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Embolization of  
Patent Foramen Ovale 
Closure Devices 
Incidence, Role of Imaging in Identification,  
Potential Causes, and Management

Transcatheter patent foramen ovale (PFO) closure is an alternative to antiplatelet or antico-
agulative therapy in patients with cryptogenic stroke, and it is associated with a small inci-
dence of periprocedural sequelae. Because embolization of PFO closure devices is a very 
rare procedural complication, data on its frequency, causes, and management are sparse. 
We sought to review the medical literature and the cases of PFO closure-device emboli-
zation at our institution with the aim of identifying likely problems and reporting potential 
solutions. Out of 310 adult patients who underwent transcatheter PFO closure from June 
2002 through April 2011, there were 2 cases (0.6%) of PFO closure-device embolization. In 
both patients, hypermobile septum primum and thick septum secundum were present. In 
one patient, failure to use a sizing balloon might have resulted in an underestimation of the 
PFO’s size. In both patients, device embolization was identified in a timely fashion, the em-
bolized device was safely retrieved, and the PFO was percutaneously closed with success. 

The incidence of PFO closure-device embolization is very low. The cases described 
here underscore the importance of imaging in the identification of morphologic predisposi-
tions to closure-device malpositioning, in the recognition of impending embolization, and 
in the timely management of embolization. (Tex Heart Inst J 2013;40(4):439-44)

S everal studies1-3 have shown the feasibility of transcatheter patent foramen 
ovale (PFO) closure as an adjunct or alternative to antiplatelet or anticoag-
ulative therapy in patients with cryptogenic stroke. Procedural sequelae are 

rare. In a meta-analysis of 10 studies consisting of more than 1,350 patients with 
transcatheter PFO closure,4 major sequelae (death, tamponade, hemorrhage requir-
ing blood transfusion, fatal pulmonary embolism, and need for surgical intervention) 
occurred in 1.5% of patients, and minor sequelae (device embolization with percuta-
neous retrieval, arrhythmias, device fracture, asymptomatic device thrombosis, symp-
tomatic air embolism, and groin sequelae) occurred in 7.9% of patients. Data exist on 
the predisposing factors for embolization of atrial-septal-defect closure devices (inad-
equate rim and undersized device)5-8; but PFO closure-device embolization is such a 
rare complication that data on its frequency, causes, and management are sparse.1,9,10

 We sought to review the literature on PFO closure-device embolization and to de-
scribe such cases at our institution with the aim of identifying likely problems and re-
porting potential solutions. Table I shows the baseline characteristics of patients who 
underwent PFO closure from June 2002 through April 2011 at our institution, the 
indications for closure, and the different types of devices used. Out of 310 patients, 2 
experienced device embolization (0.7%) during transcatheter PFO closure.

Case Reports

Patient 1
The first patient to experience device embolization was an 83-year-old woman with 
recurrent transient ischemic attack. Cerebrovascular imaging, Holter monitoring for 
atrial arrhythmia, and panel testing for hypercoagulability yielded unremarkable re-
sults. She was not a candidate for anticoagulative therapy due to hematemesis while on 
therapeutic anticoagulation for lower-extremity deep-vein thrombosis 2 months ear-
lier, for which an inferior vena cava filter had been placed. Transesophageal echocar-

Case
Reports

Sachin S. Goel, MD
Olcay Aksoy, MD
E. Murat Tuzcu, MD
Richard A. Krasuski, MD
Samir R. Kapadia, MD, FACC

Key words: Contrast media/
diagnostic use; device 
removal/methods; echocar-
diography, transesophageal; 
fluoroscopy; foramen ovale, 
patent/radiography/thera-
py/ultrasonography; foreign 
body migration; ischemic 
attack, transient/prevention 
& control; prosthesis implan-
tation/adverse effects; sep-
tal occluder device/adverse 
effects; stroke/prevention & 
control

