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/Abstract A

Introduction: Stroke is a leading cause of neurologic disability in the United States with the majority of cases a consequence
of ischemia.

Case Report: We present a case about a young woman with a past medical history of polysubstance use and prior stroke with
patent foramen ovale (PFO) closure who presents with a right middle cerebral artery syndrome. She was found to have a
large vessel occlusion necessitating emergent neurologic intervention that aborted a potentially devastating stroke. Etiology
was suspicious for an embolic source and she underwent extensive workup ultimately requiring the expertise of cardiology
and cardiothoracic surgery in addition to vascular neurology and interventional neurology.

Conclusion: This case highlights the rare finding of thrombus formation found on both sides of a PFO closure device two years
after placement. There is a paucity of literature that illustrates this unique case, and therefore highlighting the need for PFO

closure surveillance.
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Introduction

Stroke is a leading cause of disability in the United States,
with approximately 795,000 individuals affected annually [1].
Strokes can be categorized into ischemic or hemorrhagic, with
87% being ischemic [1]. Stroke is a neurologic emergency that
warrants emergent neurologic evaluation when symptom
onset is within 24 hours. After patients are deemed candi-
dates for acute intervention, the next steps in management
is determining etiology of the stroke. The various etiologies of
stroke was defined by the Trial of Org 10172 in Acute Stroke
Treatment (TOAST). TOAST classified stroke into large vessel
disease, small vessel disease, cardioembolic, embolic stroke of
undetermined source (ESUS), and cryptogenic [1]. We present
a young patient who was found to have had a large vessel oc-
clusion in the setting of a patent foramen ovale (PFO).

Case Presentation

A 35-year-old woman presented to the emergency depart-
ment after waking up at 5:30am with left sided facial droop,
dysarthria, and left hemiparesis. She was last known to be well
the night prior to presentation at midnight. She reported cur-
rent tobacco use and past phencyclidine use and non-compli-
ance with any prescribed medications including aspirin. Upon
arrival, blood pressure was 148/89 mmHg, was in normal si-
nus rhythm, euglycemic, with oxygen saturation 98% on room
air. The neurology team was immediately contacted and the
national institute of health stroke scale revealed a score of 10
for left facial droop, dysarthria, left upper extremity and left
lower extremity weakness, and left sided sensory loss. Motor
assessment of LUE was graded 0/5 and LLE graded 3/5. Car-
diac evaluation revealed no murmurs, rubs, or gallops. Patient
was emergently brought to CT scanner.
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The patient has a history of prior M1 occlusion of the right
middle cerebral artery status post mechanical thrombectomy
without any residual deficits, deep vein thrombosis, pulmo-
nary embolism, and patent foramen ovale closure 2 years
prior to current presentation.

Investigations

A non-contrast computed tomography of the head showed no
acute infarction or hemorrhage. Computed tomography an-
giography of the head and neck showed an occlusion of the
M2 segment of the right middle cerebral artery. Computed
tomography perfusion scan showed a favorable penumbra to
core ratio. Laboratory results were unrevealing for any signifi-
cant abnormalities. Electrocardiogram revealed normal sinus
rhythm without any ischemic changes.

Management

The patient was deemed a candidate for mechanical throm-
bectomy and the procedure produced a thrombolysis in cere-
bral infarction (TICI) score of 2B. Magnetic resonance imaging
(MRI) brain did not show any restricted diffusion in the territo-
ry of the occlusion nor any T2 FLAIR changes. With immediate
neurologic intervention, an ischemic stroke was prevented.
Following successful intervention, the patient underwent tra-
ditional stroke workup including HgA1c and lipid panel. Given
her young age, she also underwent hypercoagulable workup
including protein C and S antigens, lupus anticoagulant, factor
Il prothrombin gene mutation, factor V Leiden gene mutation,
MTHFR gene mutation, homocysteine, lipoprotein (a), anti-nu-
clear antibody, and cardiolipin antibody which were all unre-
markable. She underwent a urine toxicology screen which was
negative. Given her history of patent foramen ovale, she also
had undergone duplex imaging of her lower extremities which
ruled out any deep vein thrombosis. MRV did not reveal any
thrombus nor suggest May-Thurner Syndrome. Transthoracic
echocardiogram (TTE) revealed a normal left ventricular ejec-
tion fraction of 55-60%, normal left atrial size, and no valvular
abnormalities. A 25mm Gore cardioform occluder device was

visualized in place with 2 large echodensities on the interatrial
septum suggestive of thrombus on either side of the device.

Figure 1: Transesophageal image demonstrating a large fixed thrombus ad-
herent to the right side of the atrial occluder, and a second highly mobile
thrombus adherent to the left side.

Figure 2: 3D transesophageal image of the left atrial thrombus demonstrates
its attachment site near the center of the occluder.

Figure 3: A 3D transesophageal image demonstrates prolapse of the thrombus
into the left ventricular inflow tract.

