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Percutaneous closure of patent foramen ovale with the Sideris Buttoned Occluder

Long-term follow-up after closure
of patent foramen ovale
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Summary

Background: Percutaneous patent foramen ovale (PFO) closure has been
shown to be safe and feasible with a variety of devices, and its clinical
efficacy appears favourable compared with medical treatment alone. How-
ever, long-term follow-up remains largely unknown. We report the late
clinical results of our early experience with one of the first commercially
available devices, the Sideris Buttoned Occluder.

Methods: Thirty-two patients (age 50 + 12 years; 63% male; 28% atrial sep-
tal aneurysm) underwent PFO closure using the Sideris Occluder for sec-
ondary prevention of presumed paradoxical embolism.

Results: There were four procedural complications (13%), including two
embolisations of the counteroccluder of the device with successful per-
cutaneous removal in both cases, and one arteriovenous fistula requiring
surgical repair. The implantation procedure failed in one patient (3%) be-
cause of laceration of the femoral artery, with ensuing retroperitoneal hae-
matoma requiring surgical revision. None of these complications had
long-term sequelae. Contrast transoesophageal echocardiography at
6 months showed complete closure in 55% of cases, and a minimal, mod-
erate, or large residual shunt in 28%, 7%, and 10%, respectively. During a
mean follow-up period of 12.3 + 2.6 years (median 13 years; total 378
patient-years), one death, two ischaemic strokes, two transient ischaemic
attacks (TIAs), and one peripheral embolism occurred. Survival free from
recurrent ischaemic stroke, TIA, or peripheral embolism was 97% at 1 year,
90% at 5 years, and 84% at 10 years. There was one incident of atrial fibril-
lation.

Conclusions: Despite the high periprocedural complication and residual
shunt rates, percutaneous PFO closure using the Sideris Occluder pre-
sented no long-term safety concerns. The rate of recurrent events 10 years
after percutaneous PFO closure was low.

Key words: atrial septal aneurysm; patent foramen ovale; cerebral ischaemia; embolism; secondary
stroke prevention

Introduction

The association of patent foramen ovale (PFO) with
cryptogenic stroke, independently reported by Lechat
[1] and Webster [2] in 1988, has been repeatedly con-
firmed [3, 4]. This observation has been extended to
adults >55 years, with a significantly higher prevalence
of PFO alone (28.3% vs 11.9%; odds ratio [OR] 2.9; 95%
confidence interval [CI] 1.7-5.0; p <0.001) as well as of
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PFO associated with atrial septal aneurysm (ASA; 15.2%
vs 4.4%; OR 3.9; 95% C11.8-8.5; p <0.001) among patients
with cryptogenic stroke compared with those with
stroke of known stroke cause [5].

In patients with presumed paradoxical embolism,
secondary prevention remains a matter of debate.
Patients with cryptogenic stroke related to PFO are at
risk for recurrence despite medical treatment, with
yearly recurrence rates ranging from 0.6-12% [6, 7], a
risk that may be particularly pronounced in patients
with PFO and associated ASA [6, 8]. Nonrandomised
data suggest the superiority of percutaneous PFO
closure for secondary prevention of paradoxical embo-
lism as compared with medical treatment alone [7,
9-11]. However, three randomised studies failed to
confirm these results [12-14]. As the protocols of all
three trials overestimated the incidence of recurrent
events in both groups, data on long-term clinical

Figure 1: Sideris Buttoned Occluder (top) and implantation
steps (bottom).
LA =left atrium; RA =right atrium
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follow-up of such patients are still of interest. In this
study we report the late clinical results (up to 15 years
of follow-up) of our experience with one of the first
commercially available devices, the Sideris Buttoned
Occluder (SBO, fig. 1).

