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Abstract

Aims: Left atrial appendage occlusion (LAAO) is a stroke prevention therapy for patients with non-valvu-
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global Amulet registry.

Methods and results: A total of 1,088 patients were recruited, aged 759 years; 65% of patients were
male. The CHA DS,-VASc and HAS-BLED scores were 4.2+1.6 and 3.3+1.1, respectively. Eighty-
three percent (83%) of patients had contraindications to anticoagulation (OAC); 72% had a history of
major bleeding. An AMPLATZER Amulet LAA occluder was successfully implanted in 99% of cases.
Transoesophageal echocardiography one to three months after implant showed no residual flow or flow
<3 mm in 98.4%. The observed ischaemic stroke rate was 2.9%/year. Device-related thrombus was noted
in 1.7% of patients. There were ten cases between 0 and 90 days and eight cases between 91 and 365 days.
Patients discharged without OAC (>80%), in particular those on single aspirin therapy, did not appear to
have a higher risk of device-related thrombus. In the first year, major bleeding occurred at an annualised

rate of 10.3%. All-cause mortality was 8.4% at one year.

Conclusions: In the global prospective Amulet registry of patients at high risk of stroke and bleeding, the
annualised ischaemic stroke rate was 2.9%. The LAA was sealed in 98.4% after one to three months and
device-related thrombus was observed in 1.7% of cases with only a minority of all patients on anticoagula-

tion treatment.
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Abbreviations

AF atrial fibrillation

APT antiplatelet therapy

BARC  Bleeding Academic Research Consortium
CEC clinical events committee

DRT device-related thrombus

LAA left atrial appendage

LAAO left atrial appendage occlusion

NOAC  non-vitamin K antagonist oral anticoagulant
0AC oral anticoagulation

TOE transoesophageal echocardiography

Introduction

Atrial fibrillation (AF) is the most prevalent cardiac arrhythmia
and is associated with an increased risk of ischaemic stroke, at
least in part due to cardiac thrombus formation, predominantly
in the left atrial appendage (LAA)'. Percutaneous catheter-based
LAA occlusion (LAAO) solutions have been developed to miti-
gate the risk of stroke in appropriate patients'. These offer the
potential to reduce the risk of stroke without the use of long-term
oral anticoagulation (OAC) in selected patients with non-valvular
AF, as randomised controlled trials suggest that LAAO is non-
inferior to warfarin therapy?>.

The two most common catheter-based devices for LAAO are
the AMPLATZER™ Amulet™ LAA occluder (Abbott, St. Paul,
MN, USA) and WATCHMAN™ (Boston Scientific, Marlborough,
MA, USA). Both devices have shown high implant success
rates, either in randomised controlled trials® or in large regis-
tries®*. A recent publication of one-year WATCHMAN registry
data (EWOLUTION trial) describes an 84% and 48% reduction in
the risk of ischaemic stroke and major bleeding, respectively, rela-
tive to predicted rates based on baseline CHA,DS,-VASc and HAS-
BLED scores®. In a retrospective study of 1,001 patients implanted
with the AMPLATZER™ Cardiac Plug (ACP; Abbott), a previous
generation of the Amulet device, the risk of systemic thrombo-
embolism was reduced by 59% and the risk of major bleeding by
61% in patients successfully implanted (97.3%) and followed for
an average of 13 months’. These studies provide one-year follow-
up to LAAO in real-world clinical practice; however, a prospec-
tive study with echocardiographic core laboratory analysis and
independent adjudication of strokes and major bleeds is lacking.

The current global study evaluates the use of the AMPLATZER
Amulet device in a real-world prospective manner including an
all-comer population. We present the one-year follow-up results of
pre-specified clinical events adjudicated by an independent com-
mittee and characterise the utilisation of antithrombotic medica-
tion during follow-up.

Methods

The design and methods of this study have been described in detail
previously>®; additional information is available in Supplementary
Appendix 1. Briefly, echocardiograms were evaluated by a core lab-
oratory (MedStar Health Research Institute, Hyattsville, MD, USA)
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and serious adverse events (SAEs) were evaluated by an independent
clinical events committee (CEC) comprised of experts in interven-
tional cardiology, electrophysiology, and neurology. The CEC deter-
mined if the event was device- and/or procedure-related. Statistical
analyses were performed using SAS 9.4 (SAS Institute Inc., Cary,
NC, USA) and are described in Supplementary Appendix 1.

Results

PATIENTS

One thousand and eighty-eight patients were enrolled at 61 cen-
tres from June 2015 to September 2016. Mean enrolment per cen-
tre was 17.8+16 patients (Supplementary Appendix 2). Successful
implants occurred in 1,078 (99%) patients (a patient initially
reported’® as receiving an ACP device was corrected later as hav-
ing received an Amulet device). The 10 patients with unsuccess-
ful implants were withdrawn per protocol; no clinical events
were observed prior to withdrawal. There were 950 patients who
completed the one-year follow-up (Figure 1) of the expected
987 visits, resulting in a follow-up rate of 96.3%. Baseline clini-
cal characteristics comparing patients who did vs. those who did
not complete one year of follow-up are shown in Supplementary
Table 1. The mean follow-up duration was 11.1+2.6 months.
Thirty-four patients were withdrawn (including 10 unsuccessful
implants) and 13 additional patients did not complete the one-
year visit. Baseline clinical characteristics of all enrolled patients
are shown in Table 1. Patients, on average, were at high risk for
stroke with a CHA DS -VASc score of 4.2£1.6 and for bleeding

