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Introduction
The board of the Netherlands Society of Cardiology appointed a committee to establish a
consensus statement on the closure of patent foramen ovale (PFO). The board has been
asked by the Ministry of Health, Welfare and Sports to give a recommendation on the
indications and performance of PFO closure after the Healthcare Inspectorate advised the
Ministry on the concentration of care in congenital heart disease in 2009 in which closure of
PFO’s was not included, but was assumed to be related to the percutaneous closure of atrial
septal defects. One of the recommendations of the Inspectorate was to establish national
guidelines on PFO closure.
The committee consisted of interventional cardiologists, imaging cardiologists, and a
neurologist on behalf of the Netherlands Society of Neurology.
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PFO and stroke
About a third of ischemic cerebral vascular accidents is cryptogenic, meaning that no cause
could be found after thorough neurological and vascular analysis1. Retrospective studies
have suggested an association between the presence of cryptogenic stroke and the presence
of a patent open foramen ovale2,3,4. This association is strongest in younger patients and if
an additional atrial septal aneurysm (ASA) is present5,6. PFO prevalence in the general
population is 20-30% and decreases with age. However, the presence of PFO does not lead
to an increased risk of stroke in the general population7,8, 9. In observational studies the risk
of recurrent stroke in patients with a recent TIA or minor ischemic stroke and a PFO or ASA
was increased only in patients with PFO and ASA < 55 years10,11,12,13
Right-to-left shunting of trombo-embolic material via the PFO is the pathophysiological
mechanism through which the presence of PFO is associated with ischemic stroke and
transient ischemic accident. Certain clinical events increase the risk1,14. Closure of PFO
would therefore be a logical way to reduce the risk of recurrent strokes in addition to
medical therapy.
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The literature contains many reports on the effects of percutaneous closure of PFO15. These
retrospective studies mainly show a benefit of closure of PFO over medical therapy alone,
but methodological issues like non randomisation or selection bias flaw many. Several metaanalyses show conflicting efficacy of PFO closure in the prevention of stroke.
Until now, three prospective randomized controlled trials have shown that PFO closure in
patients with ischemic cryptogenic stroke is not superior to medical therapy16,17,18. A post
hoc subgroup analysis of the RESPECT trial showed that in patients aged < 45 years, in
patients with substantial right-to-left shunting and in patients using acetylsalicylic acid only
PFO closure was better than medical therapy18. After per-protocol and as-treated analysis
PFO closure also seemed superior to medical therapy18. Device type (Amplatzer device
versus Starflex device) might play a role in PFO-closure efficacy19. Several meta-analyses
using these three randomized trial data show conflicting results as to the statistical
significance of the treatment efficacy. A recent meta-analysis using individual patient data
found among 2,303 patients that closure was not significantly associated with the primary
composite outcome (recurrent stroke, transient ischemic attack and death), but the
difference became significant after covariate adjustment20. In this study the recurrence rate
of stroke was low (0.98 per 100 patient-years in both arms). Incidence of atrial fibrillation
during follow-up was 2-3 times higher in the device closure group and might be the
unrecognized ethology of the index stroke, stressing the need for a thorough diagnostic
work-up before classifying the index event as cryptogenic stroke.
Taking these results into consideration it might be that certain patients might profit from
PFO device closure. The Risk of Paradoxical Embolism score (RoPE) is a score that is based on
a model study using data from 12 different studies21. This score can estimate the PFO
attributable stroke risk based on age, absence of classical risk factors for atherosclerosis and
the presence of cortical infarction21,22. The maximum score is 10 (i.e. young, no risk factors,
cortical infarction) and the minimum score is 0 (elderly, risk factors, no cortical infarction).
A RoPE score = 6 has been associated with PFO attributable risk of 62% (95% confidence
interval 54-68%) and a 2 year risk of stroke recurrence of 8%. A score = 8 denotes a PFO
attributable risk of 84% (confidence interval 79-87%) and a 2 year risk of stroke recurrence
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of 6%. As the RoPE score has not yet been validated in another cohort, it can be assumed
that the PFO attributable risk at a certain score in the prospective population will be lower
and it might be more appropriate to use RoPE > 8 for risk stratification, the RoPE score can
help with the selection of patients, who will benefit from percutaneous PFO closure.

