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OBJECTIVES This is a first report of the safety and 1-year outcomes of left atrial appendage closure (LAAC) using a

novel foam-based conformable device, guided by intracardiac echocardiography (ICE).

BACKGROUND Limitations of current transcatheter LAAC devices include the need for precise coaxial delivery into the

left atrial appendage (LAA), potential for traumatic implantation, incomplete LAA seal, and device-related thrombus.

METHODS The device (Conformal Left Atrial Appendage Seal, Conformal Medical Inc) is a self-expanding occluder

consisting of a cylindrical nitinol endoskeleton with low-profile anchor barbs around the midpoint, covered with a porous

foam cup. In a prospective single-center series, under conscious sedation, the device was delivered under fluoroscopic

and ICE guidance. After positioning, a transesophageal echocardiography probe was placed to confirm ICE findings before

device release. After closure, dual antiplatelet therapy was administered for 6 months. Follow-up imaging was planned

for 45 days and 6 and 12 months.

RESULTS A total of 15 patients (age 71.3 � 10.8 years, 33% men, CHA2DS2-VASc 4.1 � 1.7, HAS-BLED 3.4 � 1.4) un-

derwent LAAC, 100% successfully. There were no procedure/device-related complications requiring intervention.

Asymptomatic pericardial effusion occurred in 2 patients. The 45-day, 6-month, and 12-month follow-up imaging in 11, 9,

and 13 patients, respectively, revealed adequate LAA seal (leak #5 mm) in all patients; device-related thrombus was

detected in 1 patient at 6 months. Over 1-year follow-up, there were no ischemic strokes and 1 minor bleed. Nonpro-

cedure-/device-related death occurred in 2 patients.

CONCLUSIONS This first report indicates that LAAC with the conformable implant guided by ICE imaging is feasible

with encouraging 1-year clinical outcomes. (The Conformal Prague Study; NCT04193826)

(J Am Coll Cardiol EP 2021;-:-–-) © 2021 Published by Elsevier on behalf of the American College of Cardiology

Foundation.
E chocardiographic evidence that the left atrial
appendage (LAA) is the source of thrombi in
w98% of patients with nonvalvular atrial

fibrillation (AF) supports the development of trans-
catheter therapies to occlude the LAA, thereby pre-
venting stroke and systemic thromboembolism (1-3).
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was noninferior to warfarin for the primary
composite endpoint of stroke, systemic
embolism, or cardiovascular death (4,5).
In addition, a recent meta-analysis of 3
randomized clinical trials—PROTECT-AF,
PREVAIL, and PRAGUE-17—demonstrated
acceptable benefit to risk ratios for left atrial
appendage closure (LAAC) in patients with
nonvalvular AF and a high risk for stroke or
systemic embolism. Device implantation
was associated with a w78% reduction in
hemorrhagic stroke and a 47% reduction in
cardiovascular death at a mean follow-up of
38 � 17 months (6). Furthermore, other LAAC devices
such as Amplatzer Cardiac Plug (Abbott Laboratories)
E 1 Study Enrollment and Follow-Up

device-related thrombus; ICE ¼ intracardiac echocardiography; LA
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(7,8) and LAmbre (Lifetech Scientific) (9) showed
favorable efficacy for the prevention of AF-related
thromboembolism.

Although LAAC with these various devices repre-
sents an important advance in stroke prevention for
patients with AF, important limitations and oppor-
tunities for improvement exist. This includes
addressing the technical challenges of implantation
(coaxial delivery of the implant), restrictions of the
types of LAA anatomies that can be effectively sealed,
minimizing trauma during implantation, lowering the
rate of residual peridevice leak, and device-related
thrombus (DRT). In addition, there is a current need
to perform extensive imaging involving a trans-
esophageal echocardiography (TEE), which requires
A ¼ left atrial appendage; TEE ¼ transesophageal echocardiography.
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FIGURE 2 Conformal Device

(A) Left atrial face with polytetrafluoroethylene (ePTFE) cover. (B) Side view showing anchors and ePTFE attachment. (C) Inside view showing the nitinol endoskeleton,

foam, ePTFE inner cover, and tether pin. (D) Autopsy image of the implanted device. (E) Available in 2 sizes: 27 and 35 mm. (F) Delivery system.
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general anesthesia for precise device sizing and im-
plantation. Accordingly, in a nonrandomized, pro-
spective single-center study, we examined feasibility,
safety, and effectiveness of LAAC using a novel foam-
based conformable device. Further, we assessed its
implantation guided by intracardiac echocardiogra-
phy (ICE) as an alternative to TEE guidance.
METHODS