Subjects consented Deceased: n=1
(N=1,116) Unable to receive LAAQ device: n=3
Subject withdrew (personal decision): n=1
Jﬁ Withdrawn by investigator (suicidal): n=1
. Received device outside of study: n=2
Study population

Study termination before procedure: n=17
Subjects enrolled (implant attempted) Unknown: n=3

Implanted
(N=1,078)
(779 TOE studies analysed for
residual flow by core lab)

1-3 month
(N=1,018)
(763 TOE studies analysed for
residual flow by core lab)

J/ Deceased: n=91*
1 year Withdrawn: n=34
(N=950) Visit not completed: n=13

Figure 1. Flow chart of patients up to one year. Patients were
considered enrolled and included in the current analysis if an
implant was attempted. The follow-up rate up to one year was
96.3%. *88 patients died within one year of implant. An additional
three patients did not complete the one-year follow-up visit as they
died more than one year after implant but within the one-year

follow-up visit window.
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Table 1. Clinical characteristics.

Characteristic ?INI:;] 'rglslse;i

Age (years) 75+9
Age >80 years old 30%
Male gender 65%
AF at time of implant 59%
Systolic blood pressure (mmHg) 136+22
Hypertension 84%
Abnormal renal function 25%
Abnormal liver function 5%
Previous stroke 28%
Previous TIA 11%
Previous major bleed event 72%
Labile INR 11%
Previous PCI or CABG 26%
PAD or PVD 15%
CHA,DS,-VASc score 4.2+1.6
CHA,DS,-VASc score >4 65%
HAS-BLED score 3.3+1.1
HAS-BLED score >3 78%
Contraindication to OAC 83%

Data presented as mean+SD or %. CABG: coronary artery bypass
grafting; INR: international normalised ratio; OAC: oral anticoagulation;
PAD: peripheral arterial disease; PCl: percutaneous coronary
intervention; PVD: peripheral vascular disease; TIA: transient ischaemic
attack

with a HAS-BLED score of 3.3+1.1, corresponding to an annual
stroke risk of 6.7% and an annual major bleeding risk of 6.7%.
Supplementary Table 2 lists the CEC-adjudicated procedure- or
device-related SAEs up to one year of follow-up.

ECHOCARDIOGRAPHY
The core laboratory analysed 779 procedural and 763 one- to
three-month follow-up studies for residual flow. At implant, 99.3%

of patients achieved adequate LAA occlusion, with 89.4% having
no residual flow and 9.9% having small residual flow <3 mm. At
follow-up, 98.4% of echocardiograms showed either no flow or

flow <3 mm.

MEDICATION REGIMEN

Table 2 and Figure 2 summarise medication use after LAAO.
Most patients (80.1%) were discharged on antiplatelets alone,
and a minority (11.2%) on anticoagulants. OAC was used infre-
quently over follow-up with 11.2% being discharged on OAC,
and only 6%, 5.7%, and 6% of patients on OAC at the 1-3-month,
6-month, and 12-month assessments, respectively, reflecting the
high bleeding risk of the population. Conversely, the proportion of
patients without antithrombotic therapy increased from 7.5% at one
to three months, to 14.5% at six months, and to 18.9% at 12 months.

STROKE

The CEC adjudicated ischaemic stroke, TIA, or systemic embo-
lism. Twenty-nine events were observed in 27 patients, corre-
sponding to a 2.9%/year annualised rate of ischaemic stroke. TIA
occurred in nine patients and there were no systemic embolisms,
resulting in a rate of 0.9%/year. Of the 29 ischaemic strokes, 16
occurred while patients were on aspirin monotherapy, nine while
patients were on DAPT, and four while patients were on OAC.
Figure 3A shows freedom from this composite endpoint during
follow-up. Five patients with an ischaemic stroke died within the
first year of follow-up and all deaths were due to the stroke.

MAJOR BLEEDING

The annualised major bleeding (BARC >3) rate was 10.3%/year,
with 103 events occurring in 87 patients. The severity was major
(BARC type 3a=62) or life-threatening or disabling (BARC
3b=28; 3c=6; 5=7), with one of the seven fatal bleeding (BARC
type 5) events adjudicated as being procedure- or device-related
(cardiac perforation day of procedure). Figure 3B shows that the
majority of events were observed early in follow-up. Thirty events
(30/103=29%) were periprocedural (<7 days).

Table 2. Antithrombotic medication usage over 12 months post implant.

Antithrombotic medication Discharge

1-3 months 6 months 12 months

Dual APT only

619/1,075 (57.6%)

319/1,018 (31.3%)

166/1,009 (16.5%)

88/950 (9.3%)

Single APT only | Aspirin 181/1,075 (16.8%) 464/1,018 (45.6%) 543/1,009 (53.8%) 529/950 (55.7%)
Clopidogrel/other 61/1,075 (5.7%) 68/1,018 (6.7%) 74/1,009 (7.3%) 78/950 (8.2%)
OAC with APT (single/dual) 71/1,075 (6.6%) 33/1,018 (3.2%) 23/1,009 (2.3%) 22/950 (2.3%)
45 NOAC 21 NOAC 12 NOAC 16 NOAC
without APT (only) 49/1,075 (4.6%) 29/1,018 (2.8%) 34/1,009 (3.4%) 35/950 (3.7%)
31 NOAC 18 NOAC 24 NOAC 23 NOAC

Other

71/1,075 (6.6%)

29/1,018 (2.8%)

