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Abstract
Background: Some thrombophilic patients have been 
excluded from clinical trials of septal defect closure 
due to the presumed higher risk of thrombus forma-
tion. The purpose of this study was to assess whether 
pre-existing thrombophilia predisposes patients to ad-
verse events after percutaneous patent foramen ovale 
(PFO) or atrial septal defect (ASD) closure.
Methods: A retrospective observational study was 
performed including 147 patients with thrombophil-
ia who were referred for percutaneous PFO or ASD 
closure for cryptogenic stroke or transient ischemic 
attack (n = 104, 70.7%), migraine (n = 30, 20.4%), pe-
ripheral embolism (n = 5, 3.4%), right ventricular en-
largement (n = 2, 1.4%), desaturation (n = 1, 0.7%), or 
a combination of diagnoses (n = 4, 2.7%). Post-proce-
dure follow-up included 3-6 month clinical evaluation, 
chart review, or phone call.
Results: Of the 147 patients (46 ± 13 years of age, fol-
low-up of 43.5 ± 34.7 months) who met the inclusion cri-
teria, 142 had a PFO (96.6%), and 5 had an ASD (3.4%); 
69 (46.9%) underwent closure. Of the closure patients, 
1 (1.4%) developed thrombus (Amplatzer ASO device). 
There were no cases of endocarditis or device erosion. 
One patient had a stroke post-closure (1.4%). Of the 80 
women with stroke, TIA, or peripheral arterial embo-
lism, 52 (65.0%) were taking oral contraceptive pills or 
hormone replacement therapy at the time of the event.

Conclusions: Percutaneous closure can be safely per-
formed without a significant risk of thrombus formation 
despite the presence of thrombophilic factors. The 
most common reversible thrombophilic factor was ex-
ogenous estrogen compounds (43%), whereas 57% of 
patients had irreversible thrombophilic disorders.
Copyright © 2017 Science International Corp.
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Introduction

Intra-cardiac defects such as patent foramen ovale 
(PFO) or atrial septal defect (ASD) are often closed to 
prevent cryptogenic stroke, transient ischemic attack 
(TIA), migraine, or right ventricular enlargement. The 
risk of thrombotic formation on the device may be 
increased in patients with thrombophilia or proth-
rombotic states [1-3]. The safety and recurrence rate 
of thrombotic events after PFO or ASD closure in pa-
tients with thrombophilia or prothrombotic states are 
unknown because such patients are excluded from 
randomized clinical trials. This retrospective observa-
tional study of percutaneous PFO or ASD closure in 
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patients with thrombophilia was performed to deter-
mine whether atrial septal device implantation could 
be performed safely without a high risk of device 
thrombosis or recurrent thrombotic events.

Materials and Methods

A retrospective observational study was conduct-
ed in a tertiary care center that performs a moderate 
volume of percutaneous septal closure procedures. 
A chart review and analysis of the database was per-
formed to determine if any patients who underwent 
PFO or ASD closure had thrombophilic disorders or 
prothrombotic states such as gravid state, treatment 
at the time of presentation with hormone replace-
ment therapy (HRT) or oral contraceptive pills (OCP), 
or cancer. Hypercoagulability and genetic laboratory 
testing was performed at our institution or the out-
side institution that referred the patient for closure. 
The presence of anticardiolipin antibody, beta-2 gly-
coprotein antibody, Dilute Russell viper venom time, 
prothrombin gene 20210A mutation (deoxy-ribo-
nucleic acid test), Factor V Leiden, protein C activity, 
protein S free antigen assay, antithrombin activity 
assay, and Factor VIII activity was assessed. The pres-
ence of an ASD or PFO was documented by transe-
sophageal echocardiography, transthoracic echocar-
diography, or transcranial Doppler evaluation and 
confirmed by crossing the atrial septum at the time 
of cardiac catheterization.