From: Department of 
Cardiovascular Medicine, 
Cleveland Clinic Foundation, 
Cleveland, Ohio 44195

Address for reprints: 
Samir R. Kapadia, MD, 
FACC, Department of 
Cardiovascular Medicine, 
Cleveland Clinic Founda-
tion, J2-3, 9500 Euclid Ave., 
Cleveland, OH 44195

E-mail: kapadis@ccf.org



Volume 40, Number 4, 2013440      Embolization of PFO Closure Devices

diography (TEE) revealed a PFO with early right-to-left 
shunting. There was also an atrial septal aneurysm with 
a total septal excursion of approximately 18 mm. The 
septum secundum was 11 mm thick. The patient was 
referred for percutaneous transcatheter PFO closure.
 Two 11F femoral vein sheaths were placed, one on 
each side. After the PFO had been crossed with a Goo-
dale-Lubin catheter, a 9F Amplatzer® delivery sheath 
(St. Jude Medical, Inc.; St. Paul, Minn) was advanced 
into the left atrium. Balloon sizing was not performed 
because it was not routine at that time. A 25-mm 
Amplatzer® PFO Occluder (St. Jude Medical) was 
delivered through the sheath and deployed across the 
atrial septum. The device initially seated well, and de-
ployment was confirmed on “push and pull.” When the 

TABLE I. Baseline Characteristics of 310 Patients  
Who Underwent Transcatheter PFO Closure

      Characteristic Value

Age, yr 52 ± 15

Male sex 158 (51)

Body surface area, m2 1.9 ± 0.3

Systolic blood pressure, mmHg 127 ± 18

Hypertension 118 (38)

Hyperlipidemia 133 (43)

Diabetes mellitus 27 (9)

Smoking 40 (13)

Creatinine, mg/dL 0.9 ± 0.5

Hemoglobin, g/dL 14 ± 4

Platelet count, x103/µL 234 ± 72

Potassium, mmol/L 4.2 ± 0.4

Indication for PFO closure

   Cryptogenic stroke 145 (47)

   Cryptogenic transient ischemic attack 119 (38)

   Orthodeoxia 18 (6)

   Migraine 28 (9)

Type of PFO closure device

   Amplatzer 118 (38)

   CardioSEAL 107 (35)

   Helex 80 (26)

   StarFlex 5 (2)

Orifice size by fluoroscopy, mm 10.5 ± 4

Orifice size by intracardiac echocardiography, mm 10.5 ± 4.1
 
PFO = patent foramen ovale 
 

Data are presented as mean ± SD or as number and percentage.

A

B

C

Fig. 1  Patient 1. A) Fluoroscopic image (lateral view) shows slip-
page of the device immediately after deployment. B) Right atrial 
angiogram after device deployment shows the right border of 
the device (curved white line) to be on the left side of the sep-
tum secundum (arrow) instead of the right side. C) Transesopha-
geal echocardiogram shows the malpositioned device. Note also 
the PFO, still present after device embolization. 
 

LA = left atrium; PFO = patent foramen ovale; RA = right atrium; 
SS = septum secundum; SP = septum primum
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device was then released, it almost immediately slipped 
from the septum secundum. This was recognized on in-
tracoronary echocardiographic (ICE) imaging and flou-
roscopy (Fig. 1A) and confirmed on angiography and 
TEE (Figs. 1B and 1C). An attempt at retrieval with a 
gooseneck snare dislodged the device into the left atri-
um. Subsequent embolization occurred through the left 
ventricle and the thoracic aorta into the proximal ab-
dominal aorta. At this point, 12F sheaths were placed 
in the right and left femoral arteries. The device was ini-
tially immobilized with a snare from the right femoral 
artery. The right atrial disc button was then snared from 
the left femoral artery, and the device was successfully 
retrieved (Fig. 2A). Then a 35-mm Amplatzer PFO 
Occluder was successfully deployed across the PFO, and 
placement was confirmed by TEE, ICE, and fluorosco-
py (Figs. 2B and 2C). A transthoracic echocardiogram 
(TTE) performed on the following day showed that the 
device was well seated across the interatrial septum: nei-
ther color-flow Doppler nor agitated saline contrast so-
lution revealed flow across the PFO. Similarly, 6 months 
later, a TTE showed the device to be well seated, with 
no flow evident by color Doppler or saline contrast.