STUDY DESIGN AND POPULATION. This prospective,
single-center, open-label, single-arm study
(NCT04193826) was performed to evaluate the safety
and technical performance of the foam-based LAAC
device (Conformal Left Atrial Appendage Seal—
CLAAS; Conformal Medical Inc). The study cohort
included patients with nonvalvular AF who were at
increased risk for thromboembolism based on
CHA2DS2-VASc scores and who were recommended
for oral anticoagulation therapy, but who had an
appropriate rationale to seek a nonpharmacologic
alternative to oral anticoagulation. In this prospective
registry, consecutive patients who met the study in-
clusion/exclusion criteria underwent the procedure
in accordance with the manufacturer’s guidelines
between December 2019 and March 2020, using ICE to
guide device implantation under local anesthesia
Downloaded for Anonymous User (n/a) at Icahn Sc
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with moderate sedation (Figure 1). Written and
informed consent was obtained from each patient,
and the study was approved by the Homolka Hospital
institutional ethical committee and country regula-
tory authorities.

STUDY INCLUSION/EXCLUSION CRITERIA. The pa-
tient cohort had a diagnosis of nonvalvular AF
(paroxysmal, persistent, or permanent), were $18
years of age, had CHA2DS2-VASC $2, had an appro-
priate rationale to seek a nonpharmacological alter-
native to OAC, had a patient condition that allows
adequate ICE/TEE assessment, and provided IRB-
approved written informed consent.

Study exclusion criteria included the following: 1)
prior patent foramen ovale, atrial septal defect, LAA
ligation, or prior implanted closure device; 2) a his-
tory of medical condition that mandates long-term
oral anticoagulation (pulmonary embolism or deep
vein thrombosis or mechanical heart valve); 3) severe
heart failure with left ventricular ejection
fraction <30%, NYHA functional class III-IV; 4) his-
tory of coagulopathy or bleeding diathesis with
contraindication to antithrombotic therapy; 5) docu-
mented severe carotid stenosis (>50% stenosis with
prior ipsilateral stroke/TIA or >70% asymptomatic
stenosis); 6) recent history of stroke/transient
ischemic attack (within 60 days) or myocardial
hool of Medicine at Mount Sinai from ClinicalKey.com by Elsevier on 
ses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



FIGURE 3 Conformability Testing

(A) Conformability testing utilizing an appropriately sized silicone tube submerged in a water bath at 37�C showing a 27- and 35-mm Conformal implant going from round

to oval and able to conform to the shape of the tube. (B) Conformability testing utilizing an appropriately sized silicone tube submerged in a water bath at 37�C showing a

27-mm Watchman 2.5 LAAC device that does not conform to the shape of the tube. (C) Graphical depiction showing response of Conformal and Watchman 2.5 devices to

compression.
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infarction (within 90 days); 7) severe renal insuffi-
ciency (estimated glomerular filtration rate <30 mL/
min/1.73 m2) or dialysis; 8) presence of dense spon-
taneous echo contrast or LAA thrombus; 9) moderate-
severe mitral valve stenosis (mitral valve
area <1.5 cm2); 10) complex mobile plaque of the
aorta; 11) symptomatic or asymptomatic pericardial
effusion (>1 cm) or signs and symptoms of pericar-
ditis; and 12) LAA anatomy unable to accommodate
the device.