Methods

Patients

Between April 1994 and November 1999, 32 patients
underwent percutaneous PFO closure with the SBO for
secondary prevention of presumed paradoxical embo-
lism. An embolic event was considered due to paradox-
ical embolism when the following criteria were ful-
filled: presence of PFO with or without ASA with
spontaneous or inducible interatrial right-to-left shunt
during contrast transoesophageal echocardiography
(TOE); clinically and/or radiologically confirmed
ischaemic stroke, transient ischaemic attack, or
peripheral embolism; and exclusion of any other con-
ventional cause. The procedure was approved by the
local Ethics Committee, and patients gave written
informed consent.

Echocardiography

The diagnosis of PFO and ASA was based on contrast
TOE, with aerated colloid solution injected into an an-
tecubital vein at the end of a vigorous and sustained
Valsalva manoeuvre. PFO was defined as flap-like
opening in the atrial septum secundum, with the sep-
tum primum serving as one-way valve allowing for
permanent or transient right-to-left shunt. ASA was di-
agnosed as an abnormally redundant interatrial sep-
tum with an excursion of >10 mm into the right or left
atrium and a diameter at the base of the aneurysm of
at least 15 mm [15]. Spontaneous or provoked right-to-
left shunt was semiquantitatively graded according to
the number of bubbles detected in the left atrium after
crossing the interatrial septum on a still frame: grade
O = none, grade 1 = minimal (I-5 bubbles), grade 2 =
moderate (6—20 bubbles), and grade 3 = severe (>20 bub-
bles) [2]. In order to demonstrate unequivocally the
presence of a PFO, care was taken to document the
actual passage of contrast bubbles through the rent,
but this was not possible in all cases.

Sideris Buttoned Occluder

The SBO (fig. 1) at the time was a polyester patch on a
nitinol cross frame in the left atrium, retained by a pol-
yester coated wire in the right atrium. It could be con-
strained within an 11 French (Fr) delivery system. The
retaining wire was pushed over a nylon thread fed
through a central hole in the polyester coat. The thread
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featured a knot which prevented disengagement of the
retaining wire, once it was advanced over the knot.

Percutaneous PFO closure

The interventions were performed under local anaes-
thesia and fluoroscopic guidance [16]. Intraprocedural
guidance by TOE [17-19] or intracardiac echocardiogra-
phy [20, 21] was not used in any case. However, all
patients had undergone contrast TOE for initial diag-
nosis of PFO prior to the intervention.

After venous access was gained via the right femoral
vein, the PFO was crossed under fluoroscopic guidance
in the anteroposterior view either with a standard
length regular 0.035 inch guidewire alone, or with the
help of a catheter, typically a 6 Fr multipurpose cathe-
ter. Balloon sizing was not used. Indeed, the maximal
opening of the flap-like PFO is not instrumental for the
success of closure.

An exchange guidewire was placed through the cathe-
ter in the left atrium. The multipurpose catheter was
withdrawn, and an 11 Fr delivery sheath was advanced
over the guidewire in the left atrium. The SBO consisted
of three components: occluder, counteroccluder, and
delivery system. The occluder was folded and placed in
the delivery sheath, and then advanced through the
sheath using a pushing catheter until it appeared in
the left atrium. The delivery sheath was then gently
retracted to the right atrium. The counteroccluder was
placed in the delivery sheath, over the delivery nylon
thread connected to the occluder, and similarly deliv-
ered into the right atrium under fluoroscopic guid-
ance. The occluder was pulled towards the counteroc-
cluder and the counteroccluder gently pushed with the
tip of the sheath over the knot portion of the occluder;
the device was thus buttoned across the interatrial sep-
tum under fluoroscopic guidance. Finally, the loading
wire was cut and withdrawn, thus disconnecting the
implanted device from the delivery system.

The transseptal sheath was then used for a final con-
trast medium injection. The contrast can be followed
through to the levophase to delineate the left atrial
contour and device placement also. Finally, the sheath
was removed and haemostasis achieved by manual
compression. Patients were released to full physical ac-
tivity as early as a few hours after the procedure. Trans-
thoracic contrast echocardiography was performed be-
fore discharge in order to document correct and stable
device position. Acetylsalicylic acid (100 mg) was pre-
scribed once daily for 6 months for antithrombotic
protection.

