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Left atrial appendage closure (LAAC) devices can be inadvertently released into
unfavorable locations, which may allow them to migrate to a different position within
the left atrial appendage or embolize from the heart into the aorta. In such instances, it
can be challenging to remove the LAAC device. Here, we present two cases in which
patients with atrial fibrillation experienced LAAC device exposure at an inappropriate
site because of interventional operator error and device mismatch: (a) the LAAC device
was dislodged into the aortic arch and retrieved percutaneously from the femoral artery
route, and (b) in the left atrium, which was dislodged into the left atrium and retrieved
via atrial transseptal puncture of the femoral vein.
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INTRODUCTION

Atrial fibrillation (AF) is one of the most common cardiac arrhythmias. Patients with AF are at
high risk of ischemic stroke and require long-term or even life-long anticoagulation therapy. The
left atrial appendage (LAA) is the site most prone to thrombosis in patients with AF. LAA occluders
are not only an alternative method of anticoagulation therapy, but also a contraindication for oral
anticoagulation, and several occluders, including those made in China, have been used in clinical
practice (1). The device detachment after left atrial appendage closure (LAAC) has a low incidence
rate but carries a fatal risk. Herein, we report two cases of LAAC device detachment in which the
LAAC devices were removed via the percutaneous femoral artery or femoral vein retrieval. We also
analyzed the possible treatment strategies following a review of the available literature.

CASE DESCRIPTION

Case 1 involved a 69-year-old male patient with a history of persistent AF, hypertension, diabetes,
cerebral embolism, and transient ischemic attack for > 10 years. The patient had a history
of taking warfarin but had self-discontinued the medication. Transthoracic echocardiography
revealed the following findings: left atrium (LA), 44 mm; left ventricle (LV) end-systole,
46 mm; LV end-diastolic, 55 mm; LV ejection fraction, 58%; mitral calcification with minimal
regurgitation; and minimal aortic regurgitation. Both the CHA2DS2-VASc and HAS-BLED scores

Frontiers in Cardiovascular Medicine | www.frontiersin.org 1 July 2022 | Volume 9 | Article 905344

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2022.905344
http://creativecommons.org/licenses/by/4.0/
mailto:zhihong_zhao@pku.org.cn
https://doi.org/10.3389/fcvm.2022.905344
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2022.905344&domain=pdf&date_stamp=2022-07-06
https://www.frontiersin.org/articles/10.3389/fcvm.2022.905344/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


fcvm-09-905344 June 30, 2022 Time: 15:6 # 2

Wang et al. Retrieval of LAAC Devices

were 6 points. LA computed tomography angiography
(CTA) excluded LA thrombus. The patient underwent a
combination of catheter ablation and LAAC in a single
procedure. Transesophageal echocardiography (TEE) measured
an LAA ostial of 25–30 mm and an effective depth of 28 mm
(Figure 1A). Digital subtraction angiography (DSA) measured
the LAA opening as 28 mm and the depth as 31 mm (Figure 1B).
The Watchman 33-mm device (Boston Scientific, Marlborough,
MA, United States) was released, with a compression ratio of
15–24% and no residual peri-device leak (Figure 1C), then
proceeded to complete AF pulmonary vein isolation ablation.
After returning to the ward, the patient developed a cough
and shortness of breath. Bedside echocardiography did not
show the LAA occluder, and a chest CT scan revealed that the
occluder was in the aortic arch (Figure 1D). A 5-French (Fr)
Tig angiography catheter (Terumo Corporation, Tokyo, Japan)
was sent through the radial artery to the aortic arch for relative
fixation of the occluder. Next, the 5-Fr pigtail angiography
catheter was sent through the 6-Fr sheath of the left femoral
artery to the right femoral artery puncture site to delineate to
ensure that the puncture site was located in the middle of the
femoral artery. After a successful puncture of the right femoral
artery, two ProGlide vascular staplers (Abbott, Chicago, IL,
United States) were pre-set at the puncture site. A Watchman
guide system 16-Fr sheath (Boston Scientific) was sent under the
occluder through the femoral artery, and a 7-Fr guide catheter
was sent through the sheath to the occluding umbrella. Next,
the Amplatzer gooseneck snare, a 20 or 40-mm mesh basket
guidewire (Medtronic, Minneapolis, MN, United States), was
caught and covered. The occluder was pulled down to the
descending aorta. Then, the 2.4-mm × 20-cm Raptor grasping
device (Raptor US Endoscopy, Mentor, OH, United States) was
advanced through the 16-Fr sheath into the LA to clamp the
trabeculae of the umbrella. After intrathecal injection of ice-cold
0.9% saline, the vascular sheath was pushed, the occluding
umbrella was recovered into the sheath (Figures 1E,F), and
the Watchman occluder was removed (Figure 1G). When the
vascular sheath was withdrawn, the femoral artery was sutured
with ProGlide at the puncture site of the femoral artery. Then,
the patient was returned to the ward safely, and LAAC was
performed again 5 months later. In this later surgery, the 33-mm
Watchman was placed, and DSA and TEE confirmed that the
Watchman device was properly positioned (Figures 1H–J).
The compression ratio was 15–20%, and there was no residual
leakage. The postoperative follow-up re-examination of TEE
was normal. Six months later, a chest CT showed that the LAA
occluder was in a good position (Figure 1K).