FOAM-BASED LAAC DEVICE CHARACTERISTICS. The
LAAC device system is comprised of an implant and a
delivery system. The implant is a self-expanding
occluder consisting of a cylindrical nitinol endoskel-
eton (with low-profile anchor barbs around the
midpoint) covered with a porous foam cup made up
of polyurethane-carbonate matrix foam (Figure 2).
The foam is highly conformable, is porous, and pro-
motes tissue ingrowth to permanently close off the
LAA, with an endothelial layer eventually covering
the implant. The foam also provides an atraumatic
distal tip for procedure safety during implantation.
The proximal face of the porous foam cup has a
Downloaded for Anonymous User (n/a) at Icahn School of Medicine at Mo
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polytetrafluoroethylene (ePTFE) fabric cover to pro-
vide a thromboresistant outer surface, and the distal
portion of the cup extends beyond the endoskeleton
to serve as an atraumatic leading edge. The implant is
available in 2 sizes that are 27 mm (regular) and
35 mm (large) in diameter, with a landing zone of
10 mm. The endoskeleton has 2 rows of anchors: 10
each in the regular and 12 each in the large device.
The device is recapturable and redeployable before
final release from the delivery system (available as
single-curve and double-curve tips) via a flexible su-
ture/tether that attaches to a tether pin on the
endoskeleton and allows the surface to be metal free.
A 27-mm device can be used for a mean LAA diameter
ranging from 13-25 mm whereas a 35-mm device can
be used for a mean LAA diameter ranging from 20-
32 mm (10).

BASELINE TESTING. As shown in the protocol flow-
chart (Figure 1), all patients underwent preprocedure
TEE imaging within 24-48 hours of the procedure to
both ensure the absence of an LAA thrombus and
evaluate echocardiographic eligibility, including
calculation of the LAA dimensions for device sizing.
unt Sinai from ClinicalKey.com by Elsevier on 
Copyright ©2021. Elsevier Inc. All rights reserved.



FIGURE 4 Implantation of Conformal LAAC

(A) Implantation of Conformal LAAC device on fluoroscopy. (B) Device recapture on fluoroscopy. (C) Fluoroscopy imaging with contrast injection demonstrating device

stability. (D) Advancement of the Conformal device into the LAA using ICE imaging. (E) Assessment of leak: assessment of peridevice leak using Doppler color imaging.

(F) ICE imaging demonstrates a well seated Conformal device. LAAC ¼ left atrial appendage closure; other abbreviations as in Figure 1.
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No computed tomography (CT)/cardiac magnetic
resonance imaging or 3-dimensional reconstruction
software was used. Regarding the latter, because of
the relationship of the foam with the nitinol endo-
skeleton, this device is unlike many other LAAC de-
vices in that compression in one dimension will result
in expansion in the perpendicular dimension
(Figure 3).

PROCEDURE CHARACTERISTICS. All patients received
a loading dose of aspirin 81-100 mg 1 day before the
procedure. Percutaneous femoral vein access and
transseptal puncture were performed using a stan-
dard commercially available transseptal access sys-
tem using ICE and fluoroscopy. Intravenous heparin
was given prepuncture as a bolus to maintain an
activated clotting time of 250-350 seconds. A 10-Fr
AcuNav ICE catheter (Siemens) was advanced first
into the proximal pulmonary artery to exclude LAA
thrombus. The ICE catheter was then advanced
Downloaded for Anonymous User (n/a) at Icahn Sc
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through the transeptal hole into the left atrium to
visualize the LAA. LAA dimensions were obtained
with the ICE catheter positioned retroflexed facing
the LAA (analogous to the 45� TEE view), retroflexed
and rotated to across the mitral valve facing “up-
wards” toward the LAA (analogous to the 135� TEE
view) and in the left superior pulmonary vein visu-
alizing the LAA across the ridge. A pigtail catheter was
positioned in the LAA, and contrast was injected to
assess LAA morphology. LAA sizing and device land-
ing zone were assessed using preprocedure TEE, ICE,
and fluoroscopy.

After selecting the appropriate LAAC device size, it
was inserted using ICE and fluoroscopy guidance
(Supplemental Appendix, Videos 1, 2, 3, 4, 5, 6, 7, 8).
Peridevice leak was assessed with angiography and
Doppler imaging. Partial and full device recaptures
were performed if necessary to achieve optimal LAA
seal (#5 mm). A tug-test was performed to ensure
device stability (Figure 4).
hool of Medicine at Mount Sinai from ClinicalKey.com by Elsevier on 
ses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



TABLE 1 Baseline Demographics (n ¼ 15)

Age, y 71.3 � 10.8

Men 5 (33)

Age $75 y 7

CHA2DS2-VASc score 4.1 � 1.7

HAS-BLED score 3.4 � 1.4

Reason for LAA closure

Ocular bleeding 1

Fall risk 1

Stroke 1

GI bleeding 4

Stroke/TIA 3

LAA thrombus 1

Epistaxis 2

Other 2

Antithrombotic agents

Aspirin 2

Aspirin/clopidogrel 1

Aspirin/dabigatran 5

Aspirin/apixaban 6

Dabigatran 1

Stroke assessments

Questionnaire for verifying stroke-free Status 10 (67)

Modified Rankin scale 0.8 � 1.2

NIH stroke scale 0.8 � 1.5

Values are n, n (%), or mean � SD.