As reported in previous publications by our group,
we performed systematic coronary angiography in
patients undergoing percutaneous PFO closure aged
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>50 in males and >60 in females. In this study, a rather
high proportion of the examined patients (29%) pre-
sented with unsuspected coronary artery disease, jus-
tifying incidental coronary angiography in selected
patients. Predictors were the age as well as the pres-
ence of conventional cardiovascular risk factors [22].

Follow-up evaluation

The outcome following the intervention was prospec-
tively assessed for up to 15 years. A contrast TOE was
repeated 6 months after percutaneous PFO closure.
Thereafter, patients underwent structured telephone
interviews, addressing recurrent embolic events,
device related problems, and health status at regular
intervals. Initial follow-up information was available
for all patients, but two patients (6%) were eventually
lost to follow-up.

Death, and recurrent ischaemic stroke, TIA, or periph-
eral embolism were considered endpoints. Patients
with suspected recurrent cerebrovascular events were
re-examined by a neurologist, and a new imaging
study of the brain was performed.

Statistical analysis
An intention-to-treat analysis was performed consid-
ering all patients selected for implantation of a SBO

Table 1: Baseline clinical characteristics.

Patients 32

Age (years) 50 + 12 (median 51; range 18-73)
Male gender 20 (63%)
Height (cm) 169 + 10
Weight (kg) 75+ 14
Atrial septal anatomy

Left atrial size (mm) 38+7
Patent foramen ovale alone 23 (72%)
Patent foramen ovale and atrial septal aneurysm 9 (28%)
Cardiovascular risk factors

Arterial hypertension 14 (44%)
Diabetes mellitus 4 (13%)
Smoking history 14 (44%)
Family history 14 (44%)
Total cholesterol (mmol/I) 5.6+1.0
Embolic index event

Ischaemic stroke 17 (53%)
Transient ischaemic attack 12 (38%)
Peripheral embolism 3(9%)
Number of clinically apparent prior embolic events

One 18 (56%)
Two 9 (28%)
Three 2 (6%)
Four or more 3(10%)
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during the study period, including the patient in
whom the implantation failed. Continuous variables
are expressed as mean * 1 standard deviation, and were
compared with a two-sided, unpaired t-test. Categori-
cal variables are reported as counts and percentages,
and were compared using the Fisher’s exact test. Esti-
mates for freedom from the composite of recurrent
TIA, stroke, and peripheral embolism were obtained by
means of the Kaplan-Meier method. Binary logistic
regression analysis was performed to identify inde-
pendent predictors of recurrence. Estimates of the haz-
ard ratio (HR) and 95% confidence interval (CI) for each
independent variable were obtained by proportional
hazard regression analysis. Statistical significance was
assumed with a p-value <0.05. All data were analysed
with the use of SPSS software (version 15.0.1, SPSS Inc.).

Results

In-hospital outcome

Demographic data are summarised in table 1. In one
patient (3%), the planned SBO implantation was
aborted because of laceration of the femoral artery
during initial insertion of the 11 Fr venous sheath with
an ensuing retroperitoneal haematoma. Because of the
absence of concurrent embolic causes in the extensive
preinterventional work-up, surgical PFO closure was
deemed reasonable by an interdisciplinary team and
was performed concomitantly to the required vascular
revision. This patient is doing well at 18 years of follow-
up. All other 31 (97%) implantation procedures were
successful.

Periprocedural complications, including the one
described above, were observed in a total of four
patients (13%). There were two cases of embolisation of
the counteroccluder of the SBO with successful per-
cutaneous removal. The occluder patch stayed in place
in both. One patient who had undergone simultaneous
coronary angiography developed an arteriovenous
fistula at the puncture site requiring elective surgical
closure. There was no in-hospital death, and none of
the procedural complications resulted in long-term
sequelae.

