited or the patient refuses enduring medical therapy. Additionally an optional vena cava filter may be useful in these cases, or
when repetitive embolism is present despite anticoagulation therapy.59 Figure 7 shows our in-house concept of decision making, which may prove useful to
physicians.

References
1. Feigin VL, Lawes CM, Bennett DA, Barker-Collo SL, Parag
V. Worldwide stroke incidence and early case fatality reported in 56 population-based studies: a systematic review. Lancet Neurol. 2009; 8: 355-369.
2. Kolominsky-Rabas PL, Weber M, Gefeller O, Neundoerfer
B, Heuschmann PU. Epidemiology of ischemic stroke subtypes according to TOAST criteria: incidence, recurrence,
and long-term survival in ischemic stroke subtypes: a population-based study. Stroke. 2001; 32: 2735-2740.

3. Heckmann JG, Niedermeier W, Brandt-Pohlmann M, Hilz
MJ, Hecht M, Neundörfer B. [Detection of patent foramen
ovale. Transesophageal echocardiography and transcranial Doppler sonography with ultrasound contrast media are
“supplementary, not competing, diagnostic methods”]. Med
Klin (Munich). 1999; 94: 367-370. German.
4. 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.
5. Cotter PE, Martin PJ, Belham M. Toward understanding the
atrial septum in cryptogenic stroke. Int J Stroke. 2011; 6: 445453.
6. Tugcu A, Okajima K, Jin Z, et al. Septal pouch in the left
atrium and risk of ischemic stroke. JACC Cardiovasc Imaging. 2010; 3: 1276-1283.
7. Han YM, Gu X, Titus JL, et al. New self-expanding patent
foramen ovale occlusion device. Catheter Cardiovasc Interv.
1999; 47: 370-376.
8. Mono ML, Geister L, Galimanis A, et al. Patent foramen
ovale may be causal for the first stroke but unrelated to subsequent ischemic events. Stroke. 2011; 42: 2891-2895.
9. Casaubon L, McLaughlin P, Webb G, Yeo E, Merker D,
Jaigobin C. Recurrent stroke/TIA in cryptogenic stroke patients with patent foramen ovale. Can J Neurol Sci. 2007; 34:
74-80.
10. Cerrato P, Priano L, Imperiale D, et al. Recurrent cerebrovascular ischaemic events in patients with interatrial septal abnormalities: a follow-up study. Neurol Sci. 2006; 26: 411-418.
11. Furlan AJ, Reisman M, Massaro J, et al. Closure or medical
(Hellenic Journal of Cardiology) HJC • 255

J. Litmathe et al

12.
13.
14.

15.
16.
17.
18.

19.

20.
21.
22.
23.
24.

25.

26.

27.

28.

therapy for cryptogenic stroke with patent foramen ovale. N
Engl J Med. 2012; 366: 991-999.
Carroll JD, Saver JL, Thaler DE, et al. Closure of patent foramen ovale versus medical therapy after cryptogenic stroke.
N Engl J Med. 2013; 368: 1092-1100.
Meier B, Kalesan B, Mattle HP, et al. Percutaneous closure
of patent foramen ovale in cryptogenic embolism. N Engl J
Med. 2013; 368: 1083-1091.
Pugliese M, Paoletti V, Rinaldi E, Paradiso M, Mammarella
A, Musca A. [Harmonic echocardiography of tissue in the diagnosis of aneurysms of the interatrial septum. Study of 550
consecutive ambulatory patients]. Minerva Cardioangiol.
2000; 48: 297-301. Italian.
Wayangankar SA; Patel J, Latif F, Sivaram C. Right atrial
septal pouch—a potential nidus for thrombosis. Echocardiography. 2012; 29: E1-4.
Kaplan S. Congenital heart disease in adolescents and adults.
Natural and postoperative history across age groups. Cardiol
Clin. 1993; 11: 543-556.
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: 2262-2268.
Sandiumenge A, Diaz E, Bodí M, Rello J. Therapy of ventilator-associated pneumonia. A patient-based approach based
on the ten rules of “The Tarragona Strategy”. Intensive Care
Med. 2003; 29: 876-883.
Engel-Nitz NM, Sander SD, Harley C, Rey GG, Shah H.
Costs and outcomes of noncardioembolic ischemic stroke in
a managed care population. Vasc Health Risk Manag. 2010;
6: 905-913.
Del Sette M, Angeli S, Leandri M, et al. Migraine with aura
and right-to-left shunt on transcranial Doppler: a case-control study. Cerebrovasc Dis. 1998; 8: 327-330.
Morandi E, Anzola GP, Angeli S, Melzi G, Onotato E.
Transcatheter closure of patent foramen ovale: A new migraine treatment? J Interv Cardiol. 2003; 16: 39-42.
Beda RD, Gill EA Jr. Patent foramen ovale: does it play a
role in the pathophysiology of migraine headache? Cardiol
Clin. 2005; 23: 91-96.
Germonpré P. Patent foramen ovale and diving. Cardiol Clin.
2005; 23: 97-104.
Goutmann SA, Katzan IL, Gupta R. Transcranial Doppler
with bubble study as a method to detect extracardiac right-toleft shunts in patients with ischemic stroke. J Neuroimaging.
2013; 23: 523-525.
Johansson MC, Eriksson P, Guron CW, Dellborg M. Pitfalls
in diagnosing PFO: characteristics of false-negative contrast
injections during transesophageal echocardiography in patients with patent foramen ovales. J Am Soc Echocardiogr.
2010; 23: 1136-1142.
Wu O, Robertson L, Twaddle S, et al. Screening for thrombophilia in high-risk situations: systematic review and costeffectiveness analysis. The Thrombosis: Risk and Economic
Assessment of Thrombophilia Screening (TREATS) study.
Health Technol Assess. 2006; 10: 1-110.
Hornung M, Bertog SC, Franke J, et al. Long-term results of
a randomized trial comparing three different devices for percutaneous closure of a patent foramen ovale. Eur Heart J.
2013; 34: 3362-3369.
Marchese N, Pacilli MA, Inchingolo V, Fanelli R, Loperfido
F, Vigna C. Residual shunt after percutaneous closure of patent foramen ovale with AMPLATZER occluder devices - influence of anatomic features: a transcranial Doppler and in-