Recommendations concerning the percutaneous closure of a
persistent open foramen ovale in cryptogenic stroke
Class III level of evidence A
Closure of a persistent foramen ovale is NOT beneficial in unselected patients with transient
ischemic attack or cryptogenic stroke
Class IIa level of evidence A
Closure of a persistent foramen ovale should be considered in patients with transient
ischemic attack or cryptogenic stroke and a ROPE score > 8* (evidence C) and at least one
clinical riskfactor**
Class IIb level of evidence A
Closure of a persistent foramen ovale may be considered in patients with transient ischemic
attack or cryptogenic stroke and having a ROPE score > 6* (evidence C) and at least one
clinical riskfactor**
*RoPE score, risk of paradoxical embolism-score: absence of a history of hypertension (1 point),
absence of a history of diabetes mellitus (1 point), absence of a history of stroke or TIA (1 point),
nonsmoker (1 point), presence of cortical lesion on imaging (1 point), the patient is aged 18-29 years
(5 points) or aged 30-39 years (4 points) or aged 40-49 years (3 points) or 50-59 years (2 points) or 6069 years (1 point) or > 70 years (0 points)
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**clinical risk factors: large shunt, atrial septal aneurysm, multiple ischemic lesions on CT or MR,
recurrent clinical events, history of deep venous thrombosis, pulmonary embolism and/or
thrombophilia, Valsalva-associated embolic events, ischemic event on arousal, long
travel/immobilization associated event or simultaneous systemic and pulmonary event.
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PFO and scuba diving
Decompression illness is one of the risks of professional and recreational diving. After too
fast ascent from high pressure depth inert gases (i.e. nitrogen) dissolved in tissues and blood
under high pressure will come out of solution and form gas-bubbles. Although the incidence
of decompression sickness is rare, estimated at 2.8 cases per 10,000 dives, with the risk 2.6
times greater for males than for females, the presence of PFO might lead to venous bubbles
entering the arterial circulation causing cerebral or myocardial infarction23,24,25. Recurrent
neurological decompression illness was associated with the presence of a large shunt and
the lack of using a more conservative diving approach26. Prevention of decompression illness
is possible through proper decompression procedures and prevention of arterial gas
embolism by closure of the PFO27.

Recommendations concerning the percutaneous closure
of a persistent open foramen ovale in scuba diving*
Class IIb level of evidence C
Closure of a persistent foramen ovale with large right-to-left shunt might be considered
in divers.

*Currently the working group on cardiology and sports is preparing a guideline on diving
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**
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PFO and ortho-deoxy platypnea
Ortho-deoxy platypnea is a syndrome, in which dyspnoea and oxygen desaturation of blood
occurs in upright position and resolves in the prone position 28,29. It can be due to right-toleft shunting intracardiac shunting through a PFO, pulmonary vascular shunting of
ventilation-perfusion mismatch due to pulmonary parenchymal disease. In cases with PFO
most are patients with additional pulmonary diseases such as pneumonectomy, pulmonary
embolism, other chronic lung diseases or aortic root disease. Closure of PFO in the absence
of pulmonary hypertension, either by surgery or by percutaneous closure has been reported
to be effective30.