Total procedure time, including incidental coronary
angiography [22] in 26 patients (81%), and an ad hoc per-
cutaneous coronary intervention in two patients, was
71+ 23 minutes (median 70 minutes). Total fluoroscopy
time was 17 + 8 minutes (median 14 minutes). One-ves-
sel coronary artery disease was found in only three pa-
tients, one patient had coronary sclerosis without sig-
nificant stenosis. In the six patients undergoing PFO
closure only, total procedure time amounted to 48 + 26
minutes (median 38 minutes).
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Complications were not significantly different in pa-
tients receiving small SBOs (<30 mm; n = 12) as com-
pared with patients with large SBOs (>30 mm; n =20% vs
25%; p = 0.3), patients with an associated ASA (n = 9; 28%)
as compared with patients with an isolated PFO (n = 23;
72%, and 0% vs 21%; p = 0.3), or patients >55 years (n = 12;
37%) as compared with <55 years (n = 20; 73%, 9% vs 18%;
p=10).

Bubble Test

Bubble Test

post

Buttoned Device
(25 mm)

Figure 2: 1. Transoesophageal echocardiography of patent foramen ovale,
2. Bubble transit through PFO, 3. Follow-up TEE showing the Sideris Buttoned Occluder,
4. Complete closure documented by bubble test.
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Figure 3: PFO-mediated interatrial shunt at baseline and 6 months after percutaneous
closure of patent foramen ovale, as assessed by contrast transoesophageal echo-
cardiography.
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Transthoracic contrast echocardiography after a
Valsalva manoeuvre within 24 hours of percutaneous
PFO closure, performed in all 31 patients with an
implanted device, detected a residual shunt in eight
patients (26%).

Late echocardiographic outcome

Contrast TOE after Valsalva manoeuvre at 6 months
(fig. 2), performed in 29/31 (94%) patients with an
implanted device, showed complete PFO closure in 16
patients (55%), and a minimal, moderate, or large resid-
ual shunt in 8 (28%), 2 (7%), and 3 (10%), respectively
(fig. 3).

There was no significant difference regarding residual
shunts with smaller (<30 mm; n = 12; 39%) or larger
SBOs (»30 mm; n = 19; 61%, 42% vs 42%, respectively,
p = 1.0), in older (>55 years; n = 12; 39%) or younger
patients (<55 years; n = 19; 61%, 50% vs 37%; p = 0.7), or
PFO and associated ASA (n = 9; 29%) or isolated PFO (n =
22; T1%, 33% vs 45%, p <0.7). No thrombus was detected
on the devices.

Late outcome

During12.3 + 2.6 years of follow-up (median 13 years, to-
tal 378 patient-years), one death, unrelated to a recur-
rent embolic event, two ischaemic strokes, two TIAs,
and one peripheral embolism occurred (16%). One of

1.0M
0.8
0.6
—  stroke
0.4 —_— TIA
—— stroke, TIA and death
0.2
0.0
T T T T
0.00 5.00 10.00 15.00
Freedom of events (years)

Figure 4: Freedom from recurrent stroke (solid red line), TIA
(blue line), and the combined end point of death, ischaemic
stroke, TIA, or peripheral embolism (green line) after percuta-
neous closure of patent foramen ovale using the Sideris But-
toned Occluder.
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the TIAs occurred despite therapeutic oral anticoagula-
tion in a 68-year-old patient who developed atrial
fibrillation 4 years after PFO closure. There were no
relevant bleeding complications. Survival free from
recurrent ischaemic stroke, TIA, or peripheral embo-
lism was 97% at 1year, 90% at 5 years, and 84% at 10
years (fig. 4).

Two patients (with a 33 and 20 mm SBO in place, respec-
tively) underwent implantation of a second PFO oc-
cluder device (second devices one SBO 25 mm and one
SBO 15 mm) owing to a significant residual shunt, in
one case after having suffered a recurrent peripheral
embolism. No periprocedural complications occurred
during the second intervention. Complete PFO closure
was finally achieved in one patient. In the second pa-
tient, implantation of a third device (Amplatzer PFO
25 mm) was required and finally resulted in complete
PFO occlusion. One patient with a documented resid-
ual shunt underwent surgical PFO closure after having
suffered a recurrent TIA.