256 • HJC (Hellenic Journal of Cardiology)

29.
30.

31.
32.
33.
34.

35.
36.

37.

38.
39.

40.
41.
42.
43.

44.
45.

tracardiac echocardiography study. EuroIntervention 2013;
9: 382-388.
Kwong JS, Lam YY, Yu CM. Percutaneous closure of patent
foramen ovale for cryptogenic stroke: A meta-analysis of randomized controlled trials. Int J Cardiol. 2013; 168: 4132-4138.
Rigatelli G, Dell’avvocata F, Cardaioli P, et al. Long-term results of the amplatzer cribriform occluder for patent foramen
ovale with associated atrial septal aneurysm: impact on occlusion rate and left atrial functional remodelling. Am J Cardiovasc Dis. 2012; 2: 68-74.
Ghanny S, Crowther M. Treatment with novel oral anticoagulants: indications, efficacy and risks. Curr Opin Hematol.
2013; 20: 430-436.
Mas JL, Arquizan C, Lamy C, et al. Recurrent cerebrovascular events associated with patent foramen ovale, atrial septal
aneurysm or both. N Engl J Med. 2001; 345: 1740-1746.
Orgera MA, O’Malley PG, Taylor AJ. Secondary prevention
of cerebral ischemia in patent foramen ovale: systematic review and meta-analysis. South Med J. 2001; 94: 699-703.
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: 1301-1305.
Barco S, Cheung YW, Eikelboom JW, Coppens M. New oral
anticoagulants in elderly patients. Best Pract Res Clin Haematol. 2013; 26: 215-224.
Lamberts M, Olesen JB, Ruwald MH, et al. Bleeding after
initiation of multiple antithrombotic drugs, including triple
therapy, in atrial fibrillation patients following myocardial
infarction and coronary intervention: a nationwide cohort
study. Circulation. 2012; 126: 1185-1193.
van de Wyngaert F, Kefer J, Hermans C, et al. Absence of recurrent stroke after percutaneous closure of patent foramen
ovale despite residual right-to-left cardiac shunt assessed by
transcranial Doppler. Arch Cardiovasc Dis. 2008; 101: 435-441.
Hanna JP, Sun JP, Furlan AJ, Stewart WJ, Sila CA, Tan M. Patent foramen ovale and brain infarct. Echocardiographic predictors, recurrence, and prevention. Stroke. 1994; 25: 782-786.
Lee JY, Song JK, Song JM, et al. Association between anatomic features of atrial septal abnormalities obtained by omni-plane transesophageal echocardiography and stroke recurrence in cryptogenic stroke patients with patent foramen ovale. Am J Cardiol. 2010; 106: 129-134.
Sievert H, Horvath K, Zadan E, et al. Patent foramen ovale
closure in patients with transient ischemia attack/stroke. J Interv Cardiol. 2001; 14: 261-266.
Braun MU, Fassbender D, Schoen SP, et al. Transcatheter
closure of patent foramen ovale in patients with cerebral
ischemia. J Am Coll Cardiol. 2002; 39: 2019-2025.
Onorato E, Melzi G, Casilli F, et al. Patent foramen ovale
with paradoxical embolism: mid-term results of transcatheter
closure in 256 patients. J Interv Cardiol. 2003; 16: 43-50.
Alameddine F, Block PC. Transcatheter patent foramen ovale closure for secondary prevention of paradoxical embolic
events: acute results from the FORECAST registry. Catheter
Cardiovasc Interv. 2004; 62: 512-516.
Kiblawi FM, Sommer RJ, Levchuck SG. Transcatheter closure of patent foramen ovale in older adults. Catheter Cardiovasc Interv. 2006; 68: 136-142.
Luermans JG, Post MC, Schräder R, et al. Outcome after
percutaneous closure of a patent foramen ovale using the Intrasept device: a multi-centre study. Catheter Cardiovasc Interv. 2008; 71: 822-828.

