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INTERVENTIONS FOR HYPERTENSION AND STROKE

CLINICAL RESEARCH

Incidence and clinical impact of major bleeding following left
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Abstract
Background: Major bleeding (MB) events are independent predictors of mortality after cardiac interven-
tional procedures. The clinical relevance of MB following left atrial appendage occlusion (LAAQO) remains
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unclear.

Aims: This study aimed to investigate the incidence and clinical impact of MB after LAAO in a real-world
population at high risk for bleeding and contraindicated to anticoagulation.

Methods: The two-year results of the Amplatzer Amulet Observational Post-Market Study were analysed.
An independent committee adjudicated MBs according to the Bleeding Academic Research Consortium
scale. Cox proportional hazards regression identified variables associated with MB events and mortality.
Results: The MB rate was 7.2%/year, with a rate of 10.1%/year during year one, decreasing to 4.0%/year
over year two. The most common bleeding location was gastrointestinal, accounting for 48% of MBs. Pre-
LAAO MB was associated with an increased risk for post-LAAO MB (HR 2.34, 95% CI: 1.37-3.99). The
occurrence of post-LAAO MB was associated with increased mortality (37.3% vs 12.7%; p<0.0001), driven
mainly by events occurring beyond the periprocedural period. The annualised rate of ischaemic stroke or
TIA was similar in patients with and without MB (2.3% vs 3.3%; p=0.446). MB post LAAO was a strong
independent predictor of mortality (HR 3.07, 95% CI: 2.15-4.40).

Conclusions: In real-world patients at high bleeding risk, MB following LAAO was not uncommon and
associated with a significant increase in mortality, without increasing the risk of stroke. ClinicalTrials.gov
Identifier: NCT02447081. https://clinicaltrials.gov/ct2/show/NCT02447081
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Abbreviations

APT antiplatelet therapy

BARC  Bleeding Academic Research Consortium
DRT device-related thrombus

Gl gastrointestinal

IC intracranial

LAAO left atrial appendage occlusion

MB major bleeding

O0AC oral anticoagulation

TIA transient ischaemic attack

Introduction

Percutaneous left atrial appendage occlusion (LAAO) is increas-
ingly applied for stroke prevention in patients with non-valvular
atrial fibrillation (AF) and having a relative or absolute contrain-
dication to long-term oral anticoagulation (OAC)-. Following
LAAO, post-procedural antithrombotic therapy is recommended to
prevent the occurrence of device-related thrombus, but it is usually
restricted to a short period of time, potentially reducing the long-
term risk of bleeding events. However, as LAAO is most often per-
formed in patients with advanced age and multiple comorbidities,
procedural and late bleeding events remain as potentially signifi-
cant complications and could represent an area of improved patient
care’*. Despite this, little is known about the incidence, predictors
and clinical impact of major bleeding (MB) after LAAO in a real-
world setting of patients at high bleeding risk. Therefore, the aim of
this study was to characterise the incidence, predictors and clinical
impact of MB after LAAO in the prospective multicentre global
Amplatzer™ Amulet™ Observational Post-Market Study.

Methods

This analysis utilised the complete two-year follow-up data of the pro-
spective global Amplatzer Amulet Observational Post-Market Study?.

Study follow-up visits occurred at discharge, 1-3 months, 6 months,
1 year, and 2 years post procedure. At each visit, medications were
reviewed, and it was ascertained if reportable adverse events had
occurred. The protocol recommended subjects take aspirin for
>6 months and clopidogrel per site standard of care following implant.

Serious adverse event reporting followed the International
Organization for Standardization (ISO) 141555 definition. The
sponsor provided source documentation concerning all seri-
ous adverse events to an independent clinical events committee
(CEC) for adjudication. MB events were defined as type >3 on
the Bleeding Academic Research Consortium (BARC) scale and
categorised as major (3a, 3b, or 3c) or fatal (5a or 5b)°>. The CEC
adjudicated deaths as resulting from cardiovascular (CV), non-CV,
or unknown causes. Deaths due to unknown causes are conserva-
tively categorised as CV deaths in this analysis as per the Munich
consensus document?®.

