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Case Report

Patent Foramen Ovale Transcatheter Closure Device Thrombosis
VUYISILE T. NKOMO, MD; PIERRE THEUMA, MD; CALIN V. MANIU, MD; KRISHNASWAMY CHANDRASEKARAN, MD;
FLETCHER A. MILLER, MD; HARTZELL V. SCHAFF, MD; GEORGE W. PETTY, MD; AND TODD D. MILLER, MD
The role of patent foramen ovale (PFO) in patients with
cryptogenic stroke (stroke of unknown cause) remains
controversial, although an association seems likely in
younger patients with atrial septal aneurysms and PFO.
The mechanism of cryptogenic stroke in these patients is
presumed to be paradoxical embolism via right-to-left
shunt across the PFO. The available options for treatment
include medical therapy with antiplatelet or anticoagulant
therapy or closure of the PFO surgically or with use of
transcatheter PFO closure devices. We describe 2 cases of
bilateral device thrombosis associated with use of a

transcatheter PFO closure device (CardioSEAL). To our
knowledge, only 1 other case of thrombosis associated with
use of this device has been reported.
Mayo Clin Proc. 2001;76:1057-1061
APC-R = activated protein C resistance; ASD = atrial septal
defect; DVT = deep venous thrombosis; INR = international
normalized ratio; PFO = patent foramen ovale; TEE =
transesophageal echocardiography; TIA = transient ischemic
attack; TTE = transthoracic echocardiography

T

mg/d. She was a nonsmoker, her family history was unremarkable, and physical examination findings were normal.
Laboratory data showed normal values for hemoglobin
and hematocrit; white blood cell and platelet counts; levels
of electrolytes, vitamin B12, and folate; prothrombin time
and activated partial thromboplastin time; special coagulation testing for the lupus inhibitor; and levels of anticardiolipin antibodies, homocysteine, and lipids. Findings
on magnetic resonance imaging and angiography of the
head were consistent with a recent small infarct in the
posterior right centrum semiovale. Bilateral carotid ultrasonography was normal. Transesophageal echocardiography (TEE) showed only a PFO with a large right-to-left
shunt on release of Valsalva maneuver. Ultrasonography of
the lower extremities was negative for deep venous thrombosis (DVT). Results of spinal fluid evaluation were normal. There was no suspicion of a malignancy.
The patient was presumed to have had a paradoxical
embolism and advised to have the PFO closed. Warfarin
therapy was prescribed, and the dose of conjugated estrogen was reduced from 0.625 to 0.3 mg/d. She returned
home and 1 year later underwent uncomplicated PFO
closure with use of a transcatheter device (33-mm CardioSEAL device). A transthoracic echocardiogram (TTE) performed 3 days after the procedure visualized the closure
device, and no residual leak was detected. In addition to
aspirin, she continued to receive warfarin without heparin
with the international normalized ratio (INR) maintained
between 2 and 3.
Several weeks after the device closure, the patient began
to experience intermittent palpitations, headaches, and
photophobia with “fragmented” vision in both visual fields.

he role of patent foramen ovale (PFO) in patients with
unexplained (cryptogenic) stroke is not well defined.
Management of patients with PFO after an unexplained
stroke includes antiplatelet or anticoagulant therapy or closure of the PFO surgically or with use of a transcatheter
device. Accumulating data suggest that percutaneous
transcatheter device closure of PFO is an effective alternative method to surgical PFO closure.1-3 We describe 2 cases
of an uncommon complication of transcatheter PFO device
closure associated with the CardioSEAL device. To our
knowledge, only 1 other case of thrombosis associated with
use of this device has been reported.4
REPORT OF CASES
Case 1
A 55-year-old previously healthy woman had, while
gardening, the acute onset of right-hand weakness and
numbness lasting approximately 2 hours. There were no
accompanying symptoms. She was referred to our institution 13 days after the event for further evaluation of what
was presumed to have been a transient ischemic attack
(TIA). The patient’s medical history was remarkable only
for a total abdominal hysterectomy and bilateral salpingooophorectomy 4 years earlier for endometriosis, after
which she received conjugated estrogen (Premarin), 0.625
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Figure 1. A and B, Transesophageal echocardiographic images showing thrombus (arrowheads) on both sides of the patent foramen ovale
closure device. C, Surgically removed CardioSEAL device showing residual thrombus. Ao = aortic valve; D = closure device; LA = left
atrium; LV = left ventricle; RA = right atrium; RV = right ventricle.