23/1,009 (2.3%)

18/950 (1.9%)

No antithrombotic therapy

23/1,075 (2.1%)

76/1,018 (7.5%)

146/1,009 (14.5%)

180/950 (18.9%)

Other: low-molecular-weight heparin

Data presented as n/N (%) of all patients (per time point). APT: antiplatelet therapy; NOAC: novel oral anticoagulation; OAC: oral anticoagulation;
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Figure 2. Utilisation of antithrombotic therapy up to one year: Patients were seldom prescribed OAC following LAAO. Patients were most
often discharged on dual APT, with the use of aspirin only being most common during follow-up. The proportion of patients on no
antithrombotic medication increased during follow-up.
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Figure 3. Kaplan-Meier graphs over one year of follow-up. The rates of stroke, TIA, systemic embolism (A), device-related thrombus (C) and
all-cause death (D) were steady throughout follow-up. Conversely, major bleeding events (B) occurred at a greater rate in the first 30 days
following implant as compared to the remainder of the one-year follow-up.
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Thirty-two major bleeding events were adjudicated as pro-
cedure- or device-related (3.2%/year). Five of the procedure- or
device-related major bleeding events occurred >7 days after the
procedure. These included three pericardial effusions or tampon-
ades, occurring on days 11, 23, and 34, a gastrointestinal (GI)
bleed on day 13, and a vascular pseudoaneurysm on day 17. In
addition, fifteen vascular access-related complications occurred
with onset <7 days after the procedure.

Major bleeding events, in relation to antithrombotic therapy at
discharge, are listed in Table 3. The rates were 13% for those dis-
charged without any antithrombotic therapy, 8.4% for those dis-
charged on dual APT, 7.7% for those discharged on aspirin only,
7.0% for those discharged on OAC with APT (single/dual), 4.1%
for those discharged on OAC without APT, and 3.3% for those
discharged on clopidogrel or other single APT.

DEVICE-RELATED THROMBUS (DRT)

The DRT rate was 1.7%/year, with 18 events occurring in
17 patients (Figure 3C). Ten DRT were discovered between 0 and
90 days and eight between 91 and 365 days. Of the 17 patients
who experienced a DRT, three experienced an ischaemic stroke
within the year of follow-up. In the first patient, DRT was con-
firmed on the same day as the ischaemic stroke, which occurred
on day 161. The other two patients did not undergo surveillance
for DRT during the hospitalisation for stroke, therefore the pres-
ence or absence of DRT at the time of stroke is unknown. In
one of these two patients, DRT was observed 243 days after the
stroke. In the second patient, DRT was confirmed 24 days prior
to the stroke, no DRT was reported 37 days after the stroke,
and a second DRT was observed 113 days after the stroke.
This patient did not have an additional stroke over the remain-
ing 181 days of follow-up after the second thrombus. The core
laboratory reported no peri-device leaks on the one- to three-
month transoesophageal echocardiography (TOE) in any of the
patients who experienced both DRT and stroke. Tabhle 3 details
the proportion of patients with observed DRT based on discharge

antithrombotic regimen.

DEATH

Eighty-eight patients (8.4%) died during the first year following
implantation. Deaths were categorised as cardiovascular (n=53)
or non-cardiovascular (n=35). Six patients died within 30 days
of implantation, three of whom died within three days (immedi-
ate procedural mortality), one from cardiac perforation, one from
cardiorespiratory arrest, and one from an unknown cause which
was conservatively considered to be cardiovascular. The remain-
ing deaths were distributed uniformly over the follow-up period
(Figure 3D). In patients with death attributable to cardiovas-
cular cause, two were adjudicated as related to the device. The
first patient underwent an uncomplicated procedure but devel-
oped hypotension two hours afterwards. A pericardial effusion
was present, with suspicion of ongoing cardiac bleeding despite
draining 1 litre of blood. Chest exploration revealed a 3 mm per-
foration at the LAA ostium, which was closed using a pericardial
patch. The patient expired two days later, secondary to cardio-
genic shock. A TOE performed 314 days after implant in the sec-
ond patient revealed multiple DRTs and high-grade mitral valve
insufficiency. Open chest surgery was performed, removing the
vegetations and the Amulet device, amputating the LAA, and
reconstructing both the mitral and tricuspid valves. A complicated
post-surgical course occurred, with additional surgeries required
for pericardial effusion and wound healing disorder. The patient
passed away 365 days after LAAO implant.

Discussion

In this global study we report one-year follow-up of a large group
of patients undergoing LAAO using the AMPLATZER Amulet
device. Unlike previous observational LAAO studies, clinical
events were adjudicated by a CEC and sealing of the LAA was
examined by a core laboratory®’. In the present study, the ischae-
mic stroke rate was reduced as compared to the expected rate with-
out OAC by CHA DS -VASc score. The Amulet device resulted
in a high degree of LAA sealing on echocardiographic follow-up
and DRT formation was observed in 1.7% of cases despite a sub-
stantial proportion of patients on single antiplatelet therapy.

Table 3. Clinical events over 12 months stratified by discharge antithrombotic medication.