LAA ¼ left atrial appendage; NIH ¼ National Institutes of Health.

TABLE 2 Procedure Details (n ¼ 15)

Least LAA depth, mm 22 � 7.4

LAA orifice diameter, mm 21.7 � 4.5

Device size, mm
� Regular (27 mm)
� Large (35 mm)

11
4

Device success 15 (100)

Number of devices/procedure 1.4 � 0.7

First choicea of device (n ¼ 11)
� Full recaptures
� Partial recaptures

14
0

Second choicea of device (n ¼ 2)
� Full recaptures
� Partial recaptures

2
3

Third choicea of device (n ¼ 2)
� Full recaptures
� Partial recaptures

3
7

Procedure duration, min 55.1 � 20.6

Fluoroscopy duration, min 6 � 2.4

Contrast volume, mL 41.5 � 14.5

Peak activated clotting time, min 298 � 45

LAA leak
� Residual flow 0-2 mm
� Residual flow $3 mm

1
0

Acute complications 0

Device-related thrombus 0

Values are mean � SD or n. aChoice ¼ device size. Two patients required a second
device size. Two other patients required 3 devices (2 devices were damaged in 1
patient requiring a third device, while in the second patient a large device was used
initially followed by a regular device and subsequently a large device caused by a
difficult LAA anatomy).

LAA ¼ left atrial appendage.
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At the point of being ready to release the tether,
TEE imaging was performed: 1) to confirm implant
location and proximal sealing of the LAA ostium; 2)
evaluate peridevice leaks; and 3) to test the stability
of the device by checking the movement of the
implant relative to the LAA before release. Once
confirmed, the tether was cut and removed, thereby
deploying the device.

FOLLOW-UP. Patients were hospitalized overnight
and underwent TTE imaging before discharge for
evaluation of pericardial effusion. All patients un-
derwent a stroke assessment, which included a
Questionnaire for Verifying Stroke-Free Status
(QVSFS) and a National Institutes of Health Stroke
Scale (NIHSS), performed by a neurologist or NIHSS-
certified research staff before discharge and at 7-
day, 45-day, 6-month, and 1-year follow-up. Patients
in whom a neurological event was suspected based on
the QVSFS, NIHSS, or other signs or symptoms un-
derwent a complete neurological examination and
evaluation performed by a neurologist. In patients
with confirmed stroke, modified Rankin scale was
documented and repeated at 3 months postevent to
assess disability.

TEE/CT was scheduled at 45 days, 6 months, and
12 months to assess device position, peridevice LAA
Downloaded for Anonymous User (n/a) at Icahn School of Medicine at Mo
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flow, and DRT. All patients with adequate seal (re-
sidual leak #5 mm) at implantation received dual
antiplatelet therapy (aspirin 75-100 mg daily and
clopidogrel 75 mg daily) until 45 days based on a prior
preclinical study (10). If 45-day TEE/CT demonstrated
adequate closure, dual antiplatelet therapy (DAPT)
was continued for 6 months. If a 6-month TEE/CT
demonstrated adequate closure, DAPT was replaced
by a single antiplatelet agent (aspirin or P2Y12 inhib-
itor) to 12 months postprocedure.

CLINICAL OUTCOME MEASURES. The primary safety
endpoint was freedom from major adverse events,
evaluated at hospital discharge or at 7 days post-
procedure (whichever occurs later), and defined as
absence of the composite of all-cause mortality,
ischemic stroke, systemic thromboembolism, and
device- or procedure-related adverse events requiring
open cardiac surgery or major endovascular inter-
vention such as arteriovenous fistula repair, pseu-
doaneurysm repair, or another major endovascular
repair. Percutaneous drainage of pericardial effusion
was also included in this endpoint.

The primary performance endpoint was closure
success, defined as implantation success followed by
unt Sinai from ClinicalKey.com by Elsevier on 
Copyright ©2021. Elsevier Inc. All rights reserved.



