
Summary

Objectives: One of the less controversial indications for
percutaneous closure (C) of a patent foramen ovale
(PFO) may be reduction of recurrent cerebral throm-
boembolic events, although these may sometimes recur
after PFO-C. Hypercoagulable states are among the
less well understood causes of cryptogenic stroke (CS).
The reported prevalence of coagulopathies in patients
with PFO varies widely and there is no consensus con-
cerning their role.

Methods and results: This single centre observa-
tional study examined the prevalence of coagulopathies
in 49 consecutive patients below 65 years of age in
whom PFO-C was performed. Heterozygous mutation
of factor V (Leiden) gene was detected in 6 patients
(12%), prothrombin gene mutation in 3 patients (6%),
protein S deficiency in 1 (2%), antiphospholipid anti-
bodies in 1 (2%), and antithrombin III deficiency in
1 (2%). In all, a coagulopathy was detected in 11 pa-
tients (22.5%). During the follow-up period of 13 ± 5.5
months no cerebrovascular or other thromboembolic
event occurred.

Conclusion: Heterozygous forms of inherited coa-
gulopathies may be more frequent in patients with
PFO and CS than in the general population, thus po-
tentially contributing to the original event of paradox-
ical embolisation. Data from larger centres and meta-
analysis of existing data may help to clarify the role of
coagulopathies further.
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Introduction

The actuarial risk of recurrent thromboembolic events
after percutaneous closure of patent foramen ovale
(PFO) has been reported as approx. 1.9 to 2.7% [1–3].
In patients aged over 65 the most common causes of
stroke are extra- or intracranial atherosclerotic cere-
brovascular disease and atrial fibrillation. In younger
subjects the aetiology of stroke sometimes eludes diag-

nosis and is referred to as being
“cryptogenic”. Possible factors lead-
ing to recurrent stroke after PFO
closure may be paradoxical embo-

lism due to a residual shunt after closure [3] or to a pre-
viously undetected thrombotic or embolic cause (inter-
mittent atrial fibrillation, aortic arch plaque, extra- or
intracranial atherosclerosis, mural intraventricular
thrombi, etc. Data are scarce concerning the prevalence
of hypercoagulable states – both hereditary and ac-
quired – in patients with PFO, and even more so on
their clinical significance in patients in whom PFO has
been closed [4–6]. This may be of special interest, as
hypercoagulability may predispose to deep venous
thrombosis and paradoxical embolisation until com-
plete closure of the residual shunt. It is conceivable
that a hypercoagulable state may have an influence on
thrombus formation, especially before endothelialisa-
tion of both atrial surfaces of the device. Right-sided
thrombi may again embolise paradoxically, and left-
sided ones directly. Lastly, and unrelated to PFO-C,
homozygous hereditary coagulation disorders may be
a cause of arterio-arterial thromboembolism, for exam-
ple intracerebrally. An overview of the most important
coagulopathies, and the associated risk of thromboem-
bolic events, is presented in table 1. A “normal” throm-
bophilic status is assigned a relative risk for a venous
thromboembolic event of 1. Use of oral contraceptives
(without concomitant coagulopathies) increases the rel-
ative risk fourfold. The reported relative risk of venous
thromboembolic events shown in table 1 pertains to
heterozygous forms of the coagulopathies mentioned.
As a general rule, homozygous forms manifest them-
selves via severe thromboembolic disease at birth. Ho-
mozygous forms are thus excluded from the present
discussion. It should also be mentioned that use of oral
contraceptives in a patient with a heterozygous coagu-
lopathy markedly increases the relative risk of venous
thromboembolic events (fifteenfold in combination with
prothrombin gene mutation and up to thirtyfold with
factor V Leiden deficiency).
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Methods

49 patients aged under 65 underwent PFO-C from January
2006 to December 2008. Patients over 65 and those with an
atrial septal defect were excluded from the study since the
role of paradoxical embolisation in this subset of patients is
less well established and also controversial.
Prior to PFO closure, the following parameters, in addition to
routine clinical chemistry and haematology, were determined:
G 20210A prothrombin gene mutation, factor V Leiden gene
mutation, activated protein C resistance, protein C and S
deficiency, antithrombin III deficiency, antiphospholipid an-
tibodies (anticardiolipin antibody Ig and IgM, antibeta 2 gly-
coprotein IgG and IgM, and lupus anticoagulant) and hyper-
homocysteinaemia as previously reported [11]. As a part of
preinterventional patient information, all patients were in-

