
Editorial S W I S S  M E D  W K LY 2 0 0 8 ; 13 8 ( 3 9 – 4 0 ) : 5 6 4 – 5 6 6 ·  w w w. s m w. ch 564

Percutaneous closure of patent foramen ovale

The association of patent foramen ovale
(PFO) with morbidity in adulthood, especially
cryptogenic stroke in young patients (who present
a three- to fourfold prevalence of PFO) has now
been known for twenty years [1, 2]. Since then
various special anatomical features have been de-
scribed which predispose to morbidity in patients
with patent foramen ovale, including atrial septal
aneurysm [3], large PFO size [4], prominent eu-
stachian valve [5] and thrombogenic state [6, 7].

In the last 20 years of active search for PFO-
associated diseases a number of morbidities have
been more or less conclusively shown to be asso-
ciated with PFO: 
– cryptogenic stroke and transitory ischaemic

attacks (TIAs)
– transitory global amnesia
– peripheral arterial embolism 
– myocardial infarction with normal coronary

arteries
– decompression illness in divers and pilots
– migraine with aura
– platypnoea-orthodeoxia syndrome
– stroke/TIA associated with pulmonary em-

bolism and/or prothrombotic states
– hypoxia in sleep apnoea, COPD and

bronchial asthma or after LVAD implantation
– ischaemic colitis
– recurrent brain abscess 
– left heart valvular disease in carcinoid syn-

drome
While in the early days interventional closure

systems were used that were not specifically de-
signed, developed or adapted for PFO closure, a
growing number of more specific PFO closure
systems using very different technologies and im-
plantation techniques have been developed and
evaluated within the last ten years. The spectrum
covers umbrella devices, radiofrequency applica-
tion and suture techniques, and ranges from sys-
tems with relatively large amounts of bulky for-
eign material to minimised, very soft and thin sys-
tems and even biodegradable devices. 

For most associated morbidities it is not yet
definitely known what the statistical benefit of
PFO closure in a valid cohort of patients might
be. Still, outcomes in individual cases are very in-
triguing and highly suggestive of major benefit
from PFO closure in various pathologies,
prompting patients and their physicians to refuse
randomisation into clinical trials and thus render-
ing the results of these trials less accurate, what-
ever the final result may be. 

However, the answer to the question whether
the intervention favourably influences the natural
course of PFO-associated disease mainly depends

on two factors: the likelihood that the association
is a causal relationship; and the probability that
the intervention involves a considerably lower
short and long term complication rate as com-
pared to the natural disease course. 

The list of potential complications is long and
some of them are fairly disquieting:
– device embolisation (0.5–1.0%)
– thrombotic material on device (0.4–0.6%)
– thromboembolism and recurrences (0–4.9%)
– atrial fibrillation (2–4% in the first few weeks;

may be unrelated to closure)
– perforation/arrosion (0–0.5%)
– pulmonary embolism (more probable in

thrombophilia)
– air embolism 
– atrioventricular block
– residual shunts (0–35%)
– retroperitoneal bleeding
– sudden death
– retropharyngeal haematoma (intubation

trauma)
– compromise of AV valves
– partial obstruction of superior vena cava 
– haemolysis
– silent cerebral microemboli [8]

To date not one randomised trial has fur-
nished proof of the benefit of PFO closure.

The best database exists for PFO and crypto-
genic stroke. The vast majority of clinically indi-
cated PFO closures were performed for presumed
paradoxical brain embolism as the only or the
most likely pathophysiology causing TIA or
stroke in the patient’s individual history. The re-
currence rate of stroke or TIA in patients with
PFO and atrial septal aneurysm (ASA) was 4.4
events per year in the initial study by Mas [9] or
4.8% in the Lausanne study [10], while the recur-
rence rate in PFO without ASA is reported to be
in the range of 1–1.5% per year. While acknowl-
edging that up to 25% of cryptogenic strokes
recur within 4 years, the 2007 Food and Drug 
Administration Circulatory System Devices Panel
regarded the data on the association between
PFO and stroke overall, as well as cryptogenic
stroke, as controversial [11]. Thus PFO closure is
still a matter for debate even for the leading indi-
cation, and therefore the question of safety is of
key importance when discussing the rationale of
PFO closure. At present the rate of serious com-
plications is reported to lie in the range of 1.5%,
limiting any major benefit within the first year in
patients with simple PFO. 