Medication at discharge ‘
Dual APT only

619/1,075 (57.6%)

n/N (%) ‘ ‘ Thrombus on device

10/619 (1.6%)

Major bleed
52/619 (8.4%)

Single APT only Aspirin

181/1,075 (16.8%)

14/181 (7.7%) 1/181 (0.6%)

Clopidogrel or other

61/1,075 (5.7%)

2/61 (3.3%) 1/61 (1.6%)

OAC with APT (single or dual)

71/1,075 (6.6%)

5/71 (7.0%) 2/71 (2.8%)

without APT (only)

49/1,075 (4.6%)

2/149 (4.1%) 1/49 (2.0%)

Other 71/1,075 (6.6%)

8/71 (11.3%) 2/71 (2.8%)

No antithrombotic therapy

23/1,075 (2.1%)

3/23 (13.0%) 0/23 (0.0%)

Total patients with clinical events

86* 17

Other: low-molecular-weight heparin

Discharge medication presented as n/N (%) of all patients discharged. Clinical event rates presented as n/N (%) per each discharge medication (% of
patients in each row). *One patient died before discharge and is not counted. APT: antiplatelet therapy; OAC: oral anticoagulation;




The ACP device showed feasibility, safety, and efficacy of per-
cutaneous LAA closure without requiring patients to be on OAC
after implant’®. This current study reports results of the second-gen-
eration AMPLATZER LAAO device. In a population with a high
risk of stroke (CHA,DS -VASc 4.2+1.6), the annual rate of ischae-
mic stroke was 2.9%/year, a 57% reduction as compared to the
predicted event rate. Although this stroke rate is greater than that
reported in the EWOLUTION registry® (1.1%/year) or ACP study’
(0.9%/year), comparisons must be made cautiously. Firstly, the
post-implant medication regimen in EWOLUTION differed from
that in the current study as patients in EWOLUTION were dis-
charged on OAC more often (27% vs. 11.2%) and on single APT
less often (7% vs. 22.5%). Recently, a DAPT subgroup analysis of
EWOLUTION reported DRT in 4.0% of patients, 1.4%/year rate
of ischaemic stroke, and 2.5%/year major bleeding rate up to one
year in 605 patients discharged on DAPT, with discontinuation of
DAPT in 85% of patients within one year'®. Despite a compar-
able proportion of patients contraindicated to OAC (83.8% vs.
83%) between the EWOLUTION subgroup and the current study,
the HAS-BLED median score of 2.0 was lower than the mean
(3.3£1.1) and median (3) of the current study. In the 619 patients
discharged on DAPT in the current study, the rates for major
bleeds and DRT, as adjudicated by the CEC, over the first year
were 8.4%/year and 1.6%/year, respectively (Table 3), highlight-
ing the need for further investigation of the optimal post-Amulet
device antithrombotic regimen. Although the subgroup sizes are
too small to draw conclusions, we observed higher major bleed-
ing rates in patients discharged on aspirin alone or no antithrom-
botic medications as compared to those on OAC (Table 3). As the
protocol recommended patients take aspirin for six months post
implant and clopidogrel per standard of care, patients receiving
aspirin monotherapy or no antithrombotic medications may have
had the highest bleeding risk while patients prescribed OAC prob-
ably had lower risks of bleeding.

Our rate of ischaemic stroke is slightly greater (2.9%/year vs.
2.3%/year) and the DRT rate is comparable (1.7% vs. 1.9% of
patients) to those of the 107 patients in whom Korsholm and col-
leagues prescribed aspirin alone (85% of patients) following ACP
or Amulet device implant, followed for two years''. Both the cohort
described by Korsholm and colleagues and the current study popu-
lation had a high proportion of patients (26.3% vs. 18.9%) without
any antithrombotic use 12 months after implantation of an ACP or
Amulet LAAO device. In the current study, patients discharged on
single aspirin therapy do not appear to have an increased rate of
DRT relative to those discharged on more aggressive antithrom-
botic regimens (Table 3).

Despite 60% of patients on single APT or no antithrombotic med-
ications one to three months post implant, the relatively low stroke
rate compared to the predicted rate without OAC was probably
facilitated by the high degree of adequate occlusion of the LAA.
Following placement of the device, 99.3% of procedural and 98.4%
of one- to three-month TOE showed adequate sealing. A similarly
high degree of LAA closure was obtained in the EWOLUTION

LAAO with the AMPLATZER Amulet

(99.7%) and ACP (98.1%) studies®’. The current study utilised
an independent core laboratory, which assessed LAA closure
using a threshold of <3 mm for residual flow, while EWOLUTION
did not use a core laboratory and used a threshold of 5 mm.

The observed procedure- or device-related major bleeding rate
of the current study was 3.2%/year. These major bleeding events
were adjudicated by the CEC as resulting from the LAAO pro-
cedure including the device or the delivery system and were not
restricted to a periprocedural (i.e., <7 days from implant) timeline.
We observed 18 (1.65%) pericardial effusion or tamponade events
adjudicated as procedure- or device-related, a rate comparable to
other LAAO observational studies of AMPLATZER devices”'>!.
Although the observed rate is relatively low, improved outcomes
should continue to be sought in these high bleeding risk patients,
with consideration given to post-procedural monitoring, medica-
tion management, and imaging prior to discharge. The overall rate
of major bleeding in the current study was higher, at 10.3%/year,
than those reported in EWOLUTION (2.6%/year) and in the
Tzikas et al ACP study (2.1%/year)®’. The current study popula-
tion was predisposed to major bleeding events more than those
enrolled in the EWOLUTION or ACP studies. A history of major
bleeding was present in 72% of Amulet patients, 47% of ACP,
and 31% of WATCHMAN. The mean HAS-BLED scores also
predicted higher bleeding rates, being 3.3, 3.1, and 2.3 for the
Amulet, ACP, and EWOLUTION registries, respectively. The ACP
study reported a 7.6%/year bleeding rate in 195 patients on aspi-
rin monotherapy or no antithrombotic medications with <1 year of
follow-up. Conversely, the 432 patients on a similar regimen with
>1 year of follow-up had a dramatically low annualised bleed-
ing rate of 0.6%/year (90% reduction compared to HAS-BLED
score estimated). Continued follow-up for clinical events up to
two years in the current study, with 74.6% of patients on aspirin
alone or no antithrombotic medications at one year, will evalu-
ate if a similar reduction in the annualised bleeding rate is seen
over a longer period of follow-up. Although the 18.9% of patients
we observed without any antithrombotic medication at one year
may have reduced the risk of bleeding, careful consideration must
be given prior to omitting all APT following LAAO. The stag-
nant atrial blood flow of patients in AF may result in thrombosis
over the long term despite adequate LAA sealing, and indications
for APT, such as PCI/CABG or PAD/PVD, are present in a num-
ber of patients receiving LAAO. For these reasons, most patients
may receive aspirin monotherapy long term as we observed in this
study. Future studies are needed to investigate the feasibility and
safety of stopping all antithrombotic medication during long-term
follow-up in appropriate patients after LAAO.