TABLE 3 Clinical Outcomes

Primary safety endpoint (in hospital and #7 days postprocedure), %
� All-cause mortality
� Ischemic stroke/systemic thromboembolism
� Device/procedure-related adverse events requiring open cardiac

surgery or major endovascular interventions (including cardiac
tamponade and vascular injury/groin complications)

0%
0%
0%

Primary performance endpoint (Complete closure or peridevice residual
leak #5 mm in width on TEE at 45 days postprocedure)

� Closure success 15 (100)

Secondary safety endpoints (events evaluated at 45 days and 6 and
12 months)

� Major procedure-related complications
� Major safety events (mortality, stroke, major bleeding, DRT)

0%
3 (20)

Secondary performance endpoints
� Device success (peridevice residual leak #5 mm in width on ICE/TEE

post procedure)
� Procedure success (device success without major complications in

hospital or #7 days postprocedure)
� Closure success (peridevice residual leak #5 mm in width on TEE/CT

at 12 months postprocedure)

15 (100)

15 (100)

13 (100)

Minor safety events
� Pericardial effusion (no intervention)
� Minor bleeding

2 (18)
1 (6.6)

Other measures
� Ability to accurately assess device position and seal using ICE 15 (100)

Values are % or n (%).

CT ¼ computed tomography; ICE ¼ intracardiac echocardiography; TEE ¼ transesophageal echocardiography.
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complete closure or peridevice residual leak #5 mm
in width on TEE/CT at 45 days postprocedure.

The secondary safety endpoints included the
following: 1) major procedure-related complications,
defined as the composite of cardiac perforation,
pericardial effusion with tamponade, ischemic stroke,
device embolization, major bleeding (Bleeding Aca-
demic Research Consortium type 3-5), or vascular
complications requiring surgical repair or thrombin
injection evaluated in-hospital; and 2) major safety
events, defined as the composite of all-cause mor-
tality, overt central nervous system injury (Neuro
ARC defined), major bleeding (Bleeding Academic
Research Consortium type 3-5), DRT, device emboli-
zation, pericardial effusion resulting in invasive
intervention (open cardiac surgery or percutaneous
drainage), or vascular complications requiring surgi-
cal repair or thrombin injection evaluated at 45 days
and 6 and 12 months.

Secondary performance endpoints included the
following: 1) device success, defined as successful
implantation of the device in the LAA with acceptable
position and seal (peridevice residual leak #5 mm in
width on ICE postprocedure); 2) procedure success,
defined as device success without major in-hospital
procedure-related complications during hospital
stay or at 7 days, whichever is longer; and 3) closure
success, defined as closure or peridevice residual
leak #5 mm in width on TEE at 12 months
postprocedure.

STATISTICAL ANALYSIS. Categorical variables were
expressed as counts or percentages, while continuous
variables were expressed as mean � SD. All endpoints
are reported using appropriate descriptive statistics
in the primary analysis population, and no hypothesis
testing was performed. The intention to treat analysis
population was defined as all subjects enrolled in the
study (the point of enrollment is introduction of the
access sheath into the patient’s body), regardless of
the treatment received.

As a secondary analysis, all endpoints were eval-
uated in the implanted patient population, defined as
all subjects who leave the catheterization laboratory
with an implanted device. As this was an early feasi-
bility study, sample size testing was not performed.

RESULTS

BASELINE CHARACTERISTICS. A total of 16 patients
were screened and enrolled. One patient met study
exclusion criteria after preprocedure TEE imaging
revealed a surgically resected LAA. A total of 15 pa-
tients underwent LAAC with the device. No patients
Downloaded for Anonymous User (n/a) at Icahn Sc
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were excluded before introducing the delivery
sheath. The mean age was 71.3 � 10.8 years (range 52-
87 years), and 67% were woman (Table 1). The average
CHA2DS2-VASc and HAS-BLED scores were 4.1 � 1.7
(range 2-7) and 3.4 � 1.4 (range 1-6), respectively.
Prior major bleeding occurred in 47%. Screening
stroke assessment including QVSFS was negative in
10 (67%) patients. Baseline values for modified Ran-
kin scale and NIHSS were 0.8 � 1.2 and 0.8 � 1.5,
respectively.