Risk factors for atherosclerosis, vascular disease, or 
thrombosis were identified such as hypertension, hy-
perlipidemia, diabetes, smoking, history of deep ve-
nous thrombosis or pulmonary embolism, history of 
atrial fibrillation or atrial flutter, or history of stroke or 
TIA (Table 1). Thrombophilic abnormalities consisted 
of protein C or S deficiency, hyperhomocysteinemia, 
elevated Factor VIII activity, antiphospholipid anti-
body, vasculitis, gravid state, OCP, HRT, prothrombin 
gene mutation, beta-2 glycoprotein antibody, Factor 
V Leiden mutation, antithrombin III deficiency, beta 
thalassemia minor, or cancer (Table 2).

Pre-device closure treatment consisted of warfarin 
only, aspirin only, aspirin and plavix, or a combination 
of warfarin, aspirin, and plavix. Post-closure treat-
ment consisted of aspirin and plavix (n = 46, 66.7%), 
a combination of aspirin, plavix, and warfarin (n = 1, 

Table 1. Patient characteristics (total = 147 patients)

Patient Characteristics n (%)

1. Age (46 ± 13 years old) 147

2. Females 117 (79.6%)

3. Diabetes 0

4. Hyperlipidemia 2 (1.4%)

5. Hypertension 5 (3.4%)

6. Smoker (past/current) 14 (9.5%)

7. �History of deep venous 
thrombosis or pulmonary 
embolism

14 (9.5%)

[10 irreversible (71.4%); 
4 reversible group (28.9%)]

8. �history of atrial fibrillation 
or atrial flutter 

4 (2.7%)

9. �history of stroke or 
transient ischemic attack

104 (70.7%)

[55 (52.9%) reversible; 
49 irreversible group (47.1%)

1.4%), warfarin followed by aspirin and plavix (n = 1, 
1.4%), aspirin and warfarin (n = 6, 8.7%), aspirin only 
in plavix-allergic patients (n = 3, 4.3%), plavix only (n 
= 1, 1.4%), or warfarin only (n = 10, 14.5%). One pa-
tient’s medical regimen post-closure was unknown. 
The duration of medical treatment was usually 6 
months; occasionally, lifelong treatment at the discre-
tion of the consulting hematologist was implement-
ed for thrombophilia.

Patients were informed of the investigational and 
non-FDA-approved indication for PFO closure and 
desired closure for prevention of future strokes, com-
plex migraine with transient visual neurologic deficit, 
or migraine without aura. Informed and written con-
sent was obtained from all patients.

Based upon operator preference, all patients re-
ceived peri-procedural or post-procedural antibiotics 
(cefazolin or vancomycin) up to 24 h after closure. Pa-
tient outcomes were assessed via 3-6 month clinical 
follow-up, chart review, or telephone call (mean, 43.5 
± 34.7 months). Mortality status was verified by chart 
review and the Social Security Death Index.

Results

From the total population of 933 patients with 
PFO or ASD, 861 had a PFO (92.3%), and 72 had an 
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20.4%), peripheral embolism (n =  5, 3.4%), right 
ventricular enlargement (n = 2, 1.4%), desatura-
tion (n = 1, 0.7%), or a combination of diagnoses  
(n = 4, 2.7%). The study included patients from  
July 2001 to January 2015.

Of the 147 thrombophilic patients (46 ± 13 years 
of age), 142 had a PFO (96.6%), 5 had an ASD (3.4%), 
and 69 (46.9%) underwent closure. Forty-three pa-
tients (29.3%) declined percutaneous closure. Thir-
ty-three patients (22.4%) were deemed inappropri-
ate candidates for closure or were found to have no 
PFO during cardiac catheterization (n = 8, 5.4%). One 
patient (0.7%) underwent transesophageal echocar-
diography for clarification of a suspected PFO, which 
revealed the absence of a PFO. All septal closures 
were successful except 1 ASD case (1.4%), which was 