Recommendations concerning the percutaneous closure
of a persistent open foramen ovale in ortho -deoxy
platypnea
Class Ia level of evidence C
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Closure of a persistent foramen ovale is recommended in symptomatic patients with
ortho-deoxy platypnea syndrome without pulmonary hypertension.
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Conclusion
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This committee of the Netherlands Society of Cardiology for the formulation of a consensus
statement concerning percutaneous closure of PFO, considering the evidence available at
present, acknowledges the potential clinical benefit of percutaneous closure for the
prevention of recurrent embolic stroke in selected patients. The nature of the stroke needs
to be documented and careful evaluation and exclusion of other potential causes of stroke,
especially paroxysmal atrial fibrillation, is strongly recommended. In young patients, in the
absence of other potential risk factors for stroke, percutaneous PFO closure can be
considered. The RoPE score may be used for documenting the likelihood of a causal
relationship of the PFO and for establishing an indication for percutaneous closure. This
procedure should only be performed in highly experienced centres by experienced teams.
This consensus statement committee will monitor the literature and will evaluate these
recommendations when new scientific evidence mandates revision.

Pagina 7 van 10

08-03-2017

Literature
1

Li, L, Yiin, GS, Geraghty, OC, et al. on behalf of the Oxford Vascular Study. Incidence,
outcome, risk factors, and long-term prognosis of cryptogenic transient ischaemic attack and
ischaemic stroke: a population-based study. Lancet Neurol. 2015; (published online July 28.)
http://dx.doi.org/10.1016/S1474-4422(15)00132-5.
2

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 1984,59:1720.
3

Homma S, Sacco RL: Patent foramen ovale and stroke. Circulation 2005, 112:1063-1072. 5.

4

Meissner I, Whisnant JP, Khandheri BK, 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, 74:862869
5

Overell JR, Bone I, Lees KR: Interatrial septal abnormalities and stroke: a meta-analysis of
case-control studies. Neurology 2000, 55:1172-1179. 10.,
6

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.
7

DiTullio M, Sacco RL, Gopal A, Mohr JP, Homma S: Patent foramen ovale as a risk factor for
cryptogenic stroke. Ann Intern Med 1992, 117:461-465. 7.
8

Meissner I, Khandheria BK, Heit JA, et al. Patent foramen ovale: innocent or guilty?
Evidence from a prospective population-based study.J Am Coll Cardiol. 2006, 17;47(2):440-5.
9

Petty GW, Khandheria BK, Meissner I, Whisnant JP, Rocca WA, Christianson TJ, Sicks JD,
O'Fallon WM, McClelland RL, Wiebers DO. Population-based study of the relationship
between patent foramen ovale and cerebrovascular ischemic events. Mayo Clin Proc. 2006
May; 81(5):602-8
10

Lamy C, Giannesini C, Zuber, M, Arquizan C, Meder, JF, Trystram D, Coste J, Mas JL MD.
Clinical and imaging findings in cryptogenic stroke patients with and without patent foramen
ovale: the PFO-ASA Study. Atrial Septal Aneurysm. Stroke. 2002;33:706-711.

Leidraad PFO-sluiting

11

Mas JL, Arquizan C, Lamy C, Zuber M, Cabanes L, Derumeaux G, Coste J, Patent Foramen
Ovale and Atrial Septal Aneurysm Study Group: Recurrent cerebrovascular events associated
with patent foramen ovale, atrial septal aneurysm, or both. New England Journal of
Medicine 2001, 345:1740-1746.
12

Homma S, Sacco RL: Patent foramen ovale and stroke. Circulation 2005, 112:1063-1072

13

Serena J, Marti-Fàbregas J, Santamarina E, Rodríguez JJ, Perez-Ayuso MJ, Masjuan J,
Segura T, Gállego J, Dávalos A; CODICIA, Right-to-Left Shunt in Cryptogenic Stroke Study;

Pagina 8 van 10

08-03-2017

Stroke Project of the Cerebrovascular Diseases Study Group, Spanish Society of Neurology.
Stroke. 2008 Dec; 39(12):3131-6.
14

Pristipino C, Anzola GP, Ballerini LP, et al. Management of patients with patent foramen
ovale and cryptogenic stroke: A collaborative, multidisciplinary, position paper.
Catheterization Cardiovasc Interv 2013;82:E38–E51
15

Windecker S, Stortecky S, Meier B. Paradoxical Embolism, J Am Coll Cardiol 2014;64:403–
15)
16