Comparisons of LAAO to non-vitamin K antagonist oral antico-
agulation (NOAC) for ischaemic stroke prevention in AF patients
at high risk of stroke must involve a risk/benefit analysis focused
on the patient’s history of bleeding and risk of bleeding. The cur-
rent study population consists of 72% with a history of major
bleeding and 83% who were contraindicated to OAC, character-
istics excluded from NOAC trials. Systemic anticoagulation with

m
=
=
=
=
=3
(1]
=
<
(1]
=
=
o
=
N
o
—
&
—
.4?
o
ol
©
@
o
[3)]
©
~




m
=
=
=
=
-
[1:]
=
<
(1]
=
=
(=]
=
N
o
—
&
i
3
o
ol
©
T
o
(3)]
©
~

NOACs would be contraindicated in many of these patients at
present. Five of the seven intracerebral major bleeds we observed
were in patients on aspirin monotherapy, while one occurred
in a patient on DAPT and the other in a patient on aspirin plus
NOAC. There is no safe pharmacological option for significantly
reducing the risk of thromboembolic events for many of the high
bleeding risk patients enrolled in the current study. Although there
are upfront periprocedural risks, as with any cardiac procedure,
we believe that there are long-term potential benefits of device-
based percutaneous LAA closure for many patients. We observed
almost half of the major bleeding events within the first month
of implant, while the rate of major bleeding over the next 11.5
months of follow-up was reasonable in a population with a history
of major bleeding and contraindication to anticoagulation.

Novel oral anticoagulants are an appropriate clinical approach
to reduce the risk of stroke in patients without a history of major
bleeding. However, issues with compliance and use in patients
with abnormal renal function (25% of the present population) are
present in patients appropriately indicated for NOACs. The pro-
spective randomised CLOSURE-AF trial (NCT03463317) will
determine the clinical benefit of LAAO directly compared to
novel oral anticoagulants (if feasible) in patients at high risk of
bleeding or with chronic kidney disease, a population similar to
the present study.

In a single-centre study, Weise et al reviewed 298 patients at
high risk for major bleeding (HAS-BLED 3.5+1.0) who were pre-
scribed dual APT for six weeks after LAAO, which was decreased
to single APT in the absence of peri-device flow or device-related
thrombus at six-week TOE". Five different LAAO devices were
used in the study, with the Amulet or ACP being implanted in 42%
of cases. Major bleeding (BARC >3) events occurred in a greater
proportion of patients, with Weise and colleagues observing events
in 10.7% of patients (32/298), while the current study reports
that 8.0% of patients (87/1,088) suffered a BARC >3 event.
The majority (n=15/25) of non-procedure-related major bleed-
ing events observed by Weise et al occurred early in follow-up
(<50 days), while patients were often (n=13/15) prescribed dual
APT. The remaining 10 non-procedure-related events occurred
beyond day 50, with most being GI bleeds while on single APT.
The results of the current study and that by Weise and colleagues
suggest that most major bleeding events following LAAO in
patients with a history of major bleeding and at high risk of future
events are not related to the device or procedure, and that ces-
sation of intense antithrombotic therapy (OAC or dual APT) fol-
lowing adequate LAAO reduces the frequency of major bleeding
events in these patients.

Limitations

The present study is an observational registry with no control group
and results should be interpreted accordingly (Supplementary
Appendix 3). However, an independent CEC for AE adjudication
and core laboratory for echocardiographic evaluation of LAA clo-
sure and detection of device thrombus were utilised to provide

standardisation of the data reported. Although comparisons of
observed stroke and major bleeding rates to predicted values based
on historical control data sets using CHA,DS -VASc and HAS-
BLED scores have been utilised in previous LAAO studies®”2,
they do not take the place of prospective randomised trial data.

Conclusions

In this large prospective registry of patients at increased risk of
stroke, the observed ischaemic stroke rate following implanta-
tion of the AMPLATZER Amulet device was 2.9% over one year
of follow-up. Additionally, in a population at high risk of major
bleeding, patients were able to avoid use of dual APT or OAC
therapy shortly after implant with a similar level of non-proce-
dure-related bleeding events to those reported in other LAAO reg-

istries of similar populations.