ASD (7.7%). Three of these patients were referred 
for surgery and excluded. There were 147 subjects 
(16%) who met the thrombophilia inclusion cri-
teria and were referred for percutaneous PFO or 
ASD closure. Table 1 shows the patient character-
istics. Patients were divided into two groups: one 
with reversible causes of thrombophilia such as 
OCP/HRT use (n  =  57, 38.8%) or gravid state (n = 
4, 2.7%) and the other with  irreversible causes of 
thrombophilia as listed in Table 2 (n = 86, 58.5%). In 
the reversible group, the inciting cause of throm-
bophilia such as OCP or HRT use was terminated 
after the clinical event or hypercoagulable state 
resolved after fetus delivery. Indications for PFO 
or ASD closure included a history of  previous 
stroke or TIA (n = 104, 70.7%), migraine (n = 30, 

Table 2.  List of hypercoagulable conditions (total = 147 patients)

Hypercoagulable Conditions 
(18 categories) n (%)

§OCP 46 (31.3%)

‡HRT 26 (16.3%)

Pregnant 6 (4.1%)

†CA 4 (2.7%)

Autoimmune Disease 27 (18.4%)

§OCP and ‡HRT 70 (47.6%)

Medication induced (‡HRT, §OCP, or †CA 
medications)

72 (49.0%)

Beta-thalassemia minor 1 (0.7%)

Elevated lipoprotein A 1 (0.7%)

Protein C or S deficiency 12 (8.2%)

Factor V Leiden mutation 12 (8.2%)

Prothrombin gene mutation 16 (10.9%)

Elevated Factor VIII level 1 (0.7%)

*APS or anti-cardiolipin antibody 25 (17.0%)

Anti-thrombin 3 deficiency 3 (2.0%)

Beta-2-glycoprotein-1 antibody 9 (6.1%)

Presumed hypercoagulable state 1 (0.7%)

Hyperhomocysteinemia 3 (2.0%)

Thrombocytosis 2 (1.4%)

Combined thrombophilia 44 (30.0%)

*APS = anti-phospholipid syndrome; †CA = cancer; ‡HRT = hormone 
replacement therapy; §OCP = oral contraceptives

Table 3. Patient groups, closure indications, and closure devices 
used (total of 147 patients)

Patients Groups n (%)

Reversible thrombophilia 61 (41.5%)

Irreversible thrombophilia 86 (58.5%)

Percutaneous Septal Closure 69 (46.9%)

Patients declined closure 43 (29.3%)

Not closure candidate or no *PFO found 
during cardiac catheterization or Transesoph-
ageal Echo

34 (23.1%)

Unsuccessful closure 1 (0.7%)

Closure Indications n (%)

Stroke/transient ischemic attack 104 (70.7%)

Migraine with or without aura 30 (20.4%)

Right ventricular enlargement 2 (1.4%)

Deep venous thrombosis, pulmonary 
embolism, or hypercoagulable state

5 (3.4%)

Peripheral arterial embolism (Toe or popliteal 
artery embolus)

2 (1.4%)

Desaturation 1 (0.7%)

Combination of indications 4 (2.7%)

Closure Devices Used (total of 69 closures) n (%)

Amplatzer 34 (49.3%)

Cribiform 2 (2.9%)

Helex 33 (47.8%)

*PFO = patent foramen ovale
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unsuccessful secondary to bilateral femoral venous 
obstruction. Twenty-five patients in the reversible 
thrombophilic group underwent closure (36.2%), 
whereas 44 patients in the irreversible thrombophil-
ia group underwent closure (63.8%). Only 1 patient 
(1.4%) in the irreversible thrombophilia group had a 
recurrent stroke after PFO closure. Table 3 presents 
the patient groups, closure indications, and closure 
devices used.

One patient in the PFO group (0.7%) with anti-car-
diolipin antibody and beta-2 glycoprotein antibody 
experienced pericarditis post-procedure with a small 
pericardial effusion from suspected nickel allergy 
(confirmed via patch testing) 1 month after Am-
platzer device deployment. One patient (1.4%) out of 
the total 34 patients with Amplatzer implants (49%) 
developed a small left atrial thrombus on the device 
1-month post-implant. This patient had thrombophil-
ia from beta-2 glycoprotein antibody and was treated 
post-closure with aspirin and plavix. None of the 33 
patients with a Gore Helex device developed throm-
bus formation. Of the 69 patients who underwent clo-
sure, 50 patients (72.5%) received antiplatelet medica-
tion post-procedure (aspirin only, aspirin and plavix, 
or plavix only), 10 (14.5%) received an anticoagulant 
only (warfarin), and 8 (11.6%) received a combination 
of antiplatelets and an anticoagulant. One patient’s 
post-closure medical regimen was unknown.