Increasing body mass index (OR 1.6; 95% CI 1-2.6; p =
0.045) and smoking history (OR 9.1; 95% CI 0.86-97.3;
p=0.04) were both significant predictors of recur-
rence.

Discussion

We report the late clinical follow-up of a cohort of
32 patients with presumed paradoxical embolism
treated at a single centre using the SBO, mainly with
regards to the follow-up duration of over 10 years.
These data represent the early technical experience in
the field of percutaneous PFO closure. The SBO, which
was one of the first commercially available devices, has
been modified since, but is no longer used at our centre
because of the availability of more versatile, effective,
and easier to use devices. However, despite the high
procedural complication rate of 13%, and the fact that
complete PFO closure could be achieved in 55% of cases
only, the long-term clinical efficacy of percutaneous
PFO closure turned out to be good.

In the literature, the reported success rates of per-
cutaneous PFO closure varies between 90-100%, with
complication rates between 0-10%. Complete PFO
closure is reported in 51-100% of patients [23], depend-
ing on device type and methodology used (trans-
cranial Doppler, transoesophageal or transthoracic
echocardiography), and the yearly recurrence rates of
ischaemic strokes and transient ischaemic attacks
(TIAs) vary between 0-5% [7].

Important differences were observed between the
devices used [24-26]. Initial device-related complica-
tions inflicted by large delivery systems, device dis-

lodgement and embolisation, structural failure,
thrombus formation [27], and inability to reposition or
remove the device were reduced by improvements in
device design. Anatomical and physiological differ-
ences between PFOs and atrial septal defects led to the
development of devices specifically designed for per-
cutaneous PFO closure. Current devices for percutane-
ous PFO closure, such as the Amplatzer PFO Occluder,
achieve complete PFO occlusion in >90% of cases with
complication rates <1% and yearly recurrence rates <1%
[23]. This improvement in device performance is likely
to positively impact clinical outcome.

During long-term follow-up of up to 15 years, the risk of
stroke or death after transcatheter treatment of PFO
with or without associated ASA was <1% per year. The
low recurrence rate corresponds with the long-term
outcome (mean follow-up of 9.2 + 3.0 years) previously
described by our group [28] and compares favourably
with medical treatment [11, 29].

However, the three randomised trials completed so far,
CLOSURE (Evaluation of the STARFlex septal closure
system in patients with a stroke and/or transient is-
chaemic attack due to presumed paradoxical embo-
lism through a patent foramen ovale) [12], RESPECT
(Randomized evaluation of recurrent stroke compar-
ing PFO closure to established current standard of care
treatment) [13], and PC trial (Percutaneous closure of
patent foramen ovale and cryptogenic embolism) [14],
were negative with regards to their primary endpoints.
It is of note that CLOSURE had important methodologi-
cal weaknesses, particularly the presumably high rate
of residual shunt owing to the use of the STARFlex oc-
cluder and the short follow-up period (<2 years). None-
theless, secondary analyses of RESPECT (e.g., per proto-
col or as treated cohort) demonstrated more favourable
outcomes in the closure group. Importantly, several
dedicated meta-analyses reported superiority of de-
vice closure with the Amplatzer PFO Occluder,
enforcing the crucial role of device selection [30, 31]. In
the PC trial, obvious overestimation of the recurrence
rate at 4 years of follow-up (12 vs 5.2% in the medical
group) led to a clear lack of power preventing the study
from reaching statistical significance. The long-term
outcomes described in our study provided further evi-
dence that recurrent embolic events after percutane-
ous PFO closure for treatment of cryptogenic embo-
lism are rare.

Conclusions

Despite the high periprocedural complication and
residual shunt rates, percutaneous PFO closure using
the Sideris Occluder presented no long-term safety
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concern. The rate of recurrent events 10 years after per-
cutaneous PFO closure is low.