Patient 2
A 52-year-old man presented with sudden onset of a 
blind spot in his left eye from embolic occlusion of the 
left retinal artery. Further diagnostic evaluation—via 
computed tomography of the brain, carotid ultrasonog-
raphy, magnetic resonance imaging and angiography of 
the brain, digital cerebral angiography, hypercoagulable 
panel, and 48-hour Holter monitoring—was unreveal-
ing. A TTE showed a mobile interatrial septum and a 
large shunt consistent with PFO. A TEE showed a sep-
tum secundum 12 mm thick, an aneurysmal septum 
primum with a total septal excursion of about 29 mm, 
a tunnel 33 mm long (Fig. 3A) and a large PFO with 
significant passage of bubbles. The patient refused an-
ticoagulative therapy and was referred for PFO closure.
 After the PFO had been crossed with a Goodale-
Lubin catheter, a 25-mm NMT sizing balloon mea-
sured the stretched diameter of the PFO at 15 mm by 
both fluoroscopy and ICE. A 30-mm Gore® Helex® 
Septal Occluder (W.L. Gore & Associates, Inc.; Flag-
staff, Ariz) was delivered and deployed across the PFO. 
The device was noted to be in correct position after 
the locking loop was deployed, but almost immediate-
ly after release, the device slipped from the septum se-
cundum (Fig. 3B) and settled mostly in the left atrium 
(Fig. 3C). The Helex occluder was pulled through the 
PFO tunnel with a forceps retrieval device. By means 
of a gooseneck snare, it was pulled successfully through 
the delivery sheath and removed via the venous sheath. 
The PFO was closed with a 35-mm Amplatzer “Crib-
riform” device (AGA Medical Corp.; Plymouth, Minn.) 
successfully deployed across the PFO without complica-

Fig 2.  Patient 1. A) Fluoroscopic image shows the device being 
snared from the abdominal aorta. B) Transesophageal echocar-
diogram shows correct device placement. C) Fluoroscopic image 
(lateral view) shows correct device placement. 
 

Ao = aorta; LA = left atrium; RA = right atrium;

A

B
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tion (Figs. 2D and 2E). A TEE performed on the next 
day showed the Amplatzer device to be well seated, 
with no f low evident across the interatrial septum by 
color-flow Doppler or agitated saline contrast solution.

Discussion

The incidence of migration or embolization of  PFO 
closure devices was low in our series, only 0.7%. In 
both cases, the migration and embolization was identi-

fied during the index procedure and successfully treat-
ed with percutaneous retrieval of the embolized device. 
These cases highlight the predisposing anatomy, imag-
ing clues for device migration, and practical tips for the 
prevention and management of such sequelae.
 The incidence of PFO device embolization reported 
in prior studies is 0.7% to 1.2%,1,9-11 similar to that of 
our series. Upon investigating the reasons for device em-
bolization, we noted that the cases reported here have 2 
morphologic features in common—an aneurysmal atri-
al septum and a thick septum secundum (>10 mm). In 
addition, Patient 2 had a very long tunnel (33 mm). In 

Fig. 3  Patient 2. A) Transesophageal color-flow echocardiogram 
shows the patent foramen ovale with a tunnel 33 mm in length 
(white arrow), a septum secundum 12 mm thick (black arrow), 
and an atrial septal aneurysm (red arrow). B) Fluoroscopic image 
(lateral view) shows device embolization to the left atrium.  
C) Intracardiac echocardiogram shows device embolization 
(arrow) to the left atrium. D) Fluoroscopic image (lateral view) 
shows proper device deployment. E) Intracardiac echocardio-
gram shows proper device placement. 
 