STATISTICAL ANALYSIS
Descriptive statistics summarised baseline demographic and
clinical characteristics. The Wilcoxon rank-sum test was used
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to identify differences in continuous variables between patients
with and without MB events. Fisher’s exact test was used to
identify differences in categorical variables. Annualised rates
were defined as number of events per patient-years of follow-up
and compared between groups using a Poisson regression model.
The rates of MB, mortality, and the composite of ischaemic
stroke or transient ischaemic attack (TIA) were calculated at two
years post LAAO using the Kaplan-Meier method and compared
between groups using the log-rank test. Cox proportional hazards
regression was used to identify variables associated with MB
events and mortality, reporting hazard ratios (HR) and 95% con-
fidence intervals (CI). Variables with univariate p-values <0.20
were subsequently included in the multiple regression analyses.
SAS 9.4 (SAS Institute, Cary, NC, USA) was used for analy-
sis and Stata/SE 16.0 (StataCorp, College Station, TX, USA)
for graphing. The lead author had the opportunity to query any
aspect of the data and takes responsibility for data integrity and
analysis.

Results

BASELINE CHARACTERISTICS

Most patients enrolled in the Amplatzer Amulet Observational
Post-Market Study had a history of MB prior to LAAO implant
(780/1,088 patients; 72%). The anatomical location of pre-LAAO
MB events is detailed in Figure 1. Baseline characteristics for
patients with and without MB over follow-up are presented in
Table 1.

A previous history of MB, driven by prior gastrointestinal (GI)
bleeding (51% vs 28%), and OAC contraindications (95% vs
81%) were more often present in patients experiencing MB during
follow-up. The HAS-BLED (3.4+1.0 vs 3.3+1.1) and CHA DS, -
VASc scores (4.3+1.4 vs 4.2+1.6) were similar between the two
groups.

ANTITHROMBOTIC MEDICATIONS

Most patients were discharged on dual (57.7%) or single (22.4%)
antiplatelet therapy (APT), while 17.8% were discharged on anti-
coagulants®. Of note, no difference was found in the antithrombotic
medication regimen at discharge from the index LAAO procedure
in patients with and without MB after LAAO. At 45 days, 80.0%
of those discharged on dual APT or anticoagulants still received
the intensive therapy. At six months, most subjects transitioned
to single APT (61.8%) or no antithrombotic medications (14.6%),
with this regimen growing slightly over long-term follow-up up to
two years (62.8%/21.5%, respectively).

Of patients with a known medication regimen at the time of
pre-LAAO MB (745 of 780 patients), the majority (79.5%) were
on an anticoagulant at the time of MB, while the remainder were
on antiplatelet agents alone (9.1%) or no antithrombotic medica-
tions (11.4%). At the time of post-LAAO MB, 32.9% of patients
were on dual APT, 31.4% on aspirin alone, 15.7% received no
antithrombotic medications, 14.3% were on an anticoagulant, and
5.7% were on clopidogrel alone.
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A Gastrointestinal 30
Intracranial 29
Intraocular i 1
Intra-articular |l 1
Intramuscular [ 1
Unknown | 1
Retroperitoneal |i§ 0.8
Intraspinal |} 0.4
Other 12
0 5 10 15 20 25 30 3
% of study population
BARC 3 BARC 5
No. of events % of No. of events % of
(% BARC 3) patients (% BARC 5) patients
B Gastrointestinal 65(504%)  4.6% 2(18.2%) 0.2%
Intracranial 11 (8.5%) 0.9% 7 (63.6%) 0.6%
Cardiac 16 (12.4%) 1.5% 2 (18.2%) 0.2%
Anaemia 18 (14.0%) 1.4% 0 (0.0%) 0.0%
Vascular access site 8 (6.2%) 0.7% 0 (0.0%) 0.0%
Genitourinary 4 (3.1%) 0.4% 0 (0.0%) 0.0%
Haematoma (non-access site) 3(2.3%) 0.3% 0 (0.0%) 0.0%
Peritoneal 1 (0.8%) 0.1% 0 (0.0%) 0.0%
Other B BARC 3 EMBARC 5 (fatal) 3(2.3%) 0.3% 0(0.0%) 0.0%
0 10 20 30 10 50 50 70

# of MB events

Figure 1. MB location and severity. A) The majority of pre-LAAO MBs were gastrointestinal or intracranial. B) Post LAAO, 67 of the 140 MBs
were gastrointestinal, accounting for half of BARC 3 events and 18.2% of fatal BARC 5 events. Intracranial MBs occurred 18 times, with fatal

BARC 5 events most often resulting from intracranial bleeds.