Long term benefits and complications be-
yond one year are more difficult to evaluate, and
the evaluation is further complicated by the fact
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that the recurrence rate after PFO closure in
cryptogenic stroke is by no means 0%, while ad-
mittedly it is reduced to about half the event rate
in retrospective comparative data analyses. Only
one study reported a very low recurrence rate,
which it explains by the consequent exclusion of
patients with even mild atherosclerosis who were
included in all the other series. This study, provid-
ing a carefully selected and exquisitely homoge-
neous patient population, was meant as a trial
proofing of the concept that paradoxical emboli
can be avoided by PFO closure. It reported an an-
nual recurrence rate of only 0.16% [12, 13]. 

Most investigators advise two imaging tech-
niques for safe placement of the PFO occluder,
and several reports exist in which intracardiac
echocardiography is preferred as the second im-
aging tool in addition to fluoroscopy. In this issue
of the journal the authors propose dispensing
with echocardiography altogether and using fluo-
roscopy as the only guidance for device implanta-
tion. They ensure proper implantation by apply-
ing contrast through the delivery sheath into the
right atrium after implantation and before release
of the device. 

Simplifying surgical and interventional tech-
niques can lead to improved standards of care,
easier adjustment to measures of quality control, a
focus on key issues of procedure, improvements
in aspects of teaching and, last but not least, more
economical use of resources. Whether or not sim-
plification of techniques finally brings benefit or
harm for the patient can best be decided in the
light of the early and late results and complication
rates. Also to be evaluated is whether the pro-
posed change of technique is applicable to all
types of device. 

Wahl and coworkers present one of the
largest monocentric series of patients who under-
went PFO closure [14]. Overall they report a
residual shunt rate of 12%. For the device used in
the largest subgroup, comprising 83% of all pa-
tients in whom PFO closure was performed, a
residual shunt rate of 10% with the AGA Medical
PFO occluder is reported at a minimum of 6
months post implantation, a point of time when a
definite result is usually achieved. 

Residual shunt rate is one of the most impor-
tant parameters for checking the effectiveness of
therapy, since residual shunt is associated with an
at least 3- to 4-fold increase in the recurrence rate
[15–19]. Hence every effort should be undertaken
to minimise residual shunts. With some new de-
vices allowing the configuration to be adapted
during implantation on the basis of anatomy (eg
the Premere Device) transoesophageal echocar-

diography is very helpful, while in more fixed
configuration devices such as the Amplatzer PFO
devices this may be less important or even unim-
portant. The rate of residual shunts at six months
reported by Wahl lies within the upper range of
rates that have been reported from trials mainly
using the AGA PFO occluder, and some groups
have reported considerably lower residual shunt
rates [13, 20]. 

Further, the adjunctive information from on-
line transoesophageal echocardiography during
implantation may make it possible to use the
smallest device feasible, thus improving the com-
plete closure rate (which is negatively correlated
to device size even in the series by Wahl in this
issue) and simultaneously reduce the long term
myocardial or aortic arrosion rate. 

The overall rate of major procedural compli-
cations has been reported to approximate 1.5%
[21] in ten published studies, while Wahl reports
2.2%. However, his rate also included periproce-
dural complications without long term sequelae,
which have so far been underreported by others.
Thus the overall procedure itself is apparently
safe even without TEE or intracardiac echocar-
diography. 

However, for the occluders above 30 mm in
diameter the procedural complication rate rose to
6.6% and the residual shunt rate to 26%, and in
patients with atrial septal aneurysms the six
months shunt rate rose to 17%, indicating that
larger PFOs and patients with ASA may be partic-
ularly prone to procedural complications and the
risk of only partially successful implantations. In
these subgroups, and also with newer devices, 
it may be advisable to perform online trans -
oesophageal or intracardiac echocardiography. 