LA = left atrium; RA = right atrium
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a previously published report,12 we found a mean tun-
nel length of 14 mm in a group of 58 patients who un-
derwent transcatheter PFO closure for recurrent stroke 
or transient ischemic attack. Our Patient 1 had a mo-
bile interatrial septum (maximum excursion, 18 mm) 
and a thick septum secundum (11 mm). A 25-mm 
Amplatzer device—deployed in Patient 1 without 
balloon sizing—slipped from the septum secundum. 
At the time of this procedure, there was no consensus 
that balloon sizing should be applied to all patients. We 
have since routinely used balloon sizing to determine 
not only the size but the shape of the PFO.13,14 Balloon 
sizing poses no additional risk.15 Despite this, some op-
erators still do not use balloon sizing routinely.16,17 In 
fact, balloon sizing was not recommended in the in-
structions-for-use document provided by AGA Medical, 
the manufacturer of the Amplatzer PFO Occluder. In 
retrospect, lack of balloon sizing and the atrial septal 
aneurysm were felt to be risk factors for device embo-
lization in Patient 1. Larger devices are usually recom-
mended in cases of atrial septal aneurysm in order to 
cover the entire redundant and mobile septum.18 A larg-
er device is less likely to slip from the septum secundum, 
yet it allows mobility of the septum primum between 
the disks of the device, which can lead to residual shunt. 
In order to minimize the risk of device erosion, caution 
must be exercised to ensure that a large device does not 
impinge on nearby structures, most notably the aortic 
root or the superior wall of the left atrium.19 Further-
more, our 2 cases of device embolization occurred early 
in our operators’ experience with transcatheter PFO clo-
sure (among their first 25 cases). Although it is possi-
ble that more experience can mitigate the occurrence 
of such sequelae during transcatheter PFO closure, we 
cannot say this conclusively or objectively, given the lack 
of data.
 Patient 2 also had a very mobile interatrial septum 
(total septal excursion, ca. 29 mm) and a thick septum 
secundum (12 mm). In addition, this patient had a long 
PFO tunnel (33 mm). On the basis of these measure-
ments, together with f luoroscopic and ICE measure-
ments that showed a PFO diameter of 15 mm, we 
selected a 30-mm Helex device, which embolized 
soon after deployment. A randomized study (published 
in 2008) that compared 3 types of PFO closure devic-
es found that device embolization occurred most often 
in patients who received the Helex device.20 Two of 
the 3 patients in that study who experienced Helex 
device embolization had an aneurysmal atrial septum. 
A long PFO tunnel can cause partial deployment (in 
the tunnel) of one of the discs. In fact, a less compliant 
device (such as the Amplatzer PFO Occluder), when 
deployed across a PFO with a long tunnel, will cause 
that tunnel to retract or even to disappear, because 
the compliant septum primum is displaced inferior-
ly in such a manner that the 2 discs straddle the sep-

tum.21 Therefore, the Amplatzer “Cribriform” device 
was subsequently chosen for Patient 2, and this resulted 
in successful closure of the PFO without complication. 
Other techniques for possible use in cases of a long PFO 
tunnel include transseptal puncture, balloon “detunnel-
ization,”22 or other types of closure (with, for example, 
the Premere PFO closure device [St. Jude Medical]) 
that enable the operator to adjust the distance between 
the right and left arms in order to fit the PFO tunnel.23 
It remains to be seen, in clinical trial, whether some spe-
cific closure devices are better suited than others to par-
ticular PFO anatomies.
 Summary. The incidence of PFO closure-device em-
bolization is very low. The cases described here under-
score the importance of imaging in the identification of 
morphologic predispositions to closure-device malposi-
tioning and in the recognition and timely management 
of embolization.
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