IMPLANTATION PROCEDURE. The average maximal
LAA orifice diameter on ICE imaging was 21.7 �
4.5 mm (range 12-31 mm) and minimal LAA depth was
22 � 7.4 mm (range 13-38 mm) (Table 2). The LAA was
successfully occluded by the LAAC device in all 15
patients (device success ¼ 100%). In 73% (11 of 15) of
the successful cases, device implantation was
managed with the first device selected; in 13% (2 of
15), a second device was selected; and in 13% (2 of 15),
a third device was employed. First choice, second
choice, and third choice devices were completely
retrieved and redeployed in 14, 2, and 3 instances,
respectively. The smaller 27-mm device was used in
11 (73%) patients, whereas the larger 35-mm device
was used in 4 (27%) patients. A peridevice leak
of <3 mm was detected on ICE imaging in 6.6% (1 of
15) of patients. No residual flow $3 mm was detected
in any patient. The average procedure duration was
55.1 � 20.6 min, and the average contrast volume
hool of Medicine at Mount Sinai from ClinicalKey.com by Elsevier on 
ses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



TABLE 4 TEE/CT Examination on Follow-Up

TEE/CT on Follow-Up n

LAA seal at 45 days (n ¼ 11)

No residual flow 9

Residual flow 1-2 mm 2

Residual flow 3-4 mm 0

Residual flow $5 mm 0

Device-related thrombus 0

Pericardial effusion (not tamponade) 2

LAA seal at 6 months (n ¼ 9)

No residual flow 8

Residual flow 1-2 mm 1

Residual flow 3-4 mm 0

Residual flow $5mm 0

Device-related thrombus 1

Pericardial effusion (not tamponade) 0

LAA seal at 12 months (n ¼ 13)

No residual flow 12

Residual flow 1-2 mm 1

Residual flow 3-4 mm 0

Residual flow $5 mm 0

Device-related thrombus 0

Pericardial effusion (not tamponade) 0

LAA ¼ left atrial appendage; other abbreviations as in Table 3.
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used was 41.5 � 14.5 mL. There were no major
procedure-related complications in the entire cohort.

In combination with fluoroscopy, ICE was able to
successfully guide implantation and accurately assess
device position and seal in all 15 patients during the
index procedure; the latter was confirmed by prere-
lease TEE imaging. For the single patient with a small
residual leak, the leak was identified by ICE, but
because of the inability with reducing this leak
further despite repositioning, it was decided to accept
this position (since the leak was small, <3 mm); again,
prerelease TEE imaging confirmed this leak.

CLINICAL OUTCOMES. The primary safety endpoint
occurred in 0% of patients. Primary performance
endpoint measured of LAAC success was 100% (15 of
15). Follow-up 45-day TEE imaging demonstrated
100% device and procedure success with no peri-
device leak $5 mm in any patient (Table 3). All de-
vices remained stable at the site of deployment. In 11
of 11 patients (4 missed TEE caused by COVID-19),
TEE at 45 days revealed adequate seal (9 patients
had no leak, 1 patient had a 1-mm leak, and 1 patient
had a 2-mm leak) and no DRT (Table 4). There were
no instances of stroke/TIA, device embolization,
vascular injury/groin complications, or DRT. Two
patients had asymptomatic pericardial effusion (3 and
4 mm in size) on day 7 (on TTE) and day 45 (on TEE),
both of which resolved without intervention. The
Downloaded for Anonymous User (n/a) at Icahn School of Medicine at Mo
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former occurred during a temporary pacemaker
insertion for complete heart block (day 7).

In 9 patients (6 patients missed TEE because of
COVID-19), TEE imaging at 6 months revealed
adequate seal in 100% (8 patients had no leak, 1
patient had a 1-mm leak). One patient had a
moderate-sized DRT that was successfully treated
with subcutaneous enoxaparin (Supplemental
Figure 1). TEE or CT at 1 year was performed in 13
patients (TEE in 11 patients and CT in 2 patients),
revealing no instances of peridevice leaks in 12 pa-
tients and a small leak in 1 patient on CT imaging
(Table 4). There were no device- or procedure-related
serious adverse events. There were 2 deaths: 1 patient
died at 6 months because of heart failure and 1 patient
had a sudden death at 12-month follow-up. Both
deaths were not procedure or device related.

There were no strokes/TIA or major bleeding at any
of the time points during follow-up. One patient had
minor bleeding from epistaxis at 6-month follow-up,
which resolved without intervention.

DISCUSSION

In this first-in-human experience, ICE-guided LAAC
with the conformable LAAC device was feasible and
safe, with encouraging 1-year clinical outcomes
among patients with nonvalvular AF (Central
Illustration).