Computed tomography of the head and TTE were normal.
The symptoms continued, and she returned to our institution approximately 3 months after the device closure. A
repeat TEE showed a large amount of thrombus attached to
both sides of the closure device (Figure 1, A and B). No
shunt was present. The INR was 4.5.
Special coagulation studies showed that the patient had
factor V R506Q (Leiden) mutation on 1 allele (heterozygous mutant), and the activated protein C resistance (APCR) ratio was 3.6 (reference range, 2.4-4.0). Other coagulation test results are summarized in Table 1. The device was
removed surgically and was found to have adhering to it
multiple fragments of fibrovascular tissue and thrombus
(Figure 1, C). The PFO was closed with a pericardial patch
without complications. Treatment with both warfarin and
estrogen was discontinued. The patient had no recurrence
of her neurologic symptoms during follow-up of 12
months.
Case 2
A 48-year-old woman was diagnosed as having suffered
a TIA when she presented to her local physicians with
transient loss of motor function on the right side of her
body that lasted several hours. Computed tomography of
her head showed a lesion in the left middle cerebral artery
territory consistent with an infarct. Her medical history was
unremarkable, and her medications were iron and multivitamin supplements. She had no family history of clotting
disorders. Coagulation studies initially showed a positive
titer for antiphospholipid antibody (IgM) of 1:8; however,
on repeat testing this titer was normal. Protein C and pro-

tein S levels were normal, and no homocysteine levels were
reported.
Magnetic resonance angiography of the head and neck
vessels showed no notable disease. Transesophageal
echocardiography showed a PFO with right-to-left shunting, and the patient was diagnosed as having presumptive
paradoxical embolism. No studies were performed to diagnose DVT. The patient subsequently received warfarin,
which she did not tolerate well because of heavy menstruation with resultant anemia.
Five months after the TIA, the patient underwent percutaneous closure of the PFO with use of a 28-mm
CardioSEAL device without procedural complications.
Warfarin treatment was stopped, and she continued to receive aspirin after the procedure. One month after the
device closure, the patient experienced transient episodes
of blurred vision and 1 episode of transient global amnesia.
Follow-up TEE showed thrombus on the left atrial side of
the closure device. The patient was hospitalized, given
intravenous heparin, and later dismissed having resumed
warfarin treatment with an INR of 3.1. A repeat TEE
performed 1 month after reinitiation of warfarin showed a
persistent thrombus on the device. No data were available
regarding the adequacy of her anticoagulation.
The patient was then referred to our institution for surgical removal of the device. Two days prior to arrival, she
discontinued warfarin, and the INR on admission was 1.1.
A preoperative TEE showed bilateral device thrombosis.
The patient then underwent surgical excision of the device
and closure of the PFO with a pericardial patch without
complications.
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DISCUSSION
According to Thompson and Evans,5 the term paradoxical
embolism was introduced in 1885 by Zahn who described a
patient diagnosed postmortem as having had uterine
thrombi, a PFO with thrombus, and systemic embolization.
Since the advent of TTE and TEE, the diagnosis of paradoxical embolism can now be established as symptoms occur.
The clinical diagnosis of paradoxical embolism is almost
always presumptive and is suspected in patients who have a
venous thrombus, a right-to-left shunt, and evidence of
arterial embolism. A definite diagnosis of paradoxical embolism is established when a thrombus is seen traversing
the shunt.6,7 The patients described in this article were
diagnosed as having presumed paradoxical emboli after
presenting with cerebral infarcts of unknown origin manifest as TIAs and were found to have PFO with right-to-left
shunt.
Estrogen replacement therapy was not thought to cause
the TIA in the patient described in case 1. The relationship
between hormone replacement therapy and cerebrovascular disease has been studied extensively.8 In a pooled analysis of 2000 patients from case-control and cohort studies,
no significant association was found between stroke and
unopposed estrogen therapy.9 The Heart and Estrogen/
progestin Replacement Study (HERS) showed a pattern of
early harm and late benefit from hormone replacement
therapy with regard to cerebrovascular accidents; however,
the results of that study cannot be applied to the patient
described in case 1 since she was taking unopposed estrogen replacement therapy.10,11 There are no reported data
associating stroke and factor V Leiden mutation.
The relationship between estrogen and DVT, on the
other hand, is well established.8,12 Although ultrasonography of the lower extemities in case 1 provided no evidence
of DVT, the test was performed when she was first seen at
our institution approximately 2 weeks after the TIA. No
attempt was made in case 2 to diagnose DVT. Deep venous
thromboses are found with variable success in patients
suspected of paradoxical embolism, and the prevalence of
DVT ranges from 9.5% to 88%, depending on the timing
and methods used for diagnosis.13 The patient in case 1 also
carried a factor V mutation on 1 allele. The APC-R ratio of
3.6 may have been artificially normal because of the effect
of warfarin. Heterozygous factor V Leiden mutation is a
risk factor for venous thrombosis, especially when the
APC-R ratio is less than or equal to 2.14 Carriers of factor V
Leiden mutation who use oral contraceptives have a further
dramatic increase in risk of venous thrombosis; however,
an increase in risk has not been shown for users of hormone
replacement therapy who carry the mutation.15,16 Protein C
antigen and activity and free protein S levels were diminished; however, these determinations were performed dur-
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Table 1. Coagulation-Related
Laboratory Test Results of Case 1*
Test