formed of the additional blood tests and had the right to re-
fuse them. All patients had undergone a clinical and imaging
workup by a neurologist prior to referral for PFO-C. Patients
were followed up for 13 ± 5.5 months. Patients were seen by
the cardiologist one (transthoracic echocardiography) and
6 months (transoesophageal echocardiography) after device
implantation. All patients were asked to report symptoms po-
tentially attributable to neurological events. No such events
were reported by either patients or attending physicians.
At discharge after PFO-C patients and their physicians were
informed of the coagulopathy and briefed on self-administra-
tion of low molecular weight heparin in special situations
(e.g., long flights, car drives, sitting at work, convalescence
after operations, etc.). All patients were instructed to use clo-
pidogrel for three months and acetylsalicylic acid for at least
one year after PFO-C.
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Table 1
Overview of the most important coagulopathies and associated thromboembolic risk (modified and adapted from [7–10]).

Thrombophilic status and prothrombotic Prevalence in the RR of venous
mechanism general population thromboembolic events

* Factor V Leiden
Factor V is resistant to inactivation by protein C 4–7% 5–7
(hence the name activated protein C resistance),
increasing coagulability (see Protein C deficiency)

* Prothrombin gene mutation
Increased amounts of thrombin and prothrombin 1–2% 3
in blood

* Protein C deficiency
(Functional or quantitative) decrease in protein C, 0.2% 7
thus reduced inactivation of factor Va and VIIIa

* Protein S deficiency
Decreased level of protein S (co-factor for protein C) 1–5% 6
and decreased degradation of factor Va and VIIIa

* Antithrombin III deficiency
(Functional or quantitative) deficiency of AT, 0.02–1.1% 5
with decreased inhibition of factors Xa, IXa, IIa, XIIa,
Xia and VIIa

Antiphospholipid antibody
Antibody subtypes: 2–4% Consensus is that risk is increased,

– Antibeta 2 glycoprotein (IgG / IgM) more precise figures lacking
– Anticardiolipin (IgG / IgM)
– Lupus anticoagulant

Primary and secondary (underlying autoimmune disease)

Hyperhomocysteinaemia
Deficiency of: 30–40% (MTHFR) 2–4% (controversial)

– Methylenetetrahydrofolate reductase
(MTHFR, more common and clinically relevant)

– Less relevant clinically: cystathionine
beta-synthase (CBS) or methionine
synthase (MS)

leads to increased homocysteine levels
(role in hypercoagulability not entirely clear)

A “normal” thrombophilic status is assigned a relative risk of a venous thromboembolic event of 1. Use of oral contraceptives (without
concomitant coagulopathies) increases the relative risk fourfold.
* The reported relative risk (RR) of venous thromboembolic events is shown for heterozygous forms of the coagulopathies mentioned.
As a general rule, homozygous forms manifest themselves via severe thromboembolic disease at birth. Homozygous forms are thus ex-
cluded from the present discussion.
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Results

Of the 49 patients included (aged 49 years ± 12.8, 24–
64 years; 27 males), 11 (7 males) had at least one coa-
gulopathy (22.5%), 2 patients each had 2 coagulopa-
thies (table 2). Six patients exhibited a factor V Leiden
mutation (12%), 3 a prothrombin gene mutation (6%),
and one each (2%) a protein S deficiency, an anti-
thrombin III deficiency, an antiphospholipid syndrome

and a hyperhomocysteinaemia due to a MTHFR muta-
tion. Clinically, no patient experienced any form of
cerebrovascular event during follow-up. No symptoms
reflecting thrombosis or embolism in any part of the
circulation were reported. Neither transthoracic nor
transoesophageal echocardiography showed any
thrombus formation either on the left- or the right-
sided discs.
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Table 2
Clinical characteristics of patients with PFO-C and detected coagulopathies.

Gender Age 50 ± Coagulopathy Event before PFO-C Device FU (13 ± NE after
11.3 years 5.5 months) PFO-C