Impact on daily practice

In patients with non-valvular AF at high risk of ischaemic
stroke and bleeding, implantation of an AMPLATZER Amulet
device was associated with a 57% lower risk of stroke over
the first year as compared to the predicted rate. This occurred
while the majority of patients did not receive OAC. These
data build upon previous AMPLATZER Amulet reports show-
ing a high degree of implant success (99%) and TOE confirm-
ation of LAAO (>98%).

Acknowledgements
The authors thank Ryan Gage, Kyle Brunner, and Hong Zhao from
Abbott for their contributions to analysis and review of the data,

and Ryan Gage for writing assistance.

Funding
Abbott provided funding.

Conflict of interest statement

U. Landmesser reports personal fees from Abbott outside the sub-
mitted work. C. Tondo reports personal fees from Abbott and
Boston Scientific outside the submitted work. J. Camm reports
personal fees and investigational grants from Bayer, Boehringer
Ingelheim, Daiichi Sankyo, Pfizer/BMS, Abbott, and Boston
Scientific outside the submitted work. H-C. Diener reports receiv-
ing honoraria for participation in clinical trials, contribution to
advisory boards or oral presentations from Abbott, Achelios,
Allergan, AstraZeneca, Bayer Vital, BMS, Boehringer Ingelheim,
CoAxia, Corimmun, Covidien, Daiichi Sankyo, D-Pharm,
Fresenius, GlaxoSmithKline, Janssen-Cilag, Johnson & Johnson,
Knoll, Lilly, MSD, Medtronic, MindFrame, Neurobiological
Technologies, Novartis, Novo-Nordisk, Paion, Parke-Davis,
Pfizer, Portola, Sanofi-Aventis, Schering-Plough, Servier, Solvay,
St. Jude, Syngis, Talecris, Thrombogenics, WebMD Global, Wyeth
and Yamanouchi and financial support for research projects pro-
vided by AstraZeneca, GSK, Boehringer Ingelheim, Lundbeck,



Novartis, Janssen-Cilag, Sanofi-Aventis, Syngis and Talecris.
The Department of Neurology at the University Duisburg-Essen
has received research grants from the German Research Council,
German Ministry of Education and Research, European Union,
NIH, Bertelsmann Foundation and Heinz-Nixdorf Foundation.
H-C. Diener has no ownership interest in and does not own stocks
in any pharmaceutical company. V. Paul reports personal fees from
Medtronic and Abbott outside the submitted work. B. Schmidt
reports personal fees from Abbott during the conduct of the study,
and personal fees from Abbott and Boston Scientific outside the
submitted work. J.E. Nielsen-Kudsk reports personal fees from
Abbott outside the submitted work. D. Hildick-Smith reports per-
sonal fees from Abbott outside the submitted work. The other

authors have no conflicts of interest to declare.

References

1. Landmesser U, Holmes DR Jr. Left atrial appendage clo-
sure: a percutaneous transcatheter approach for stroke prevention in
atrial fibrillation. Eur Heart J. 2012;33:698-704.

2. Holmes DR Jr, Kar S, Price MJ, Whisenant B, Sievert H,
Doshi SK, Huber K, Reddy VY. Prospective randomized evaluation
of the Watchman Left Atrial Appendage Closure device in patients
with atrial fibrillation versus long-term warfarin therapy: the
PREVAIL trial. J Am Coll Cardiol. 2014;64:1-12.

3. Holmes DR, Reddy VY, Turi ZG, Doshi SK, Sievert H,
Buchbinder M, Mullin CM, Sick P; PROTECT AF Investigators.
Percutaneous closure of the left atrial appendage versus warfarin
therapy for prevention of stroke in patients with atrial fibrilla-
tion: a randomised non-inferiority trial. Lancet. 2009;374:534-42.

4. Boersma LV, Schmidt B, Betts TR, Sievert H, Tamburino C,
Teiger E, Pokushalov E, Kische S, Schmitz T, Stein KM,
Bergmann MW; EWOLUTION investigators. Implant success and
safety of left atrial appendage closure with the WATCHMAN
device: peri-procedural outcomes from the EWOLUTION registry.
Eur Heart J. 2016;37:2465-74.

5. Landmesser U, Schmidt B, Nielsen-Kudsk JE, Lam SCC,
Park JW, Tarantini G, Cruz-Gonzalez I, Geist V, Della Bella P,
Colombo A, Zeus T, Omran H, Piorkowski C, Lund J, Tondo C,
Hildick-Smith D. Left atrial appendage occlusion with the
AMPLATZER Amulet device: periprocedural and early clinical/
echocardiographic data from a global prospective observational
study. Eurolntervention. 2017;13:867-76.

6. Boersma LV, Ince H, Kische S, Pokushalov E, Schmitz T,
Schmidt B, Gori T, Meincke F, Protopopov AV, Betts T, Foley D,
Sievert H, Mazzone P, De Potter T, Vireca E, Stein K, Bergmann MW;
EWOLUTION Investigators. Efficacy and safety of left atrial
appendage closure with WATCHMAN in patients with or without
contraindication to oral anticoagulation: 1-Year follow-up outcome
data of the EWOLUTION trial. Heart Rhythm. 2017;14:1302-8.

7. Tzikas A, Shakir S, Gafoor S, Omran H, Berti S, Santoro G,
Kefer J, Landmesser U, Nielsen-Kudsk JE, Cruz-Gonzalez I,
Sievert H, Tichelbdcker T, Kanagaratnam P, Nietlispach F,
Aminian A, Kasch F, Freixa X, Danna P, Rezzaghi M, Vermeersch P,

LAAO with the AMPLATZER Amulet

Stock F, Stolcova M, Costa M, Ibrahim R, Schillinger W, Meier B,
Park JW. Left atrial appendage occlusion for stroke prevention in
atrial fibrillation: multicentre experience with the AMPLATZER
Cardiac Plug. Eurolntervention. 2016;11:1170-9.