Result

Reference
range

Prothrombin time (s)
INR
APTT (s)
Thrombin time (s)
Dilute Russell viper venom time
Screen ratio
Mix ratio
Factor II activity (%)
Factor VII activity (%)
Protein C activity (%)
Protein S (total) (%)
Protein S (free) (%)
APC-R
Baseline APTT (s)
APTT with APC
APC-R ratio
Anticardiolipin antibodies
(IgM and IgG)

44.6
4.5
36
16

8.4-12.0
…
21-33
18-25

1.8
1.0
14
8
30
58
38

<1.2
<1.2
70-130
65-140
70-130
50-120
50-120

37
133
3.6

26-38
68-137
2.4-4.0

Negative

…

*APC = activated protein C; APC-R = APC resistance; APTT =
activated partial thromboplastin time; INR = international normalized ratio.

ing the patient’s second referral, while she was taking
warfarin with an INR of 4.5, and the results reflect a
warfarin effect (Table 1). Following excision of the closure
device and pericardial patch closure of the PFO, treatment
with both warfarin and estrogen was discontinued in this
patient.
No precise guidelines exist for the management of PFO
in patients who present with cryptogenic stroke. Studies
regarding the relevance of PFO in patients with cryptogenic stroke report conflicting outcomes.17 Data supporting
closure of PFO include a higher risk of stroke recurrence in
patients with such a disorder compared with patients without it, especially when it is associated with an atrial septal
aneurysm.18 Current methods of closing PFO involve open
heart surgery or transcatheter techniques. Both methods
have been shown to be effective2,3,12,15,19; however, no prospective randomized trials exist comparing the 2 methods.
Medical therapy with antiplatelet or anticoagulant drugs to
prevent recurrent neurologic events is an alternative to PFO
closure,20,21 and a multicenter study funded by the National
Institutes of Health is under way to assess stroke recurrence
in patients randomly assigned to receive anticoagulant or
aspirin therapy.
Numerous devices are available for PFO closure,22-24
and the design and techniques of device implantation have
been described previously.22,23,25-29 Periprocedural complications related to transcatheter atrial septal defect (ASD) or
PFO closure include retroperitoneal hematoma, device
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embolization, air embolization with or without stroke,
atrial perforation, malpositioning of the device with residual shunting, or device arm fracture.2,3,22,26,29,30 Device
thrombosis has been described previously in multiple
cases in connection with another ASD occlusion system.31-33 To our knowledge, only 1 case has been reported
that previously described bilateral device thrombosis associated with the CardioSEAL device.4 In that report, the
patient presented with a TIA 6 weeks after implantation
of the device and had been maintained on therapeutic
levels of warfarin with an INR of 3.5. In addition, no
thrombophilic disorder was found.4 As of March 2000,
approximately 2500 CardioSEAL devices have been implanted for a variety of defects, predominantly in the
pediatric patient population.34,35
The precise reasons for thrombus formation in the 2
cases described herein are unclear. In case 1, the patient
continued to receive warfarin following device implantation, and the INR was reportedly maintained between 2 and
3. However, warfarin is known to have a procoagulant
effect during initiation,36 and although unusual, this phenomenon offers one of the potential explanations for device
thrombus formation since the patient did not receive concomitant heparin during warfarin reinitiation and was
heterozygous for factor V Leiden mutation. Whether a
heterozygous state for factor V Leiden mutation per se
increases the risk of endovascular prosthesis thrombosis
is unknown. In case 2, however, device thrombus formation occurred prior to reinitiation of warfarin while the
patient was taking aspirin. No thrombophilic disorder was
identified in case 2, although it is unclear whether testing
for APC-R was performed. A malignancy was not suspected in either patient based on their clinical history,
physical findings, or screening laboratory data.
The CardioSEAL device was recently approved by the
US Food and Drug Administration as a Humanitarian Use
Device for PFO closure in patients with recurrent cryptogenic stroke due to presumed paradoxical embolism through a
PFO and who have failed conventional drug therapy, defined
as a therapeutic INR on oral anticoagulation.37 Known hypercoagulable states contraindicate CardioSEAL device
implantation.
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CONCLUSIONS
The reasons for CardioSEAL transcatheter PFO device
thrombosis may be related to an underlying hypercoagulable state in 1 patient described herein but are unclear in
the other. The cases highlight the need for careful patient
evaluation and selection for PFO closure device placement,
especially screening for hypercoagulable states. The role of
anticoagulation after device placement may need further
evaluation.
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