Furlan AJ, Reisman M, Massaro J, Mauri L, Adams H, Albers GW, Felberg R, Herrmann H,
Kar S, Landzberg M, Raizner A, Wechsler L; CLOSURE I Investigators. Closure or medical
therapy for cryptogenic stroke with patent foramenovale. N Engl J Med. 2012;366:991-9.
17

Meier B, Kalesan B, Mattle HP, et al. PC Trial Investigators. Percutaneousclosure of patent
foramen ovale in cryptogenic embolism. N Engl J Med. 2013;368:1083-91.
18

Carroll JD, Saver JL, Thaler DE, et al.; RESPECT Investigators. Closure of patent foramen
ovale versus medical therapy after cryptogenic stroke. N Engl J Med. 2013; 368:1092-100.
19

Stortecky S, da Costa BR, Mattle HP, Carroll J, Hornung M, Sievert H, Trelle S, Windecker S,
Meier B, Jüni P. Percutaneous closure of patent foramen ovale in patients with cryptogenic
embolism: a network meta-analysis. Eur Heart J. 2015 Jan 7; 36(2): 120-8.
20

Kent DM, Dahabreh IJ, Ruthazer R, et al. Device Closure of Patent Foramen Ovale After
Stroke: Pooled Analysis of Completed Randomized Trials. J Am Coll Cardiol 2016;67(8):90717.
21

Kent DM, Thaler DE, for RoPE Study Investigators. The Risk of Paradoxical Embolism (RoPE)
Study: Developing risk models for application to ongoing randomized trials of percutaneous
patent foramen ovale closure for cryptogenic stroke. Trials 2011, 12:185
22

DM Kent, Ruthazer R, Weimar C, et al. An index to identify stroke-related vs incidental
patent foramen ovale in cryptogenic stroke. Neurology 2013;81;619-625.
23

Marx, John (2010). Rosen's emergency medicine: concepts and clinical practice (7th ed.).
Philadelphia, PA: Mosby/Elsevier. ISBN 978-0-323-05472-0

Leidraad PFO-sluiting

24

Wilmshurst PT, Byrne JC and Webb-Peploe MM. Relation between interatrial shunts and
decompression sickness in divers. Lancet 1989; 2: 1302-1306
25

Moon RE, Kisslo JA, Massey EW, Fawcett TA and Theil DR. Patent foramen ovale (PFO) and
decompression illness. Undersea Biomed Res 1991; 18 (Suppl): 15
26

Gempp E, Louge P, Blatteau JE, Hugon M. Risks factors for recurrent neurological
decompression sickness in recreational divers: a case-control study. J Sports Med Phys
Fitness. 2012;52(5):530-6.
Pagina 9 van 10

08-03-2017

27

Wilmshurst P, Walsh K and Morrison L. Transcatheter occlusion of foramen ovale with a
button device after neurological decompression illness. Lancet 1996;348:752–753.
28

Burchell HB, Helmholz HFJ, Wood EH. Reflex orthostatic dys- pnea associated with
pulmonary hypertension. Am J Physiol. 1949;159:563–4.
29

Nassif M, Lu H, Konings TC, Bouma B, Vonk Noordegraaf A, Straver B, Blom N, Clur,
NA, Backx APCM, Groenink M, Boekholdt SM, Koolbergen DR, Hazekamp MG , Mulder BJM,
de Winter RJ. Platypnoea-orthodeoxia syndrome, an underdiagnosed cause of hypoxaemia:
four cases and the possible underlying mechanisms . Neth Heart J 2015; Jul 14. Epub ahead
of print
30

Leidraad PFO-sluiting

Guérin P, Lambert V, Godart, FTranscatheter Closure of Patent Foramen Ovale in Patients
with Platypnea-Orthodeoxia: Results of a Multicentric French Registry. CardioVascular and
Interventional Radiology 2005;28:164-168.

Pagina 10 van 10

08-03-2017