CLINICAL EFFICACY. We achieved 100% procedure
and LAA device success with no in-hospital compli-
cations or instances of residual leak $5 mm on
midterm follow-up. The encouraging results can be
attributed to the ability of the conformal device to
expand in width during compression and effectively
seal a variety of LAA anatomies (10). Similar favorable
short-term and long-term results were shown using
this novel conformable LAAC device in a preclinical
canine study. Importantly, the animal explants
demonstrated good apposition and complete sealing
of the LAA with an appropriate inflammatory
response to the implant at 60 days despite the use of
DAPT (10).

CLINICAL SAFETY. The self-expanding, cylindrical
nitinol endoskeleton of this conformable device
covered with a porous foam cup is atraumatic and is
designed to minimize the risk of acute procedural
complications, especially cardiac perforation. In our
study, there were no instances of procedure-related
cardiac perforation despite 19 full recaptures and 10
partial recaptures before final release, implying sig-
nificant manipulation of the device within the LAA.
Two patients were found to have an asymptomatic
unt Sinai from ClinicalKey.com by Elsevier on 
Copyright ©2021. Elsevier Inc. All rights reserved.



CENTRAL ILLUSTRATION Left Atrial Appendage Occlusion With the Novel Conformable Device Using Intracardiac
Echocardiography

15 AF pts underwent left atrial appendage occlusion
using intracardiac echocardiography

CHA2D-S2-VASc score 4.1 ± 1.7
All pts received dual antiplatelet therapy therapy

post left atrial appendage occlusion

Technical success 100%
Major procedure related complications 0%
Peri-device leak ≥5 mm 0%
Device related thrombus 1 pt (6.6%)
Stroke/thromboembolism 0%
Device embolization 0%

Turagam, M.K. et al. J Am Coll Cardiol EP. 2021;-(-):-–-.

AF ¼ atrial fibrillation.
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pericardial effusion on follow-up imaging at 7 (related
to a temporary pacemaker) and 45 days, which were
managed conservatively. The mechanism of these
late effusions is unknown, but is potentially caused
by inflammation—although one cannot rule out the
possibility of transient accumulation of blood from
micropuncture of the atrial wall by the device fixation
barbs.

Device embolization is a rare but serious
complication associated with transcatheter LAAC.
In our small series, there were no early or late
device embolization. This is attributed to the foam-
based design, which is inherently occlusive, and
the porous ePTFE cover, which enables blood to
flow at arterial pressure avoiding device
embolization.

There were also no instances of device displace-
ment or peridevice leaks of $5 mm either at the
45-day, 6-month, or 1-year follow-up imaging. In
addition, only 18% (2 of 9), 11% (1 of 9), and 7.7% (1 of
13) of patients had any peridevice flow #5 mm at 45-
day and 6- and 12-month follow-up. This is consistent
with the device’s ability to conform to both shallow
and irregular LAA anatomy while maintaining secure
fixation over a wide range of LAA diameters (13-
Downloaded for Anonymous User (n/a) at Icahn Sc
December 17, 2021. For personal use only. No other u
32 mm). Unlike the other available LAAC devices, this
conformable implant seals even when off axis and
therefore does not require the delivery sheath to be
precisely oriented coaxial to the LAA ostium.

Periprocedural and stroke at 1 year is reported to
occur with an incidence of 0%-0.9% and 0.5%-2.2%
among patients receiving transcatheter LAAO (11-16).
DRT occurred in 1 patient (6.6%) after 6 months of
follow-up; none of the patients had any stroke or
thromboembolic events. This occurred against the
backdrop of a postimplant regimen of 6 weeks of
DAPT as seen in the recent Amulet registry (8,16), and
compared with the combination of warfarin and
aspirin in the PROTECT-AF and PREVAIL clinical tri-
als and NOAC and aspirin in the PINNACLE FLX
(Protection Against Embolism for Nonvalvular AF
Patients: Investigational Device Evaluation of the
Watchman FLX LAA Closure Technology) study. The
thrombogenicity of the conformable device is thought
to be low because of both the less thrombogenic
ePTFE covering and the flexible tether, which elimi-
nates any exposed metal central insert attachment
site. However, because of a small number of patients
with limited follow-up, any firm conclusions as to the
risk of DRT are premature.
hool of Medicine at Mount Sinai from ClinicalKey.com by Elsevier on 
ses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Turagam et al J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y V O L . - , N O . - , 2 0 2 1

