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Abstract

Background: Pivotal trials of percutaneous left atrial appendage occlusion (LAAO) used
specific post-procedure treatment protocols.

Objectives: This study sought to evaluate patterns of post-procedure care after LAAO with
the Watchman device in clinical practice and compare the risk of adverse events for different
discharge antithrombotic strategies.
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Methods: We evaluated patients in the NCDR LAAO Registry who underwent LAAO with this
device between 2016 and 2018. We assessed adherence to the full post-procedure trial protocol
including standardized follow-up, imaging and antithrombotic agents and then evaluated the most
commonly used antithrombotic strategies and compared the rates and odds of adverse events at 45
days and 6 months using multivariable logistic regression.

Results: Among 31,994 patients undergoing successful LAAQO, only 12.2% received the full
post-procedure treatment protocol studied in pivotal trials; the most common protocol deviations
were with discharge antithrombotic medications. The most common discharge medication
strategies were warfarin and aspirin (36.9%), DOAC and aspirin (20.8%), warfarin only (13.5%),
DOAC only (12.3%), and DAPT (5.0%). In multivariable logistic regression, the adjusted odds

of any adverse event through the 45-day follow-up visit were significantly lower for discharge on
warfarin alone (odds ratio [OR]: 0.637, 95% CI: 0.525-0.774) and DOAC alone (OR: 0.734; 95%
Cl: 0.579-0.931) compared with warfarin and aspirin. Warfarin alone remained lower risk at the
6-month follow-up.

Conclusions: In contemporary US practice, practitioners rarely used the full Food and Drug
Administration—approved post-procedure treatment protocols studied in pivotal trials of this
LAAQ device. Discharge post-implantation on warfarin or a DOAC without concomitant aspirin
was associated with lower risk of adverse outcomes.

Condensed Abstract

Among 31,994 Watchman patients in the LAAO Registry, only 12.2% received the full post-
procedure treatment protocol studied in pivotal trials; the most common deviations were with
discharge antithrombotic medications. The most common discharge medication strategies were
warfarin and aspirin (36.9%), direct oral anticoagulants (DOACSs) and aspirin (20.8%), warfarin
only (13.5%), DOAC only (12.3%), and dual antiplatelet therapy (5.0%). In multivariable logistic
regression, the adjusted odds of any adverse event through the 45-day follow-up visit were
significantly lower for discharge on warfarin alone and DOACSs alone compared with warfarin and
aspirin. Warfarin alone remained lower risk at the 6-month follow-up.
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INTRODUCTION

Patients with atrial fibrillation (AF) are at increased risk of thromboembolic stroke,
predominantly due to the formation and embolization of clots from within the left atrial
appendage. Percutaneous left atrial appendage occlusion (LAAO) lowers the risk of AF-
related stroke by mechanically excluding the LAA from the systemic circulation (1-8).

In March 2015, the US Food and Drug Administration (FDA) approved the Watchman
LAAQ device (Boston Scientific Corporation), which consists of a self-expanding nitinol
frame with fixation barbs and a permeable polyester fabric cover, after 2 pivotal randomized
controlled clinical trials (9-12). Both trials stipulated the use of standardized post-procedure
protocols, including follow-up, imaging, and antithrombotic medications that were designed
to minimize the risk of device-related thrombosis and associated thromboembolism and
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stroke; accordingly, this regimen was incorporated into the FDA’s device approval.
Specifically, patients randomized to LAAO were discharged on warfarin and aspirin (81-325
mg) for 45 days post-implantation. At the follow up visit (45 days + 2 weeks) patients
underwent transesophageal echocardiography (TEE) and if there was a peridevice leak >5
mm, they were maintained on warfarin and aspirin; if there was no leak or a leak <5 mm,
patients were transitioned to dual antiplatelet therapy (DAPT) with clopidogrel 75 mg daily
and aspirin daily until 6 months post-implantation, and then aspirin thereafter (11,13).

Several factors may lead clinicians to deviate from the standardized FDA-approved
treatment protocols. Data from the first 3 years of the National Cardiovascular Data Registry
(NCDR) LAAO Registry showed that patients undergoing LAAQ in the United States

are substantially older, and a higher proportion have had clinically-significant bleeding
events compared with patients enrolled in the randomized trials (14,15). In addition, most
individuals with AF receive direct oral anticoagulants (DOACS), which were not approved
for use at the time that the randomized trials of LAAO were designed. DOACs are favored
for stroke prevention in AF due to better safety and effectiveness relative to warfarin (16—
19); recent data suggest that transitioning to warfarin after LAAO in an individual already
treated with a DOAC may be unnecessary (20). Finally, small studies suggest that DAPT
alone may be sufficient to prevent device-related thrombus and stroke, and this practice is
common in Europe (21,22).