8. Hildick-Smith D, Diener HC, Schmidt B, Paul V,
Settergren M, Teiger E, Camm J, Tondo C, Landmesser U.
Rationale and design of a global registry to evaluate real-world
clinical outcomes in patients with atrial fibrillation and high-risk
of stroke treated with left atrial appendage occlusion using the
AMPLATZER amulet device-Perspective of available/ongoing
registries of catheter-based LAA occlusion. Catheter Cardiovasc
Interv. 2018;91:540-7.

9. Kefer J, Vermeersch P, Budts W, Depotter T, Aminian A,
Benit E, Stammen F. Transcatheter left atrial appendage closure for
stroke prevention in atrial fibrillation with Amplatzer cardiac plug:
the Belgian Registry. Acta Cardiologica. 2013;68:551-8.

10. Bergmann MW, Ince H, Kische S, Schmitz T, Meincke F,
Schmidt B, Foley D, Betts TR, Grygier M, Protopopov AV,
Stein KM, Boersma LVA. Real-world safety and efficacy of
WATCHMAN LAA closure at one year in patients on dual anti-
platelet therapy: results of the DAPT subgroup from the
EWOLUTION all-comers study. Eurolntervention. 2018;13:
2003-11.

11. Korsholm K, Nielsen KM, Jensen JM, Jensen HK,
Andersen G, Nielsen-Kudsk JE. Transcatheter left atrial appendage
occlusion in patients with atrial fibrillation and a high bleeding risk
using aspirin alone for post-implant antithrombotic therapy.
Eurolntervention. 2017;12:2075-82.

12. Teiger E, Thambo JB, Defaye P, Hermida JS, Abbey S,
Klug D, Juliard JM, Pasquie JL, Rioufol G, Lepillier A, Elbaz M,
Horvilleur J, Brenot P, Pierre B, Le Corvoisier P; French National
Left Atrial Appendage Closure Registry (FLAAC) Investigators.
Percutaneous Left Atrial Appendage Closure Is a Reasonable
Option for Patients With Atrial Fibrillation at High Risk for
Cerebrovascular Events. Circ Cardiovasc Interv. 2018;11:¢005841.

13. Weise FK, Bordignon S, Perrotta L, Konstantinou A,
Bologna F, Nagase T, Chen S, Chun KRJ, Schmidt B. Short-term
dual antiplatelet therapy after interventional left atrial appendage
closure with different devices. Eurolntervention. 2018;13:
e2138-46.

Supplementary data

Supplementary Appendix 1. Methods.

Supplementary Appendix 2. Results.

Supplementary Appendix 3. Limitations.

Supplementary Table 1. Baseline characteristics comparing patients
who completed one-year follow-up versus those who did not.
Supplementary Table 2. CEC-adjudicated procedure- or device-
related SAEs up to one year.

The supplementary data are published online at:

http://www.pcronline.com/

eurointervention/138th_issue/103

m
=
=
=
=
=3
(1]
=
<
(1]
=
=
o
=
N
o
—
&
—
.4?
o
ol
©
@
o
[3)]
©
~




Supplementary data

Supplementary Appendix 1. Methods

Briefly, the prospective observational study consented and enrolled 1,088 patients at 61 clinical
centres in Europe, Australia, Israel, Chile, and Hong Kong. Written informed consent was
obtained following local ethics board approval and the study adhered to the Helsinki principles.
Abbott provided funding, trial management, statistical analysis, and verified the accuracy of
data. The authors had access to the data and final authority over the publication. The study is

registered on ClinicalTrials.gov (NCT02447081).

Patients

Patients had a history of non-valvular AF and were eligible for catheter-based LAAO according
to standard indications. Exclusion criteria included evidence of an intracardiac thrombus, active
infection, and LAA anatomy unable to accommodate a device per sizing guidelines. Patients
were considered enrolled in the study following consent and introduction of the device delivery

system to the vasculature.

Follow-up visits

Medication and adverse event (AE) assessments were performed prior to discharge, at 1-3
months, 6 months, 12 months post implant, and when events occurred. The protocol
recommended aspirin (or an alternative antiplatelet) for 6 months post implant and clopidogrel
per standard of care. All anticoagulants, including injectable, were previously reported as OAC
in this cohort®. The current report categorises injectable anticoagulants as “other” and not OAC.

Follow-up is ongoing in this registry up to 2 years post implant.



Echocardiography

Transoesophageal echocardiography (TOE) was undertaken before the procedure to rule out
thrombus and assess LAA size and shape. TOE or intracardiac echocardiography guided the
procedure and a transthoracic echocardiogram was acquired pre-discharge to assess device
location and check for pericardial effusion. TOE was again performed 1-3 months after implant.
The TOE protocol included omniplane views of 0°, 60°, and 110° to obtain information regarding
LA/LAA thrombus, LAA ostium size, length distal to the LAA ostium, peri-device flow, and
procedural complications such as device embolisation and pericardial effusion. LAA closure
measured by residual flow around the device was categorised as none, small (<3 mm), medium
(3-5 mm), or large (>5 mm). The threshold for adequate sealing in the current study was

residual flow <3 mm.