ICE-Guided LAAC With a Foam-Based Implant - 2 0 2 1 :- –-

10

D

ROLE OF ICE. Intraprocedural imaging with TEE has
been the gold standard for implantation of trans-
catheter LAAC devices because it provides high-
resolution multiplanar imaging, allows 3-
dimensional visualization, and is a familiar tech-
nique among cardiologists. However, TEE has several
limitations, such as the need for a dedicated echo-
cardiographer, endotracheal intubation, and general
anesthesia (GA), which may potentially increase the
risk of complications and thus adversely affect pa-
tient satisfaction and outcomes (17). ICE has evolved
as a powerful imaging modality in certain structural
heart interventions, thereby eliminating the need for
GA and instead using local anesthesia or moderate
sedation. Prior observational studies have explored
the role of ICE-guided percutaneous LAAC and found
good correlation between LAA ostium size and land-
ing zone measured by ICE, TEE imaging, and fluo-
roscopy (18-20). Subsequently, several observational
studies and meta-analyses have assessed the role of
TEE vs ICE for LAAC and found no differences in
clinical outcomes (19,21-27).

An important advantage of ICE-guided LAAC under
local anesthesia or moderate sedation is the expedi-
tious procedure turnaround time and resource sav-
ings related to anesthesia (25). Of course, it should be
acknowledged that general anesthesia is not neces-
sary for TEE and can be performed with deep seda-
tion; however, this requires careful patient selection
and close monitoring and is not accepted at many
institutions. In our study, ICE was used to guide
transeptal puncture and provided relatively high-
resolution images for LAAC device implantation
without general anesthesia. The ICE images were
comparable in quality to TEE imaging. More impor-
tantly, the measurements of LAA both ostial diameter
and depth, which are crucial for device sizing, were
consistent between the 2 imaging modalities. In our
experience, the LAA dimensions can be accurately
estimated by ICE directly facing the LAA ostium, from
the left superior pulmonary vein, or retroflexed below
the mitral valve. Although preoperative TEE was ob-
tained in all patients to exclude LAA thrombus and
assess for eligibility, placing a probe in the right
ventricular outflow tract or pulmonary artery before
transeptal puncture can reliably exclude thrombus
with a concordance rate of 97% in the left atrium and
92% in the LAA when compared with TEE imaging
(28).

In addition to our study, there is a multicenter
U.S. Food and Drug Administration Early Feasibility
Study (ClinicalTrials.gov: NCT03616028) including
w45 patients underway in the United States, with a
primary endpoint of freedom from major adverse
Downloaded for Anonymous User (n/a) at Icahn School of Medicine at Mo
ecember 17, 2021. For personal use only. No other uses without permission. 
events. A pivotal large randomized controlled trial
comparing the conformable LAAC device to the
Watchman-FLX device is planned to commence later
in 2021.

STUDY LIMITATIONS. First, the study is a single-
center, nonrandomized study with no control group.
Second, obtaining adequate images with ICE depends
on operator experience. Third, given that this is a
research study of an investigational device, both TEE
and ICE imaging were used in all cases, which does
not reflect real-world clinical practice. Fourth, all
patients enrolled in the study were unable to obtain
follow-up TEE imaging at 45 days and 6 months
because of logistic issues related to the ongoing
COVID-19 pandemic. Fifth, although necropsy studies
have demonstrated safety of the foam-based device at
60 days, the long-term effects on the blood stream are
yet to be determined (10). Finally, although this study
is sufficient to prove the feasibility of this novel LAAC
device, adequate interpretation of rare adverse
events such as DRT and device embolization are not
possible because of the small sample size.

CONCLUSIONS

Under conscious sedation, ICE-guided LAAC with a
novel conformable device implant is safely feasible
and results in good appendage seal at 1-year follow-
up.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: The

novel foam-based conformable device can be safely

implanted with intraprocedural ICE imaging substituting

for TEE.

TRANSLATIONAL OUTLOOK: Although, ICE-guided

implantation of the novel foam-based conformable

device is associated with excellent procedural success and

low risk of complications on midterm follow-up, future

studies should explore the safety and efficacy of this

device on long-term follow-up.
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