Can We Close the Discussion on PFO-Closure?
46. Taaffe M, Fischer E, Baranowski A, et al. Comparison of
three patent foramen ovale closure devices in a randomized
trial (Amplatzer versus CardioSEAL-STARflex versus Helex
occluder). Am J Cardiol. 2008; 101: 1353-1358.
47. Wahl A, Tai T, Praz F, et al. Late results after percutaneous
closure of patent foramen ovale for secondary prevention
of paradoxical embolism using the amplatzer PFO occluder
without intraprocedural echocardiography: effect of device
size. JACC Cardiovasc Interv. 2009; 2: 116-123.
48. von Bardeleben RS, Richter C, Otto J, et al. Long term follow up after percutaneous closure of PFO in 357 patients
with paradoxical embolism: Difference in occlusion systems
and influence of atrial septum aneurysm. Int J Cardiol. 2009;
134: 33-41.
49. Presbitero P, Lanzone AM, Albiero R, et al. Anatomical patterns of patent foramen ovale (PFO): do they matter for percutaneous closure? Minerva Cardioangiol. 2009; 57: 275-284.
50. Mas JL, Zuber M. Recurrent cerebrovascular events in patients with patent foramen ovale, atrial septal aneurysm, or
both and cryptogenic stroke or transient ischemic attack.
French Study Group on Patent Foramen Ovale and Atrial
Septal Aneurysm. Am Heart J. 1995; 130: 1083-1088.
51. Windecker S, Wahl A, Nedeltchev K, et al. Comparison of
medical treatment with percutaneous closure of patent foramen ovale in patients with cryptogenic stroke. J Am Coll Cardiol. 2004; 44: 750-758.
52. Schuchlenz HW, Weihs W, Berghold A, Lechner A, Schmidt
R. Secondary prevention after cryptogenic cerebrovascular
events in patients with patent foramen ovale. Int J Cardiol.

2005; 101: 77-82.
53. Serena J, Marti-Fàbregas J, Santamarina E, et al. Recurrent stroke and massive right-to-left shunt: results from the
prospective Spanish multicenter (CODICIA) study. Stroke.
2008; 39: 3131-3136.
54. Weimar C, Holle DN, Benemann J, et al. Current management and risk of recurrent stroke in cerebrovascular patients
with right-to-left cardiac shunt. Cerebrovasc Dis. 2009; 28:
349-356.
55. Paciaroni M, Agnelli G, Bertolini A, et al. Risk of recurrent
cerebrovascular events in patients with cryptogenic stroke or
transient ischemic attack and patent foramen ovale: the FORI (Foramen Ovale Registro Italiano) study. Cerebrovasc
Dis. 2011; 31: 109-116.
56. Agarwal S, Bajaj NS, Kumbhani DJ, Tuzcu EM, Kapadia SR.
Meta-analysis of transcatheter closure versus medical therapy
for patent foramen ovale in prevention of recurrent neurological events after presumed paradoxical embolism. JACC
Cardiovasc Interv. 2012; 5: 777-789.
57. Messé SR, Kent DM. Still no closure on the question of PFO
closure. N Engl J Med. 2013; 368: 1152-1153.
58. Kernan WN, Ovbiagele B, Black HR, et al. Guidelines for
the prevention of stroke in patients with stroke and transient
ischemic attack: a guideline for healthcare professionals from
the American Heart Association/American Stroke Association. Stroke. 2014; 45: 2160-2236.
59. Rajasekhar A, Streiff MB. Vena cava filters for management
of venous thromboembolism: a clinical review. Blood Rev.
2013; 27: 225-241.

(Hellenic Journal of Cardiology) HJC • 257