Limitations

Since both PFO and cryptogenic stroke are prevalent
conditions, they may coexist without causal relation-
ship in many patients. Percutaneous PFO closure in pa-
tients with falsely PFO-related strokes will not influ-
ence recurrent embolic events, a circumstance likely
to contribute to the small recurrence rate despite suc-
cessful PFO closure in our and other series. Nonethe-
less, these patients will be protected against true para-
doxical embolism. It has to be emphasised that the
true therapeutic efficacy of percutaneous PFO closure
as adjunct or alternative to medical treatment can only
be ascertained by randomised studies.

Remark

The abstract of this manuscript was displayed as a
poster on 31st August 2010 at the occasion of the Euro-
pean Congress of Cardiology in Stockholm, Sweden,
and as such published in European Heart Journal (DOI:
http://dx.doi.org/10.1093/eurheartj/ehq289 589-871;
First published online: 28 August 2010).
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H.P.M.and B.M. have received research grants from and are part ofa
speaker bureau for St. Jude Medical.

References

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 ] Med. 1988;318:1148-52.

Webster MW, Chancellor AM, Smith HJ, Swift DL, Sharpe DN,
Bass NM, et al. Patent foramen ovale in young stroke patients.
Lancet. 1988;2:11-2.

Overell JR, Bone |, Lees KR. Interatrial septal abnormalities

and stroke: a meta-analysis of case-control studies. Neurology.
2000;55:1172-9.

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.

Handke M, Harloff A, Olschewski M, Hetzel A, Geibel A. Patent
foramen ovale and cryptogenic stroke in older patients. N Engl ]
Med. 2007;357:2262-8.

MasJL, 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 ] Med.
2001;345:1740-6.

Khairy P, O'Donnell CP, Landzberg MJ. Transcatheter closure ver-
sus medical therapy of patent foramen ovale and presumed para-
doxical thromboemboli: a systematic review. Ann Intern Med.
2003;139:753-60.

[y

N

w

IS

%

(o))

~

8 Mas]L, Zuber M. Recurrent cerebrovascular events in patients with
Correspondence: patent foramen ovale, atrial septal aneurysm, or both and crypto-
Bernhard Meier, MD, genic stroke or transient ischemic attack. French Study Group on
FACC, FESC Patent Foramen Ovale and Atrial Septal Aneurysm. Am Heart J.
Professor and Chairman 1995;130:1083-8.
of Cardiology 9 Windecker S, Wahl A, Nedeltchev K, Arnold M, Schwerzmann M,
Swiss Cardiovascular Seiler C, et al. Comparison of medical treatment with percutane-
Center Bern ous closure of patent foramen ovale in patients with cryptogenic
University Hospital stroke. ] Am Coll Cardiol. 2004;44:750-8.
CH-3010 Bern 10 Wohrle]. Closure of patent foramen ovale after cryptogenic stroke.

bernhard.meier[at]insel.ch Lancet. 2006;368:350-2.

11

1

[}

1

w

14

1

v

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Wahl A, Juni P, Mono ML, Kalesan B, Praz F, Geister L, et al. Long-
term propensity score-matched comparison of percutaneous
closure of patent foramen ovale with medical treatment after
paradoxical embolism. Circulation. 2012;125:803-12.

Furlan AJ, Reisman M, Massaro ], Mauri L, Adams H, Albers GW, et
al. Closure or medical therapy for cryptogenic stroke with patent
foramen ovale. N Engl ] Med. 2012;366:991-9.

Carroll JD, Saver JL, Thaler D, Smalling RW, Berry S, MacDonald LA,
E, et al. Closure of patent foramen ovale versus medical therapy
after cryptogenic stroke. N Engl ] Med. 2013;368:1092-100.

Meier B, Kalesan B, Mattle HP, Khattab AA, Hildick-Smith D, Dudek
D, et al. Percutaneous closure of patent foramen ovale in crypto-
genic embolism. N Engl ] Med. 2013;368:1083-91.