INCIDENCE, TIMING, AND RELATIONSHIP OF MB EVENTS

The CEC adjudicated 140 MB events in 110 subjects, which cor-
responds to an annualised rate of 7.2% and 10.1%, respectively, of
patients undergoing an implant attempt. There were 30 patients who
had an MB within 7 days of the procedure. Over half of the MB events
(n=77) occurred within the first 90 days and 74% during the first year.

>
=)

Major bleeding (%)
Major bleeding (%)
7 days
6 months

The annualised MB rate decreased from 10.1% over the first year to
4.0%/year over the second year of follow-up. Figure 2 shows the cumu-
lative rate of MB over time, as well as landmark analyses of bleeding
rates over the periprocedural period (<7 days), the intense antithrom-
botic period (6 months), and long-term follow-up (>6 months) when
most subjects were maintained on a restricted antithrombotic regimen.

0 9 180 270 360 450 540 630 720 0 90 180 270
Time post LAAO (days)

30 450 540 630 720

Time post LAAO (days)

Bleeding rate
(No. of patients
with MBs/Total N)

Overall 10.1% (110/1,088)
>7 days 8.0% (86/1,072)
>6 months ~ 3.9% (40/1,015)

Event rate/
100 patient-years
(No. of MBs/
patient-years)

71.2% (140/1,933)
5.8% (110/1,909)
3.5% (49/1,407)

Figure 2. Cumulative and landmark analyses of major bleeding events after LAAO. A) During two years of follow-up, a total of 140 MB events
occurred in 110 subjects, corresponding to an annualised rate of 7.2% and 10.1% of all patients, respectively. B) Three intervals: from LAAO
procedure to day 7 (periprocedural), from day 8 to 6 months, during which most patients were still under an antithrombotic regimen, and

long-term follow-up (>6 months) when most patients were maintained on a restricted antithrombotic regimen (single antiplatelet or no

antithrombotic medication,).



Table 1. Baseline demographics and clinical characteristics of
patients with and without MB after LAAO.

MB after LAAO| No MB after

Characteristic (n=110) |LAAD (n=978) p-value

Age, years 77+8 75+9 0.09
Male gender 59% 65% 0.21
AF at time of implant 63% 59% 0.48
Hypertension 85% 84% 1.00
Congestive heart failure 21% 16% 0.23
Previous stroke 20% 28% 0.07
Previous TIA 10% 11% 1.00
Previous MB 85% 70% <0.01

E{é‘;rdii'r‘]tg'a”a”ia' 29% 29% 1.00

Prior Gl bleeding 51% 28% <0.01
Previous PCI or CABG 23% 26% 0.56
Peripheral vascular disease 16% 15% 0.78
CHA,DS,-VASc score 4.3+1.4 4.2+1.6 0.44
HAS-BLED score 3.4+1.0 3.3x1.1 0.33
Contraindication to OAC 95% 81% <0.01

?(?r?‘?rlauitnedication e e

Relative contraindication 42% 33% -

Known bleeding risk 46% 42%
aizgihcaartgignantithrombotic 0.78

None 3% 2%

SAPT 25% 22%

DAPT 56% 58% -

/E'E]/lt\iﬁlc_)'z;gulation (oral or 16% 18%
AF: atrial fibrillation; CABG: coronary artery bypass grafting; DAPT: dual
antiplatelet therapy; LMWH: low molecular weight heparin; MB: major
bleed; OAC: oral anticoagulation; PCI: percutaneous coronary
;rgz(r:vkention; SAPT: single antiplatelet therapy; TIA: transient ischaemic

The CEC adjudicated 32 MB events (23%) as related to the
AMPLATZER™ Amulet™ device (Abbott Vascular, Santa Clara,
CA, USA) or the procedure, corresponding to 2.9% of enrolled
patients. Of these, 27 MB events occurred <7 days from the index
procedure. Pericardial effusion, pericardial tamponade, or cardiac
perforations accounted for 15 of the device- or procedure-related
MB events.

ANATOMICAL LOCATION AND SEVERITY OF MB EVENTS

Figure 1B shows the anatomical location of post-LAAO MB
events, categorised by BARC severity. GI bleedings were the most
common, accounting for 48% of all MB events. An active source
of GI bleeding amenable to endoscopic treatment was only identi-
fied in 39% of cases. Intracranial (IC) bleeding, including intrac-
erebral haemorrhage, subdural haematoma, and ischaemic stroke
or brain tumour with haemorrhagic transformations, accounted for
13% of all MB events. Cerebral amyloid angiopathy was identi-
fied in one patient suffering an IC bleeding. Pericardial effusion,
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pericardial tamponade, or cardiac perforation occurred 16 times,
consisting of 15 device- or procedure-related events. In addition,
two aortic dissections brought the total number of cardiac bleed-
ing events to 18.