The presence and extent of variation from the full post-procedure treatment protocols

used in the pivotal trials has not been described. Furthermore, practice variation in
post-procedural antithrombotic treatment offers the opportunity for a natural experiment

to examine whether different approaches to treatment are associated with differences in
outcomes. To address these gaps in knowledge, we analyzed data from patients enrolled
the NCDR LAAO Registry between 2016 and 2018 who received an LAAO device with

a self-expanding nitinol frame with fixation barbs and a permeable polyester fabric cover
to evaluate deviations from the full post-procedure treatment protocols studied in pivotal
LAAQ trials, including standardized follow-up, imaging, and antithrombotic treatment. We
then focused on the anticoagulation and antiplatelet treatment patterns and compared the
rates and adjusted odds of adverse events at 45 days and 6 months associated with different
antithrombotic strategies.

METHODS
DATA SOURCES AND DATA COLLECTION.

The NCDR LAAO Registry serves as the formal post-market surveillance vehicle required
by the FDA for the Watchman device, and it is the only registry approved by the Centers
for Medicare & Medicaid Services to satisfy the coverage decision data submission
requirements (14). As of April 2016, US hospitals were required to submit data for all
procedures using the LAAQ device with a self-expanding nitinol frame with fixation barbs
and a permeable polyester fabric cover to the LAAO Registry to qualify for Medicare
reimbursement. Hospitals are encouraged to submit data on all device recipients regardless
of insurance status (23). The NCDR LAAO Registry v1.1 data collection form was used
to establish comparison groups and covariates. The Yale University Human Investigation
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Committee approved analysis of a limited dataset derived from the LAAO Registry with
waiver of informed consent.

LAAO Registry data collection methods have been detailed previously (4). In brief,

the LAAO Registry collects approximately 220 data elements from the implantation
hospitalization, 60 for each follow-up visit, and 15 data elements to support the adjudication
of adverse events (4). Data are collected at discharge, and follow-up visits over the first
year occur at 45 days (14 days), 180 days (-30 days + 60 days), and 365 days (60

days). The NCDR Data Quality Reporting process is designed to ensure that submissions
are complete, valid, and accurate. This involves an annual audit of about 5% of sites

that are randomly selected; during the audit, submitted data are compared with source
documentation and billing data (24). The LAAO Registry developed and validated a novel
process to adjudicate adverse clinical events over follow-up. A computer-based algorithm
uses discrete combinations of registry data elements based on standard event definitions

to adjudicate adverse events (15). Cases are manually adjudicated when registry data
elements are incomplete or conflicting. Adjudicated adverse events in the registry include
ischemic stroke, hemorrhagic stroke, undetermined stroke, transient ischemic attack (TI1A),
intracranial hemorrhage, systemic arterial embolism (other than stroke), major bleeding, and
major vascular complication.

STUDY POPULATION AND OUTCOMES.

This analysis included patients enrolled in the LAAO Registry who underwent LAAO using
the self-expanding nitinol frame with fixation barbs and a permeable polyester fabric cover
between January 1, 2016 and November 30, 2018. Because of the time frame of this study,
it only includes patients with the older-generation device, rather than the newest-generation
Watchman FLX device which was commercially released in late 2020 (25). We excluded
patients who died during their index hospitalization, who did not have a device successfully
implanted, or who were treated with rarely used anticoagulant and antiplatelet agents,
including Aggrenox (aspirin/dipyridamole), vorapaxar, and Durlaza (aspirin capsules).