1 M 51 Protein S deficiency Recurrent TIA A 22 –
AT III deficiency

2 F 29 Heterozygous prothrombin Irreversible amaurosis P 21 –
gene mutation fugax (thromboembolic)

3 F 57 Heterozygous factor V mutation, MRI documented A 18 –
APC resistance minor stroke

4 M 47 Heterozygous factor V mutation, MRI documented F 10 –
APC resistance minor stroke

5 F 56 Heterozygous factor V mutation, MRI documented A 13 –
APC resistance minor stroke

6 F 61 Hyperhomocysteinaemia, MRI documented F 13 –
MTHF mutation minor strokes

7 M 58 Heterozygous factor V mutation, MRI documented F 11 –
APC resistance minor strokes

8 M 31 Heterozygous prothrombin gene MRI documented S 9
mutation and antiphospholipid minor strokes
antibodies

9 M 58 Heterozygous factor V mutation, MRI documented S 6 –
APC resistance minor stroke

10 M 54 Heterozygous prothrombin TIA C 6 –
gene mutation

11 M 61 Heterozygous factor V mutation, MRI documented S 6 –
APC resistance stroke

A = Amplatzer® device; C = Cardia Atriasept® device; F = Figulla® device; FU = Follow-up; NE = Neurological event; P = Premere®

device; PFO-C = Closure of patent foramen ovale; S = Solysafe® device; TIA = Transient ischaemic attack, documented by a neurologist.

Discussion

The prevalence of coagulopathies in the general popu-
lation is fairly well documented [7–10]. Their role –
especially that of the heterozygous forms – in clinically
manifest arterial and venous thromboembolic events,
and the ensuing therapeutic consequences, is more or
less clear. To the best of our knowledge only sparse data
are available on the prevalence of coagulopathies in pa-
tients with PFO who had at least one thromboembolic
event with subsequent percutaneous closure of the de-
fect. A large-scale study reporting the incidence of
thrombus formation after PFO-C investigated the role
of thrombophilia only partially [5]. A smaller study [4]
describes a prevalence of thrombophilia in PFO-C pa-

tients of 27%. Lastly, a case report describes device
thrombosis 3 years after PFO-C [6]. The potential im-
portance of a more precise knowledge of the prevalence
of coagulopathies in patients undergoing PFO-C is
twofold. First, a recurrent cerebrovascular event after
closure of a PFO usually prejudices the patient both
physically and psychologically, in addition to being
diagnostically challenging to the physician. Since the
commoner causes of cardioembolic events (atrial fibril-
lation, intracardiac thrombi, atherosclerosis of extra-
and intracranial vessels, intracardiac mural thrombi,
etc.) have usually been ruled out prior to PFO closure,
the renewed search may end inconclusively again. The
incidence of the heterozygous form of some of the coa-
gulopathies in the general population is reported to be
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as follows [10]: factor V Leiden 4–7%, prothrombin
gene mutation 1–2%, protein S deficiency 1–5%, anti-
phospholipid antibody syndrome 2–4%. In our series
the prevalence of bothAPC resistance and prothrombin
gene mutation was higher, i.e., 10% and 6%. Some –
albeit small – studies have specifically addressed the
question of prevalence of coagulation disorders in the
patient population with a PFO [12–14]. Here again the
situation is confusing: Carod Artal et al. [12] and Sas-
try et al. [13] report that coagulopathies are not an ad-
ditional factor for clinically relevant events (stroke and
myocardial infarction). On the other hand, Karttunen
and coworkers [14] imply that prothrombin gene mu-
tation and factor V Leiden may predispose to paradox-
ical embolism in patients with patent foramen ovale.
Our data are in line with this intuitive conclusion, al-
though we concede that our numbers are small. Yet if
we bear in mind that in our population subset 12% of
patients showed factor V Leiden activated protein C re-
sistance compared to the reported 7% (at best) in the
general population, and that 6% of our patients had a
prothrombin gene mutation (again compared to 2% in
the general population), the question has to be raised
again. Obviously our data do not allow meaningful sta-
tistics, which is why we urge a pooling and meta-ana-
lysis of data of the large Swiss centres, if available.

Whereas a greatly increased incidence of venous
thromboembolic events in patients with heterozygous
forms of coagulopathies is clearly documented [10], ar-
terio-arterial events are not. This may be an argument
for the paradoxical embolisation theory in our patients,
all of whom had documented neurological events prior
to PFO-C. Again, until dedicated large-scale studies
with significant statistical power have addressed the
issue, pooling the data available from smaller observa-
tional studies such as ours will help clarify this rele-
vant issue. Always bearing in mind the small study
size, the fact that none of our patients experienced a
venous thromboembolic adverse event after PFO-C
may have been due in part to our recommendation to
patients to administer low molecular weight heparin
in risk situations. To the best of our knowledge, no data

are available regarding possible increased thromboge-
nicity on the arterial side (left atrial disc) in patients
with coagulopathies [6], although no such increase is
documented in the natural course of the heterozygote
forms (with no interatrial septal device).
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