Of 11 fatal bleeding events (BARC 5), 7 were due to IC bleed-
ing, 2 were due to GI bleeding and 2 were due to cardiac-related
events. Of note, only one fatal bleeding occurred within 7 days of
LAAO - the result of intraprocedural cardiac perforation.

MORTALITY AND THROMBOEMBOLIC EVENTS IN PATIENTS
WITH AND WITHOUT POST-LAAO MB

Kaplan-Meier analyses up to two years post LAAO compared mor-
tality and thromboembolic events (ischaemic stroke or TIA) between
patients with and without post-LAAO MB (Figure 3A-Figure 3C).
Both all-cause (37.3% vs 12.7%; p<0.0001) and CV (25.2% vs
7.2%; p<0.0001) mortality rates at two years were significantly
higher in patients with an MB event post LAAO.

The Kaplan-Meier rate of ischaemic stroke or TIA was simi-
lar in patients with and without MB (Figure 3C), with annualised
rates of 2.3%/year and 3.3%/year (p=0.446), respectively.

Figure 4 shows mortality based upon the location of post-
LAAO MB events. Patients with both a GI and other location MB
event (n=7) or intracranial and other location MB event (n=1) over
follow-up were counted in the GI and IC groups, respectively. At
two years, the mortality rate was 64.7% for patients with IC bleed-
ing, 34.1% for patients with GI bleeding and 29.3% for patients
with an MB other than GI or IC.

Figure 5 illustrates the temporal relationship of MB events to
death in the 41 patients who suffered an MB and died over follow-
up. There were 11 patients with a BARC 5 bleeding event in whom
the causal association between MB and death was ascertained by the
CEC. In the remaining 30 patients with BARC 3 bleeding events,
a time window of 30 days between MB and death was defined to
imply a plausible causal relationship. A total of 8 additional patients
had an MB event within this window. In the remaining 22 patients,
there was no clear evidence of causality between MB and death.
Of the 30 patients with a periprocedural (<7 days) MB, only 1 died
within 30 days post LAAO due to cardiac perforation (periproce-
dural MB-related mortality=0.1%; 1/1,088 patients).

PREDICTORS OF MB AND MORTALITY

Univariable and multiple regression analyses were performed to
identify predictors of MB events post LAAO (Table 2) and all-
cause mortality (Table 3). Age, history of congestive heart failure,
prior stroke, and prior MB were included in the multiple regres-
sion analysis to identify predictors of post-LAAO MB. A prior
stroke reduced the risk for post-LAAO MB (HR 0.60, 95% CI:
0.38 to 0.96; p-value 0.033), while pre-LAAO MB increased the
risk for post-LAAO MB (HR 2.34, 95% CI: 1.37 to 3.99; p-value
0.002). Multiple regression identified the following characteristics
as predictors of all-cause mortality (Table 3) — age, congestive
heart failure, MB post LAAO, peripheral vascular disease, and
baseline HAS-BLED score.
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MB over follow-up 110 102 94 90 89 85 80 75 46
No MB over follow-up 978 942 922 895 873 854 844 830 491

T— mB over follow-up
— No MB over follow-up
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Log-rank p-value=0.640 4.2%

Ischaemic stroke or TIA (%)

0 9 180 20 360 450 M0 630 720
Time post LAAO (days)
Number at risk

MB over follow-up 110 102 94 90 89 85 79 74 45
No MB over follow-up 978 932 902 872 845 824 810 794 467