The patient was then initiated on a heparin drip. Subsequent-
ly, the patient underwent a transesophageal echocardiogram
(TEE) to better visualize the echodensities on TTE. TEE con-
firmed 2 large pedunculated thrombi on both sides of the clo-
sure device. The Left thrombus was noted to be highly mobile
and bouncing off of the mitral valve. No residual shunt was
observed. The vascular neurology, cardiology, and cardiotho-
racic teams convened and deemed the patient a candidate for
emergent surgical intervention for device removal, thrombec-
tomy, and atrial septal defect repair with a bovine pericardial
patch.

Figure 4: Resected PFO closure device with thrombus (A,B,C)

The septal occluder device was epithelialized completely except in two loca-
tions; one at the center on the right atrial side and one at the center on the
left atrial side. There are large circular metal rings at this location on the Gore
Cardioform device and they appeared to be the nidus for thrombus formation/
attachment.

The patient tolerated the procedure well without any immediate complica-
tions.

Follow up

The patient was ultimately discharged home on post-opera-
tive day five without any neurologic deficits. Her NIHSS was 0
and she was started on aspirin 325mg daily while hospitalized
which was decreased to 81mg upon discharge for her PFO bo-
vine patch closure. She was also started on metoprolol tartrate
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25mg twice a day. Hematology and oncology team advised the
patient to begin anticoagulation with apixaban 10mg twice a
day for 7 days and then to continue 5mg twice a day. She was
also advised to refrain from any substance use and educated
on the importance of medication compliance. She is sched-
uled to follow up with cardiology, cardiothoracic surgery, and
vascular neurology as an outpatient.

Discussion

A patent foramen ovale (PFO) occurs when the two mem-
branes of the atrial walls, septum primum and septum secun-
dum, fail to fuse and form the atrial septum [2]. PFO closure
usually occurs after birth, but can persist in approximately 20-
34% of the general population. Usually, the negative intratho-
racic pressure occurs with an infant’s initial breaths resulting
in closure of the foramen ovale [3]. Most individuals will be
unaware of their PFO and this will be discovered incidentally
during a cardiac evaluation such as an echocardiogram [3].
However, there are instances in which the PFO will serve as a
conduit through which thrombi might travel. In such events,
patients may present with ischemic strokes in the setting of a
paradoxical embolus [3].

Therefore, patients who present to hospital with acute stroke
deemed to be in the setting of a PFO, cardiology should be
consulted and the possibility of PFO closure should be consid-
ered. The Risk of Paradoxical Embolism (RoPE) score has been
proposed to predict the probability that the PFO is “causally-
related” to a patient’s stroke [4]. In a pooled analysis published
in Stroke, the three trials CLOSURE-I, RESPECT, PC were exam-
ined to evaluate the treatment effect of PFO closure and rela-
tive risk reduction (RRR) in PFO closure across various RoPE
scores [4]. The study illustrated that the RRR was 69% in pa-
tients with a RoPE score of 7 or greater whereas the RRR was
only 18% in RoPE score of less than 7 [4]. Furthermore, cer-
tain stroke characteristics suggest paradoxical embolic stroke
in the setting of PFO. These include cortical infarcts, multiple
vascular distribution strokes, and multiple strokes at different
ages in the same vascular territory [5]. Moreover, other pos-
sible etiologies such as arterial dissection, cardioembolism,
atrial fibrillation, atherosclerosis, and hypercoagulable states
should be ruled out [5]. Although PFO closure may be indi-
cated, this does not come without risks.

Complications are not common, but could include device em-
bolization, residual shunt, device erosion and cardiac perfo-
ration, atrial fibrillation, and thrombus formation [5]. In the
RESPECT, REDUCE, and CLOSE trials, the incidence of atrial
fibrillation was 1.2%, 6.6%, and 2.5%, respectively [5]. A PFO
closure device, like any foreign body, is thrombogenic. The
RESPECT trial did not detect any PFO device thrombus forma-
tion, however, in the REDUCE trial, 0.5% of patients were dis-
covered to have developed a device thrombus [5]. Thrombus
formation is uncommon and ranges from 0.7-1% and has been
documented to occur during implantation and post-procedur-
ally. Most commonly detected 4 weeks after implantation [6].
An article published in the Journal of American College of Car-
diology examined 1000 patients who underwent closure of a
PFO or atrial septal defect (ASD). A thrombus was formed in
1.2% of ASD closure patients and 2.5% of PFO closure patients
[7]. Interestingly, 1.1% of patients had a left atrial thrombus
and 0.6% of patients had a right atrial thrombus. 0.3% percent
were found to have thrombus formation on both sides of the

of the closure device [7].
Conclusion

The presence of a PFO in a patient who presents with stroke
should prompt the clinician to further evaluate the likelihood
of paradoxical embolism. The assistance of medical specialists
with scoring systems in place, are useful to assess the need
for PFO closure. We present an interesting and rare case of
thrombus formation on both sides of a PFO closure device.
There is a paucity of literature that describe such cases, and
due to its rare occurrence, we feel that there is no indication
to change the current recommended surveillance guidelines
following PFO closure.
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