The full post-procedure treatment protocol, including standardized follow-up, imaging, and
antithrombotic therapy, was defined according to the protocols used in the PROTECT-AF
(WATCHMAN Left Atrial Appendage System for Embolic PROTECTion in Patients With
Atrial Fibrillation) and PREVAIL (Evaluation of the WATCHMAN Left Atrial Appendage
(LAA) Closure Device in Patients With Atrial Fibrillation Versus Long Term Warfarin
Therapy) trials and subsequently codified in the device approval by the FDA (9,10).
Per-protocol was defined as 1) discharged on warfarin and aspirin (81-325 mg daily), 2)
first follow-up assessment at 45 days + 14 days post-procedure, 3) TEE performed in
follow-up window, 4) discontinuation of warfarin if residual leak 0-5 mm and no atrial
thrombus detected on TEE OR continuation of warfarin if residual leak =5 mm or atrial
thrombus detected on TEE, 5) second follow-up assessment at 6 months +60 days/—30 days
post-procedure, 6) taking clopidogrel 75 mg and aspirin until the second follow-up visit or
warfarin and aspirin if previously maintained on that. A patient must have met all of these
criteria to be considered per-protocol.
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After defining the rate of deviation from the full post-procedure protocols used in the trials,
all subsequent analyses evaluated discharge antithrombotic treatment patterns and associated
outcomes. Anticoagulant and antiplatelet medications captured on discharge included

the following: aspirin, warfarin, P2Y12 inhibitor (clopidogrel, prasugrel, ticlopidine, or
ticagrelor), DAPT (aspirin and P2Y12 inhibitor), DOAC (apixaban, dabigatran, rivaroxaban,
or edoxaban), bridging anticoagulation therapy (unfractionated heparin, fondaparinux, low
molecular weight heparin, or heparin derivative). Discharge medications were grouped

into the 5 most common and clinically-relevant mutually-exclusive discharge medication
strategies: 1) warfarin and aspirin; 2) warfarin only; 3) DOAC and aspirin; 4) DOAC

only; and 5) DAPT (aspirin and P2Y12 inhibitor) without an anticoagulant; these mutually-
exclusive medication groupings were used for all analyses of outcomes according to
antithrombotic treatment.

The primary outcomes included: 1) any adverse event, 2) major adverse events, 3) any stroke
or TIA, and 4) any readmission through the follow-up visit at 45 days + 14 days. Secondary
outcomes included these same adverse events through the follow-up visit at 6 months +60
days/—30 days. Additional secondary outcomes included unadjusted rates of device-related
thrombus and peridevice leak >5 mm through 45 days + 14 days follow-up. Because our
data is derived from clinical practice, TEE was available in 91% of patients within the
45-day + 14-day time window, but TEE imaging after this timepoint was substantially

less frequently performed, limiting our ability to assess secondary endpoints at 6 months.
Any adverse events consisted of cardiovascular, systemic, gastrointestinal/genitourinary,
device, peripheral vascular, neurologic, bleeding, and pulmonary events (Supplemental Table
1). A link to the full current data collection forms for the index hospitalization and all
follow-up visits is publicly available (26). A major adverse event was defined as death,
cardiac arrest, myocardial infarction, pericardial effusion requiring intervention, systemic
embolism, device embolization, major vascular complication, hemorrhagic stroke, ischemic
stroke, undetermined stroke, TIA, intracranial hemorrhage, or major bleeding (Supplemental
Table 2).

STATISTICAL ANALYSIS.

Statistical analyses were performed using SAS v9.4 (SAS institute). The rate of adherence to
the full post-procedure protocols, including follow-up, imaging, and antithrombotic therapy,
were described as humbers and percentages. Discharge medication use rates were first
described as numbers and percentages of patients discharged on a given medication in
non—-mutually-exclusive categories. Numbers and percentages were then calculated for the
most common and clinically relevant mutually-exclusive discharge medication strategies.
Baseline patient characteristics according to use of per-protocol anticoagulation versus
non—per-protocol were compared using Pearson’s chi-square test for categorical data and
the Wilcoxon rank-sum test for continuous data and reported as number (%) and median
(interquartile range [IQR]) or mean £ SD, with associated £ values. Similarly, baseline
characteristics were reported for the 5 most common and clinically-relevant discharge
medication strategies.
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Numbers and rates of adverse events were compared across the 5 mutually exclusive
discharge medication groupings at 2 discrete follow-up visit intervals: 45 days + 2 weeks
and 6 months +60 days/—30 days. The risk of adverse events was evaluated between

these groups using time-to-event analysis with Cox frailty models using warfarin and
aspirin as the reference group (trial per-protocol discharge medications). The risk of
adverse events was assessed at 2 follow-up visit intervals: 45 days + 2 weeks and