Figure 3. Association of post-LAAO major bleeding with clinical
outcomes. Kaplan-Meier analyses up to two years post LAAO
comparing all-cause mortality (A), CV mortality (B) and ischaemic
stroke/TIA (C) between patients with and without MB events
following LAAO. Both all-cause and CV mortality rates at two years
were significantly higher in patients with an MB event post LAAO.
The rate of ischaemic stroke or TIA was similar in patients with and
without MB, with an annualised rate of ischaemic stroke of 1.7%/
year and 2.2%/vear, respectively (p=0.640).
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Figure 4. Association of major bleeding location with all-cause
mortality. Patients were stratified according to MB location after
LAAO: intracranial (IC), gastrointestinal (GI) and non-Gl/non-IC.
The cumulative mortality incidence for each subgroup is shown and
compared to patients without MB.
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Figure 5. Major bleed timing, severity, and location relative to
mortality. The 41 patients who had an MB and died over follow-up
(grey lines) are shown. Periprocedural MBs were rarely fatal, with
only one of the 30 patients with a periprocedural MB dying within
30 days of LAAO. Nineteen patients died within 30 days following an
MB, with many of the late deaths occurring shortly after an IC or GI
event.

Discussion

The main findings of the current study can be summarised as fol-
lows: 1) among a patient population at high bleeding risk treated
with LAAO, MB events were not uncommon, with an annualised



Table 2. Predictors of MB events after LAAO.

Characteristic

Univariable analysis

Major bleeding in the Amulet observational study

Multiple regression analysis

HR (95% CI) HR (95% CI)
Age, years 1.03 (1.00-1.05) 0.029 1.02 (1.00-1.05) 0.075
Male gender 0.80 (0.55-1.18) 0.263
Hypertension 1.08 (0.64-1.80) 0.784
Congestive heart failure 1.39 (0.88-2.20) 0.161 1.38 (0.87-2.18) 0.173
Previous stroke 0.62 (0.39-0.98) 0.042 0.60 (0.38-0.96) 0.033
Previous TIA 0.93 (0.50-1.73) 0.817
Pre-LAAO major bleed 2.38 (1.40-4.04) 0.001 2.34 (1.37-3.99) 0.002
Previous PCI or CABG 0.86 (0.55-1.35) 0.523
Peripheral vascular disease 1.14 (0.69-1.90) 0.600
CHA,DS,-VASc score 1.05(0.93-1.18) 0.425
HAS-BLED score 1.06 (0.90-1.26) 0.488
Discharged on SAPT* 1.10(0.71-1.69) 0.681
Discharged on DAPT* 0.93 (0.64-1.35) 0.689
Discharged on anticoagulation (oral or LMWH)* 0.91 (0.55-1.50) 0.704
*Discharge medication listed (i.e., SAPT) compared to all other discharge medications. CABG: coronary artery bypass grafting; DAPT: dual antiplatelet
therapy; LAAO: left atrial appendage occlusion; LMWH: low molecular weight heparin; PCI: percutaneous coronary intervention; SAPT: single antiplatelet
therapy; TIA: transient ischaemic attack

rate of 7.2%/year over a two-year follow-up; 2) patients with
a prior history of MB were at higher risk of MB recurrence after
the procedure; 3) the most common source of MB after LAAO

a significant increase in the risk of all-cause and CV mortali-
ties, driven mainly by bleeding events beyond the periprocedural
period, without increasing the risk of stroke/TIA; and 5) MB was
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was GI; 4) the occurrence of MB post LAAO was associated with ~ an independent predictor of all-cause mortality.

Table 3. Predictors of all-cause mortality after LAAO.

Univariable analysis

Multiple regression analysis

Variable

HR (95% CI)

HR (95% CI)

Age, years 1.05 (1.02-1.07) <0.001 1.04 (1.02-1.07) <0.001
Male gender 1.12 (0.81-1.56) 0.483

Hypertension 1.27 (0.81-1.98) 0.310

Congestive heart failure 1.97 (1.39-2.79) <0.001 1.72 (1.16-2.55) 0.007
Previous stroke 0.79 (0.55-1.13) 0.203

Previous TIA 0.73 (0.41-1.29) 0.277

Pre-LAAO major bleed 1.19 (0.83-1.70) 0.347

Major bleed over follow-up (post LAAO) 3.41 (2.39-4.85) <0.001 3.07 (2.15-4.40) <0.001
Previous PCI or CABG 1.30 (0.93-1.82) 0.123 0.94 (0.66-1.35) 0.746
Peripheral vascular disease 2.20(1.55-3.12) <0.001 1.91 (1.30-2.82) 0.001
CHA,DS,-VASc score* 1.19(1.08-1.31) 0.001 0.91 (0.80-1.04) 0.176
HAS-BLED score* 1.39(1.21-1.59) <0.001 1.30(1.11-1.53) 0.001
Discharged on SAPTY 0.87 (0.60-1.28) 0.493