One patient developed transient tongue and right 
lower extremity paresthesia post-closure, and anoth-
er patient experienced a transient neurologic deficit 
1 month post-closure; both of these episodes were 
believed to be complex migraines without headache.

Of the 117 women (80.0%), 70 (59.8%) were receiv-
ing HRT or OCP at the time of their event (HRT: n = 24, 
20.5%; OCP: n = 46, 39.3%), of which 52 (74%) devel-
oped stroke, TIA, or peripheral arterial embolism. Of 
the 104 patients who had a stroke, TIA, or peripher-
al arterial embolus, 79 were females (76%), of which 
52 (66%) were taking OCP (n = 34, 43%) or HRT (n = 
18, 23%). Of the 70 women on OCP or HRT, 68 (97%) 
stopped pre- or post-closure based on the treating 
physician’s suggestion (only 2 patients wanted to 
continue OCP or HRT post-closure). None of the 70 
patients who had been on hormone therapy prior to 
PFO closure developed recurrent thrombotic events, 
endocarditis, or device erosion.

Three deaths (2.0%) occurred, but none were relat-
ed to the device or implantation. One patient died sec-
ondary to myocardial infarction, and 2 deaths  were 
non-cardiac. Of the 2 non-cardiac deaths, 1 patient 
did not undergo device closure, and the other died 
from septic shock.

Discussion

The purpose of this study was to assess whether 
patients with thrombophilia have an increased risk for 
stroke or thrombus formation on closure devices fol-
lowing implantation of this foreign body, which has 
constant contact with circulating blood, in the atrial 
septum [1]. Due to this hypothetical concern, throm-
bophilic patients are usually excluded from clinical 
trials of percutaneous PFO or ASD closure. Neverthe-
less, clinical indications for closure of ASD or PFO may 
arise in subjects with thrombophilic conditions. This 
study included patients with a variety of thrombo-
philic disorders and prothrombotic states, which has 
not been reported previously in the literature.

A prospective case-controlled study by Pezzini 
et al. [1] showed that thrombophilia in PFO patients 
may pose a risk for stroke. A study by Chaturvedi [3] 
reported that patients with a PFO and cryptogenic 
stroke in the presence of thrombophilia had an in-
creased risk of recurrent stroke. They proposed that 
PFO closure in such patients prevents recurrences.

A case report of a patient with Factor V Leiden and 
PFO describes a paradoxical coronary embolism that 
caused myocardial infarction [4]. Factor V Leiden has 
been associated with increased risk of arterial and ve-
nous thrombosis [5]. A second case report described 
a patient with Factor V Leiden and PFO with subse-
quent multiple embolic events [6]. A study by Giardi-
ni et al. [7] of PFO closure in 72 patients, of whom 20 
had thrombophilia, suggests that such patients have 
enhanced risk of recurrent stroke after a cryptogenic 
stroke, which is mitigated by PFO closure.

Autoimmune disease may promote a prothrom-
botic state that could lead to thrombotic events [5]. 
The prevalence rates of anti-cardiolipin antibodies 
in patients with ischemic strokes is reported to be 
17-21% [8]. A retrospective case series of 40 patients 
showed that anti-phospholipid antibodies and hyper-
coagulability are common in patients with PFO who 
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present with cryptogenic stroke [9]. A case-controlled 
study also showed that anti-phospholipid antibodies 
are strongly associated with PFO and atrial septal an-
eurysms [10]. Therefore, autoimmune diseases with 
various hypercoagulable factors may increase the risk 
of stroke. However, the PFO in Cryptogenic Stroke 
Study and Anti-Phospholipid Antibodies and Stroke 
Study (PICSS-APASS) post-hoc retrospective analysis 
did not show an increased risk of stroke in patients 
with anti-phospholipid antibodies and PFO [11].