Case 2 involved an 86-year-old male patient with a history of
persistent AF for 3 years and an implanted pacemaker because
of bradyarrhythmia for 6 years. His CHA2DS2-VASc score was 5
points, and his HAS-BLED score was 2 points. After cryoablation,
LAAC was performed, in which the diameter of the LAA opening
as measured by TEE was 18.3–22 mm and the anchoring zone
was 16.5–24.4 mm (Figure 2A). The LAA showed a chicken wing
shape. The diameter of the opening of the LAA as measured
by DSA was 28.6 mm, and the anchoring area was 31.5 mm
(Figure 2C). A Lacbes 2834 device was delivered (Figure 2D).

TEE showed that the shoulder of the fixed column was mildly
exposed, and the residual shunt at the upper edge was 4.3 mm,
which was within the allowable range. The occluder was slowly
released after pulling it steadily (Figure 2B). After returning
to the ward, the patient had no chest tightness or shortness
of breath, but he did complain of drowsiness, and his blood
pressure dropped to 58/41 mmHg, with a heart rate of 60
beats/min. Subsequently, dopamine 20 mg was administered
intravenously while increasing the rate of fluid replacement to
maintain blood pressure. Bedside echocardiography showed that
the occluder had drifted in the LA, and the possibility of the
occluder detaching was considered. Emergency LAA occlusion
umbrella capture was performed under general anesthesia with
endotracheal intubation and ventilator-assisted breathing. Under
DSA, the occluder was seen floating in the LA (Figure 2E). The
atrial septal puncture was performed twice through the right
femoral vein route. Two 14-Fr cryoablation steerable sheaths
were sent to the LA. A pigtail catheter (Terumo) was delivered
across the mitral valve to prevent the occluder from crossing
the mitral valve and traveling into the LV. The Raptor grasping
device and pigtail catheters were sent through another sheath,
and the latter was used to attempt to fix the occluder in an
appropriate position, i.e., coaxial alignment of the jaws of the
Raptor grasping device to the center of the Lacbes disc. Once
the disc was grasped, sustained traction initially dislodged the
proximal disc from the LA, and the occluder was pulled back
to the sheath (Figures 2F–H); then, the Lacbes 2636 device
was placed in the LAA (Figures 2I,J). After discharge, warfarin
was used to control the international normalized ratio (INR)
to 2–3. Results of the 3-month postoperative follow-up re-
examination of TEE were normal. Long-term oral administration
of clopidogrel antiplatelet drugs was enacted. During the follow-
up period, the patient’s quality of life was good, and persistent
follow-up will be conducted.

DISCUSSION

The LAA is the most common site of atrial thrombus in
AF (2). LAAC is a viable strategy for stroke risk reduction
in patients with non-valvular AF who can tolerate systemic
oral anticoagulation therapy but are unsuitable candidates for
long-term anticoagulation (3). Occluder detachment is one of
the most serious complications of LAAC. Complications have
been reported in the ASAP study, which included thoracotomy
and percutaneous interventional methods (4, 5). Most occluder
detachments occur during the perioperative period but can also
happen any time from hospital discharge to 1 year later (6,
7). LAA detachment is usually asymptomatic unless the patient
is hemodynamically affected; for example, in our case 2, the
occluder fell into the LA and hung on the mitral valve, resulting
in a drop in blood pressure. If the occluder lodges in the mitral
valve or aortic valve, it may lead to sudden death.