Nonetheless the study by Wahl et al. shows
that, for simple PFO closures with the AGA med-
ical PFO occluder, safe occlusion is possible using
fluoroscopy as the only imaging tool.

Franz Xaver Kleber, Anna Stretz

Departement Internal Medicine, 
Unfallkrankenhaus, Berlin, Germany

Correspondence:
Prof Dr. med. Franz Xaver Kleber
Department Internal Medicine
Unfallkrankenhaus Berlin
Warener Strasse 7
D-12683 Berlin
fxkleber@ukb.de

564-566 Editorial 12395.qxp  25.9.2008  10:49 Uhr  Seite 565



566Percutaneous closure of patent foramen ovale

1 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.

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

3 Mugge A, Daniel WG, Angermann C, Spes C, Khandheria BK,
Kronzon I, et al. Aterial septal aneurysm in adult patients. A
multicenter study using transthoracic and transesophageal
echocardiography. Circulation. 1995;91:2785–92.

4 Lamy C, Giannesini C, Zuber M, Arquizan C. Meder JF, Trys-
tram D, et al. Clinical and Imaging Findings in Cryptogenic
Stroke Patients With and Without Patent Foramen Ovale:
The PFO-ASA Study. Stroke. 2002;33:706–11.

5 Schuchlenz HW, Saurer G, Weihs W, Rehak P. Persisting eu-
stachian valve in Adults: relation to patent foramen ovale and
cerebrovascular events. J Am Soc Echocardiogr. 2004;17:231–
3.

6 Karttunen V, Hiltunen L, Rasi V, Vahtera E, Hillbom M. Fac-
tor V Leiden and prothrombin gene mutation may predispose
to paradoxical embolism in subjects with patent foramen ovale.
Blood Coagul Fibrinolysis. 2003;14:261–8.

7 Botto N, Spadoni I, Giusti S, Ait-Ali L, Sicari R, Andreassi
MG. Prothrombotic mutations as risk factors for cryptogenic
ischemic cerebrovascular events in young subjects with patent
forarmen ovale. Stroke. 2007;38(7):2070–3. Epub 2007 May
24.

8 Dorenbeck U, Simon B, Skowasch D, Stüsser C, Gockel A,
Schild HH, Urbach H, Bauriedel G. Cerebral embolism with
interventional closure of symptomatic patent foramen ovale:
an MRI-based study using diffusion-weighted imaging. Eur J
Neurol. 2007;14(4):451–4.

9 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;130:1083–8.

10 Mas JL Arquizan C, Lamy C, Zuber M, Cabanes L,
Derumeaux G, et al. Recurrent cerebrovascular events associ-
ated with patent foramen ovale, atrial septal aneurysm, or both.
N Engl J Med. 2001;345:1740–6.

11 Slotto 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(6):677–82. Review

12 Bruch L, Parsi A, Grad MO, Rux S, Burmeister T, Krebs H, et
al. Transcatheter closure of interatrial communications for sec-
ondary prevention of paradoxical embolism: single-center ex-
perience. Circulation. 2002;105:2845–8.

13 Dubiel M, Bruch L, Liebner M, Schmehl I, Winkelmann A,
Rux S, et al. Exclusion of Patients with Arteriosclerosis Re-
duces Long-Term Recurrence Rate of Presumed Arterial Em-
bolism after PFO Closure. J Interv Cardiol. 2007;20:275–81.

14 Wahl A MD, Praz F, Stirnimann J MD, Windecker S MD,
Seiler C MD, Nedeltchev K MD, et al. Safety and Feasibility of
Percutaneous Closure of Patent Foramen Ovale Without
Intra-Procedural Echocardiography in 825 Patients. Swiss
Medical Weekly 2008.

15 Luermann JG, Post MC, Schräder R, Sluysmans T, Vydt T,
Vermeersch P, Chessa M, Onorato E, Goy JJ, Budts WI. Out-
come after percutaneous closure of a patent foramen ovale
using the Intrasept device: a multi-centre study. Cath Cardiov
Interv. 2008;71(6):822–8.