Our retrospective observational study shows that 
PFO or ASD closure can be safely performed in pa-
tients with thrombotic disorders or prothrombotic 
states using the Amplatzer or Gore Helex device. Only 
1 thrombotic event occurred on an Amplatzer device 
(1.4%) for PFO closure, but this was in the presence 
of new onset atrial fibrillation. This patient also had 
hyperhomocysteinemia and experienced recurrent 
stroke 8 years after closure.

There were no cases of thrombosis observed on 
Gore Helex devices, which suggests that the e-PTFE 
device may not be thrombogenic even in throm-
bophilic patients. In this higher-risk patient popu-
lation, there was no procedural mortality, systemic 
infection, endocarditis on the implanted device, or 
erosion with a mean follow-up of 43.5 ± 34.7 months. 
Thus, septal closure in this thrombophilic patient 
population may be safely performed with a low risk of 
recurrent thrombotic events using either Amplatzer 
or Gore Helex devices.

Of the thrombophilic conditions, most were due to 
estrogen-containing medications, which are known 
to increase thrombosis [12]. A higher than expect-
ed number (n = 79 out of 104; 76%) of patients who 
had a stroke, TIA, or peripheral arterial embolus were 
females, of whom 51 (65%) were receiving OCP or 
HRT. These observations suggest that estrogen com-
pounds predispose to paradoxical embolism in the 
presence of a septal defect. These findings are con-
sistent with those of our previous study showing a 
higher rate of PFO in post-menopausal women with 
a stroke who were using HRT [13]. Stopping OCP or 
HRT may have led to the low rate of recurrent stroke 
following septal closure, but this was not a random-
ized trial of medical therapy (without OCP) versus de-
vice closure. It is not known what the recurrent stroke 
rate would be in women who stop taking hormone 

therapy but do not get their PFO closed. This raises 
the question whether enrolling women who were 
on OCPs at the time of the event but subsequently 
stopped taking OCPs might bias the population of 
PFO closure for cryptogenic stroke trials to a lower risk 
group and thus produce lower subsequent events.

The Randomized Evaluation of Recurrent Stroke 
Comparing PFO Closure to Established Current Stan-
dard of Care Treatment (RESPECT) trial [14] showed a 
10-year event rate point estimate for annualized re-
current stroke in the intention-to-treat cohort of 0.57 
per 100 patient- years (closure group) versus 1.05 per 
100 patient-years in the medical group. Patients with 
mild forms of thrombophilia were included in the RE-
SPECT trial, but the investigators did not capture the 
frequency of OCP/HRT use at the time of the initial 
stroke. Thus, this large randomized trial did not show 
whether the lower than expected frequency of re-
current stroke was partly due to stopping hormone 
therapy at entry into the trial. The RESPECT trial also 
demonstrates that a longer-term follow-up is neces-
sary, as the risk of recurrent stroke in the medically 
treated group continued to be constant at about 1% 
per year for the 10 years of observation. It is hypoth-
esized that this yearly risk of recurrent stroke might 
continue in the medically treated group for the rest 
of the patients’ lives.

This was a retrospective observational study of a 
complex patient population in a tertiary care center, 
which may limit its generalizability. The procedures 
were performed in a single center by experienced op-
erators who routinely perform PFO or ASD closures. 
Nevertheless, this study provides useful data on the 
management of such complex patients, as most are 
excluded from randomized clinical trials. Thus, scant 
information is available about device implantation in 
patients with thrombophilia.

In conclusion, in this group of patients with throm-
bophilic conditions, PFO or ASD closure may be safely 
performed using an Amplatzer or Gore Helex device 
without a high risk of developing thrombus on the 
device. Moreover, 66% of women with thrombophilia 
who presented with cryptogenic stroke, TIA, or pe-
ripheral arterial embolism were receiving OCP or HRT, 
which is a form of thrombophilia that can be reversed 
by medication cessation. The high frequency of this 
transient and reversible form of thrombophilia may 
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