We described two cases of percutaneous retrieval of dislodged
LAAC devices from the LA and aorta through the femoral artery
and femoral vein routes, respectively. In case 1, after LAAC, the
ablation catheter was touched and the occluder fell out of the LAA
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FIGURE 1 | After LAAC, the occluder fell off into the aortic arch and was feathered out, before the 33-mm Watchman device was occluded again. (A,I,J) LA TEE
images. (A) Preoperative LAA: ostial of 25–30 mm and an effective depth of 28 mm. (I,J) Two-dimensional and 3-dimensional images after the second closure with
the Watchman device. (B,C,E,F,H) DSA images. (B) Preoperative LAA with an opening of 28 mm and a depth of 31 mm. (C) After occlusion with the 33-mm
Watchman device. (E,F) Endoscopic Raptor forceps were used to clamp the umbrella trabeculae and drag it into the sheath. (H) Second closure with the Watchman
device. (D,K) Chest CT image. (D) Occluder in the aortic arch. (K) LAAC with the Watchman device. (G) Modified occluder.

FIGURE 2 | After LAAC, the occluder detached into the LA and was retrieved, before the Lacbes 2834 device was occluded again. (A,B,I) TEE images.
(A) Preoperatively, the diameter of the LAA opening was 18.3–22 mm and the diameter of the anchoring area was 16.5–24.4 mm. (B) The Lacbes 2834 was placed
in LAA, the fixed column was exposed, and the residual shunt at the upper edge was 4.3 mm. (I) After the second LAAC procedure with Lacbes 2636, the covering
disc adhered well and had no residual shunt. (C–H,J) DSA images. (C) Preoperatively, the diameter of the LAA change opening was 28.56 mm and the diameter of
the anchoring area was approximately 31.47 mm. (D) After closure with the Lacbes 2834 device. (E) The Lacbes fell into the LA. (F–H) Endoscopic Raptor forceps
were used to clamp the umbrella trabeculae and drag them into the sheath. (J) After the second LAAC procedure with the Lacbes 2636 device.

during pulmonary vein isolation. In case 2, after cryoablation,
LAAC was performed, and because the selected occluder size is
small for the LAA, it fell out of the LAA. The Raptor grasping
device was designed by gastroenterologists for retrieving foreign
bodies, which has a hybrid jaw configuration that combines
alligator and rat tooth capabilities into a single device, increasing
its gripping ability. Its design played a key role in tightly grabbing
and withdrawing the devices in our cases. However, caution is
recommended while engaging the LAAC device due to the risk
of vascular wall damage from inadvertently grasping the vascular
wall; in this series, 14-Fr and 16-Fr sheaths provided a large
enough lumen and support to accommodate full device retrieval.

The findings of the concrete analysis of 18 cases of LAA
occluder detachment published from 2013 to 2021 (4, 6–17) are

as follows: the duration of occluder detachment occurs from
the day the patient is discharged to 1 year later; among these
patients, 70% are asymptomatic, while 30% have hemodynamic
instability, arrhythmia, and cerebral infarction. Reasons for
occluder detachment include the variable shape of the LAA, the
fixed type of occluder, the unsuitability of the occluder for the
LAA, and no clear reason. The positions where the occluder falls
off include the aorta (32%), the LV (29%), and the LA (25%), and
looseness in the LAA also contributes to occluder detachment
(14%), which can cause mitral valve damage, hemodynamic
instability, or ventricular arrhythmia. The following procedures
can be performed simultaneously: thoracotomy to remove the
LAA occluder, aortic valve replacement, mitral valve replacement
or repair, atrial fibrillation (AF) Maze surgery or ablation, and
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LAA resection or suture or clipping. The occluder can be
percutaneously retrieved from the LA cavity, LAA, or the LV
cavity, and even from the aorta. When percutaneous retrieval
is expected to be difficult, surgical retrieval should be actively
considered (3).

The materials used for percutaneous retrieval of occluders
include a 14-Fr cryoablation Agilis sheath, 16-Fr LAA occluder
introducer sheath, and 4-Fr Agilis sheath for mitral valve
clipping (MitraClip; Abbott), or 27-Fr sheath used for wireless
pacemaker (Micra; Medtronic). The capture devices include the
gooseneck snare, Ensnare (Merit Medical Inc., South Jordan, UT,
United States), a self-made capture device, or Raptor grasping
device. It should be noted that the iatrogenic patent foramen
ovale was caused by percutaneous retrieval of the occluder
through the fossa ovalis.

In conclusion, we herein reported two case studies of LAA
occluder detachment where the occluder dislodged and drifted
in the aortic arch in one case and the LA in the other. Both
occluders were successfully retrieved via a femoral artery or
femoral vein route, respectively. The causes, characteristics, and
removal methods of the LAA occluder were summarized by
combining our cases with those reported previously.
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