16 Wahl A, Kunz M, Moschovitis A, Nageh T, Schwerzmann M.
Seiler C, et al. Long-term results after fluoroscopy-guided clo-
sure of patent foramen ovale for secondary prevention of para-
doxial embolism. Heart 2008;94(3):336–41. Epub 2007 Jul 16.

17 Martin F, Sanchez PL, Doherty E, Colon-Hernandez PJ, Del-
gado G, Inglessis I, et al. Percutaneous transcatheter closure of
patent foramen ovale in patients with paradoxical embolism.
Circulation. 2002;106:1121–6.

18 Sievert H, Horvath K, Zadan E, Krumsdorf U, Fach A, Merle
H, et al. Patent foramen ovale closure in patients with transient
ischemic attack/stroke. J Interv Cardiol. 2001;14:261–6.

19 Hung J, Landzberg MJ, Jenkins KJ, King ME, Lock JE, Pala-
cios IF, et al. Closure of patent foramen ovale for paradoxical
emboli: intermediate-term risk of recurrent neurological
events following transcatheter device placement. J Am Coll
Cardiol. 2000;35:1311–6.

20 Beitzke A, Schuchlenz H, Beitzke M, Gamillscheg A, Stein HI,
Zartner P. Interventional occlusion of foramen ovale and atrial
septal defects after paradoxiacal embolism incidents. Z Kardiol.
2002;91:693–700.

21 Khairy P, O’Donnell CP, Landzberg M. Transcatheter Closure
versus Medical Therapy of Patent Foramen Ovale and Pre-
sumed Paradoxial Thromboemboli. Ann Intern Med. 2003;
139:753–60.

References

564-566 Editorial 12395.qxp  25.9.2008  10:49 Uhr  Seite 566



Official journal of the Swiss Society of Infectious Diseases, 
the Swiss Society of Internal Medicine and the Swiss Respiratory Society

Supported by the FMH (Swiss Medical Association) and by Schwabe AG, 
the long-established scientific publishing house founded in 1488Editores Medicorum Helveticorum

E s t a b l i s h e d  i n  1 8 7 1

F o r m e r l y :  S c h w e i ze r i s c h e  M e d i z i n i s c h e  W o c h e n s c h r i f t

S w i s s  M e d i c a l  W e e k l y

T h e  E u r o p e a n  J o u r n a l  o f  M e d i c a l  S c i e n c e s

What Swiss Medical Weekly has to offer:

• SMW is a peer-reviewed open-access
journal

• SMW’s impact factor has been steadily 
rising. The 2007 impact factor is 1.310.

• Rapid listing in Medline
• LinkOut-button from PubMed 

with link to the full text website
http://www.smw.ch (direct link from
each SMW record in PubMed)

• No-nonsense submission – you submit 
a single copy of your manuscript by 
e-mail attachment 

• Peer review based on a broad spectrum
of international academic referees

• Assistance of professional statis ticians
for every article with statistical analyses

• Fast peer review, by e-mail exchange
with the referees 

• Prompt decisions based on weekly con-
ferences of the Editorial Board

• Prompt notification on the status of
your manuscript by e-mail

• Professional English copy editing

Editorial Board 
Prof. Jean-Michel Dayer, Geneva
Prof Paul Erne, Lucerne
Prof. Peter Gehr, Berne
Prof. André P. Perruchoud, Basel

(editor in chief)
Prof. Andreas Schaffner, Zurich 
Prof. Werner Straub, Berne (senior editor)
Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku,

 Finland
Prof. Anthony Bayes de Luna, Barcelona,

Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg,

 Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam, 

The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy

We evaluate manuscripts of broad clinical
 interest from all specialities, including
 experimental medicine and clinical investi-
 gation.

We look forward to receiving your paper!

Guidelines for authors:
http://www.smw.ch/set_authors.html

All manuscripts should be sent in electronic
form, to:

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz

Manuscripts: submission@smw.ch
Letters to the editor: letters@smw.ch
Editorial Board: red@smw.ch
Internet: http://www.smw.ch

The many reasons why you should choose SMW to publish your research 