Clinical events

Clinical events for this analysis were mortality, stroke, device-related thrombosis (DRT), and
major bleeding. Major bleeding was defined as an event meeting Bleeding Academic Research
Consortium (BARC) >3. Type 3a is a drop in haemoglobin (>3 to <5 g/dL) with overt bleeding
requiring transfusion, 3b is overt bleeding with a haemoglobin drop >5 g/dL, cardiac
tamponade, or bleeding requiring surgical intervention, 3c is intracranial haemorrhage or
intraocular bleed compromising vision, and type 5 is probable or definite fatal bleeding. All
bleeding events, regardless of temporal relationship to the procedure, were adjudicated by the
CEC for relationship to the procedure and device. The protocol required that sites obtain a TOE

if a stroke or TIA was confirmed. The CEC reviewed site-submitted echocardiographic or CT



reports to judge the presence or absence of DRT, defined as the presence of a mass attached to

the LA aspect of the device.

Statistical analysis

Baseline clinical characteristics and medication regimen were summarised using descriptive
statistics. Percentages were used to summarise categorical variables and mean and standard
deviation (SD) were used to summarise continuous variables. Kaplan-Meier estimates were
utilised to calculate the clinical event rates of death and DRT at one year. The incidence rates

for all other clinical events were calculated as annualised rates (events/patient-years).

Supplementary Appendix 2. Results
Patients

Forty sites enrolled 1-20 patients, 17 sites enrolled 21-40 patients, and 4 sites enrolled more
than 40 patients. Chicken wing was the most common (44%) LAA morphology, followed by the
windsock (27%). Enrolled patients were 7549 years old, predominantly (65%) male, and several
had a prior stroke (28%), TIA (11%), or major bleeding event (72%). The LAAO procedure was
performed due to a contraindication (absolute or relative) to anticoagulation in 83% or due to

other reasons (e.g., labile INR, prior stroke on anticoagulant, or patient choice) in 17%.

Echocardiography

The procedure was guided by TOE in 88% and intracardiac echocardiography in 12%. The 1- to
3-month TOE follow-up rate was 78.3%, and 99.0% of the follow-up TOEs were acquired beyond

four weeks after implant.



Supplementary Appendix 3. Limitations

Missing and non-reported data are limitations for all large multicentre observational studies.
We believe that the 3.7% of the expected patients not completing the one-year follow-up visit
do not limit the generalisability of these real-world observations. Our echocardiographic follow-
up rate of 78.3% only included TOEs for consistent evaluation of peri-device flow, although an
additional 13.8% of patients had a transthoracic echocardiogram 1-3 months after implant
which was not used to evaluate sealing success. A small number of patients did not receive an
implant, potentially excluding some complex anatomies from evaluation of sealing success.
Echocardiography (or CT) was not routinely performed to check for the presence of DRT at the
time a stroke was confirmed, despite this being requested in the protocol. This may be a
reflection of the current standard of care during a stroke. The low proportion of stroke patients
with evaluation for thrombus prevents us from investigating the causal relationship between

DRTs and ischaemic events.



Supplementary Table 1. Baseline characteristics comparing patients who completed one-year follow-
up versus those who did not.

Patients w/o 1-yr FU| Patients with 1-yr FU

77.5+8.7 (n=138)

74.8+8.4 (n=950)

Age, years
Age >80 58/138 (42.0%) 270/950 (28.4%)
Male gender 99/138 (71.7%) 603/950 (63.5%)

Systolic blood pressure (mmHg)

132.2+20.9 (138)

136.9+21.6 (949)

CHA,DS;,-VASc score

4.3+1.6 (138)

4.2+1.6 (948)

HAS-BLED score

3.5+1.1 (138)

3.3+1.1(947)

Labile INR

23/138 (16.7%)

94/950 (9.9%)

Previous major bleed event

96/138 (69.6%)

684/950 (72.0%)

Previous stroke

32/138 (23.2%)

267/950 (28.1%)

Previous TIA

12/138 (8.7%)

103/950 (10.8%)

Abnormal liver function

10/138 (7.2%)

46/950 (4.8%)

Abnormal renal function

55/138 (39.9%)

221/950 (23.3%)

Previous PCI/CABG

32/138 (23.2%)

245/950 (25.8%)

Hypertension

121/138 (87.7%)

792/950 (83.4%)

Contraindicated to OAC

116/138 (84.1%)

785/950 (82.6%)




Supplementary Table 2. CEC-adjudicated procedure- or device-related SAEs through one year.

Procedure- or device-related SAE | # of events through 1 year
Arrhythmia 2
Acute renal failure 1
Air embolus 1
Bleeding

General 8
Gastrointestinal bleeding 4
Vascular access complication 15
Cardiac decompensation 5
Chronic subdural haematoma 1
Confusion 2

Deep vein thrombosis 1
Device embolisation (major) 2
Hypertension/hypotension 2
Infection/fever 3
Ischaemic stroke 6
Pericardial effusion

Acute 6

Late (>48 hours) 2
Pericardial tamponade

Acute 9

Late (>48 hours) 1

Perforation (cardiac) 1
Pleural effusion 3
Pulmonary embolism 1
Respiratory failure 3
TEE-related event* 1
Thrombus on device 18
Othert 6
Total # of events 104

*Laryngeal pain after implant procedure. Laryngoscopy documented bilateral arytenoid
cartilage haematoma.

tOther consists of: pacing lead dislodgement, non-infective endocarditis, urinary retention, fall,
seizure, aphasia