Discharged on DAPT" 1.07 (0.78-1.47) 0.661

Discharged on anticoagulation (oral or LMWH)* 0.91 (0.60-1.38) 0.646

*For every one point increase in risk score. "Discharge medication listed (i.e., SAPT) compared to all other discharge medications. CABG: coronary artery
bypass grafting; DAPT: dual antiplatelet therapy; LAAO: left atrial appendage occlusion; LMWH: low molecular weight heparin; PCI: percutaneous
coronary intervention; SAPT: single antiplatelet therapy; TIA: transient ischaemic attack
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MB INCIDENCE AFTER LAAO AND COMPARISON WITH
PUBLISHED STUDIES

In the current study, the annualised rate of MB was 10.1%/year
during the first year, decreasing to 4.0%/year during the second
year. The landmark analyses of Figure 2B show that, while the rate
of MB decreases over time, there is still a continuous risk of MB
despite a restrained antithrombotic regimen in this high bleeding
risk population. Of note, 23% of all MB events were procedure- or
device-related, occurring mostly during the periprocedural period.
Pericardial effusion with or without tamponade and vascular com-
plications accounted for the majority of procedure-/device-related
MB events, emphasising the need for further improvements in
procedural techniques and preventive strategies. Adequate phy-
sician training, better assessment of LAA anatomy by 3D imag-
ing modalities, optimal device sizing, standardised implantation
protocol and meticulous procedural anticoagulation all repre-
sent important aspects to mitigate not only acute procedure- or
device-related MBs but also late pericardial effusions. In the
AMPLATZER Cardiac Plug registry of 1,047 patients implanted
with the first-generation AMPLATZER™ LAAO device (Abbott
Vascular), the annualised rate of MB was lower at 2.1%/year!.
However, cardiac tamponade occurred in 13 patients and was not
counted as an MB event despite fulfilling the Munich consensus
reporting criteria for an MB endpoint®. Moreover, the retrospec-
tive design of the study, without independent adjudication, may
have resulted in significant under-reporting of bleeding events. In
the two-year follow-up of the prospective EWOLUTION regis-
try of 1,020 patients implanted with the WATCHMAN™ device
(Boston Scientific, Marlborough, MA, USA), the annualised rate
of non-procedural MB was 2.7%/year, which did not include pro-
cedural bleeding events of tamponade or vascular complications?.
Nevertheless, the higher than previously observed rate of MB
in the current study could be related to the higher bleeding risk
profile of the current study population as compared to previous
studies. Indeed, a history of MB was present in 72% of the cur-
rent study population, as compared to 47% in the ACP study and
31% in EWOLUTION. Interestingly, a specific analysis restricted
to 318 patients with a prior MB in EWOLUTION showed higher
rates of non-procedural MB at 4.5%/year, with a protracted risk
reduction of 30% compared to the HAS-BLED score?. In a single-
centre registry, Weise et al included 298 patients who underwent
LAAO with five different LAAO devices (42% AMPLATZER)'.
The mean HAS-BLED score was 3.5+1, with a high proportion of
patients having a previous history of bleeding (61%), all reflect-
ing patients with high bleeding risk profiles similar to our study
population. Interestingly, they also reported a high incidence of
MB events during follow-up at 10.7%. When cardiac tamponades
were added, the incidence rose to as high as 14%. With regard
to the anatomical location of MB in the current study, GI origin
accounted for the vast majority of non-procedural MBs, similar to
what has been reported after LAAO**” but also after percutaneous
coronary intervention (PCI) and transcatheter aortic valve replace-
ment (TAVR)*10,