Pearson AC, Labovitz AJ, Tatineni S, Gomez CR. Superiority of
transesophageal echocardiography in detecting cardiac source of
embolism in patients with cerebral ischemia of uncertain etiology.
J Am Coll Cardiol. 1991;17:66-72.

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 thrombo-
embolic events. Circulation. 2000;101:893-8.

Martin F, Sanchez PL, Doherty E, Colon-Hernandez PJ, Delgado G,
Inglessis, et al. Percutaneous transcatheter closure of patent fora-
men ovale in patients with paradoxical embolism. Circulation.
2002;106:1121-6.

Braun MU, Fassbender D, Schoen SP, Haass M, Schraeder R, Scholtz
W, et al. Transcatheter closure of patent foramen ovale in patients
with cerebral ischemia. ] Am Coll Cardiol. 2002;39:2019-25.

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]. 2004;25:424-30.

Koenig P, Cao QL, Heitschmidt M, Waight DJ, Hijazi ZM. Role of in-
tracardiac echocardiographic guidance in transcatheter closure of
atrial septal defects and patent foramen ovale using the Amplatzer
device.] Interv Cardiol. 2003;16:51-62.

Onorato E, Melzi G, Casilli F, Pedon L, Rigatelli G, Carrozza A, et al.
Patent foramen ovale with paradoxical embolism: mid-term
results of transcatheter closure in 256 patients. ] Interv Cardiol.
2003;16:43-50.

Wahl A, Praz F, Seiler C, Windecker S, Meier B. Clinical relevance of
coronary angiography at the time of percutaneous closure of a
patent foramen ovale. Catheter Cardiovasc Interv. 2007;70:641-5.
Wahl A, Tai T, Praz F, Schwerzmann M, Seiler C, Nedeltchev K, et al.
Late results after percutaneous closure of patent foramen ovale for
secondary prevention of paradoxical embolism using the am-
platzer PFO occluder without intraprocedural echocardiography:
effect of device size. JACC Cardiovasc Interv. 2009;2:116-23.
Schwerzmann M, Windecker S, Wahl A, Mehta H, Nedeltchev K,
Mattle H, et al. Percutaneous closure of patent foramen ovale: im-
pact of device design on safety and efficacy. Heart. 2004;90:186-90.
Thaman R, Faganello G, Gimeno JR, Szantho GV, Nelson M, Curtis S,
et al. Efficacy of percutaneous closure of patent foramen ovale:
comparison among three commonly used occluders. Heart.
2011;97:394-9.

Taaffe M, Fischer E, Baranowski A, Majunke N, Heinisch C, Leetz M,
et al. Comparison of three patent foramen ovale closure devices in
arandomized trial (Amplatzer versus CardioSEAL-STARflex versus
Helex occluder). Am | Cardiol. 2008;101:1353-8.

Krumsdorf U, Ostermayer S, Billinger K, Trepels T, Zadan E, Hor-
vath 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.] Am Coll Cardiol. 2004;43:302-9.
Mono ML, Geister L, Galimanis A, Jung S, Praz F, Arnold M, et al.
Patent foramen ovale may be causal for the first stroke but unre-
lated to subsequent ischemic events. Stroke. 2011;42:2891-5.
Homma S, Sacco RL. Patent foramen ovale and stroke. Circulation
2005;112:1063-72.

Stortecky S, da Costa BR, Mattle HP, Carroll ], Hornung M, Sievert
H, et al. Percutaneous closure of patent foramen ovale in patients
with cryptogenic embolism: a network meta-analysis. Eur Heart J.
2015;36:120-8.

Ntaios G, Papavasileiou V, Makaritsis K, Michel P. PFO closure

vs. medical therapy in cryptogenic stroke or transient ischemic
attack: a systematic review and meta-analysis. Int ] Cardiol.
2013;169:101-5.

CARDIOVASCULAR MEDICINE - KARDIOVASKULARE MEDIZIN - MEDECINE CARDIOVASCULAIRE 2016;19(1):19-24 EMHMedia