PREDICTORS OF MB AFTER LAAO

We found that prior stroke and pre-LAAO MB were independ-
ent predictors of MB during follow-up, while age had a border-
line significance. Our findings suggest that patients with prior
MB represent a population at increased risk of recurrent bleeding
events after LAAO, requiring closer surveillance and improve-
ment in bleeding avoidance strategies. However, by their nature,
some bleeding conditions such as GI angiodysplasia and cerebral
amyloid angiopathy will have a high probability of recurrence
even after all antithrombotic treatments have been stopped''.
Similar to EWOLUTION, the post-discharge antithrombotic
treatment in the current study was not an independent predic-
tor of MB, which could be related to the fact that the regimen
was at physician discretion and patients with the highest risk of
bleeding were probably discharged on single APT or even no
treatment, whilst patients at lower risk were treated with dual
APT or an anticoagulant. Of note, half of all MBs over the two
years of follow-up occurred over the first 90 days, when 75.5%
of patients were on dual APT or an anticoagulant. It is reason-
able to assume that shorter durations of dual APT or anticoagu-
lation after LAAO could decrease the long-term risk of bleeding
events. In a propensity-adjusted analysis to assess the impact
of dual APT duration on bleeding and thromboembolic events
in the EWOLUTION trial, early discontinuation of dual APT
(<105 days) was associated with lower bleeding rates at 1.1%,
while bleeding rates were higher at 3.5% for late discontinuation,
with no difference in thromboembolic events®. Further studies
are needed to assess the optimal duration and type of antithrom-
botic treatment after LAAO, balancing the risk of bleeding with
that of thromboembolic events and device-related thrombus
(DRT). In the current study, the rate of DRT at two years was
1.6%°, with only one patient having both a DRT and an MB.
As previously detailed in a stand-alone DRT sub-analysis'?, the
discharge antithrombotic regimen was similar between patients
with and without DRT, APT agents alone were used when 77%
of DRTs were identified, and 83% of patients received antico-
agulation to resolve the DRT. Fortunately, no MBs occurred in
patients following DRT despite the use of anticoagulation in this
high-risk group.

CLINICAL IMPACT OF MB AFTER LAAO

Periprocedural and late bleeding complications have been asso-
ciated with early and late mortality following PCI and TAVR®*!3.
To the best of our knowledge, our study is the first specifically
to evaluate the clinical impact of MB after LAAO. We found that
MB following LAAO was associated with markedly increased
risks for all-cause and CV mortality, without increasing the risk of
stroke/TIA. Moreover, MB was found to be an independent pre-
dictor of all-cause mortality. A causal relationship between MB
and death was confirmed in 11 patients and suspected in another
8 patients by using a time window of 30 days between MB and
death. Although GI bleeding was the most common location of
MB, and associated with a high mortality rate, the fatality rate



was highest for IC bleeding, with most deaths occurring shortly
after IC bleeding. As LAAO is intended to be a lifelong pre-
ventive procedure against stroke, most of the attention has been
focused on the improvement in procedural safety and acute out-
comes. Accordingly, we found that bleeding events that occurred
during the periprocedural period were less likely to result in fatal
outcome, as most events occurred in the hospital setting where
prompt care is readily available. The current study underscores
the detrimental effect of MB beyond the periprocedural period
and identifies an area of improved patient care. Prevention and
reduction of MB could represent an important future target to
improve the long-term prognosis after LAAO. Beyond MB, all
other independent predictors of all-cause mortality (increas-
ing age, congestive heart failure, PVD and HAS-BLED score)
pointed to an increase in patient risk profile and comorbidities,

all factors contributing to worse long-term prognosis.

Study strengths and limitations

This study has some important strengths. It is the largest pro-
spective real-world LAAO study to use an independent CEC,
providing a systematic, standardised and independent characteri-
sation of bleeding events. Nevertheless, some limitations should
be acknowledged. First, although antithrombotic therapy at dis-
charge did not influence the risk of MB, our results must be
interpreted in light of the non-randomised nature of the study.
Therefore, patients at highest risk of bleeding may have received
less potent antithrombotic therapy post LAAO and the oppo-
site holds true for patients at lower bleeding risk. Additionally,
although we have adjusted the risk of mortality for imbalances
in a number of important covariates, potential unmeasured con-
founders may still be present.

Conclusions

In a real-world population of patients at high risk for bleeding
who underwent LAAO, MB occurred in 10.1% and was associated
with a significant increase in all-cause and CV mortality, with-
out increasing the risk of stroke. Given the growing adoption of
LAAO, preventive strategies, early detection and prompt manage-
ment of MB could represent an important future target to improve
long-term prognosis after LAAO.

Impact on daily practice

In patients at high bleeding risk undergoing LAAO, post-pro-
cedural major bleeding was not uncommon and associated with
a significant increase in all-cause mortality, driven mainly by
events occurring beyond the periprocedural period. Strategies
to limit bleeding events, potentially including a restrained
adjunctive antithrombotic regimen, early detection and prompt
management of events could all represent important targets to
reduce the downstream impact of major bleeding following
LAAO.

Major bleeding in the Amulet observational study
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