6 months +60 days/—-30 days. HRs and the corresponding 95% Cls for any adverse

event, major adverse event, any stroke or TIA, and any readmission were calculated.
Clinically-relevant covariates were evaluated, and all covariates with an unadjusted HR
Pvalue <0.2 were included in the models. Candidate variables included in the adjusted
models are listed in Supplemental Table 3. Age, female sex, race, CHA,;DS»-VASC score
components (congestive heart failure/ left ventricular dysfunction, hypertension, diabetes
mellitus, stroke, transient ischemic attack, thromboembolic event, vascular disease), HAS-
BLED score components (uncontrolled hypertension, abnormal renal function, abnormal
liver function, prior bleeding, labile international normalized ratio (INR), alcohol use,
antiplatelet drug, nonsteroidal anti-inflammatory drug, increased risk of falls), valvular
atrial fibrillation, prior atrial flutter, cardiomyopathy, chronic lung disease, sleep apnea,
prior cardiac structural intervention, coronary artery disease, height, weight, blood pressure,
hemoglobin, prothrombin time/INR, serum creatinine, platelet count, baseline medications
(warfarin, DOAC, P2Y12 inhibitor, DAPT), bridging anticoagulant therapy, transesophageal
echocardiogram (TEE) performed, indication for LAAO (increased thromboembolic stroke
risk, history of major bleed, high fall risk, labile INR, patient preference, noncompliance
with anticoagulation therapy), procedure canceled, device margin residual leak. Missing
values were imputed before modeling. Dichotomous (yes/no) variables were assumed to
be no, whereas all other variables were imputed using fully conditional specification (27).
For our analysis, all variables were missing <1% of the time. Sensitivity analyses were
then performed using multivariable logistic regression models for adverse events at the 2
follow-up visit intervals, 45 days + 2 weeks and 6 months +60 days/—30 days.

BASELINE CHARACTERISTICS.

A total of 35,142 patients who underwent LAAO with the device with the self-expanding
nitinol frame with fixation barbs and a permeable polyester fabric cover were enrolled in the
NCDR LAAO Registry between January 1, 2016 and November 31, 2018. After applying
exclusions, 31,994 patients remained in the cohort (Figure 1). The mean age of the overall
cohort was 76 years, and 41% were female. The mean CHA,DS,-VASC score was 4.6,

and the mean HAS-BLED score was 3 (Supplemental Table 4). The median follow-up time
for patients at the first follow-up visit was 47 days (interquartile range [IQR]: 43-51), and
the median follow-up time for patients at the second follow-up visit was 183 days (IQR:
162-202).

ADHERENCE TO FDA-APPROVED POST-PROCEDURE PROTOCOLS.

Only 12.2% of patients were treated with the full FDA-approved discharge and follow-up
protocols, which included discharge medications, standardized follow-up visits, imaging,
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and medication transitions that were defined in the pivotal trials (Supplemental Figure

1). The most common deviations from the FDA-approved protocol were discharge

on antithrombotic medications other than warfarin and aspirin (61.5%) or without
antithrombotic agents (1.8%). Other deviations were far less common, including failure

to perform a TEE within the 45-day + 14-day time window (9.1%), failure to follow-up in
the 45-day time window, and failure to institute clopidogrel and aspirin within the 6-month
time window.

DISCHARGE MEDICATIONS.

Among 31,944 patients who underwent successful LAAO, were enrolled in the NCDR
LAAQ Registry, and were included in our cohort between January 1, 2016 and November
31, 2018, almost all (98.2%) were discharged on an anticoagulant and/or antiplatelet
medication (Table 1). The most common discharge medications were aspirin (67.9%),
warfarin (55.6%), DOAC (36.4%), and P2Y 12 inhibitors (13.2%). The most common
mutually-exclusive discharge medication strategies were warfarin and aspirin (36.9%),
DOAC and aspirin (20.8%), warfarin only (13.5%), DOAC only (12.3%), and DAPT (5.0%)
(Central Illustration).

BASELINE CHARACTERISTICS AND RATES OF ADVERSE EVENTS BY DISCHARGE
MEDICATION STRATEGY.

Although there were statistically-significant differences between patients treated with the 5
mutually exclusive discharge medication regimens, due to the size of the cohort, the absolute
differences were modest except for patients treated with DAPT, who were generally older
and had higher rates of comorbidities, particularly prior bleeding (Table 2).

The unadjusted rate of any adverse event within the 45-day follow-up window was highest
among those treated with warfarin and aspirin (5.7%), followed by DAPT (5.6%), DOAC
and aspirin (5.3%), warfarin (4.0%), and DOAC (3.8%) (Table 3). The rate of any major
adverse event followed a similar pattern and was highest among those discharged on
warfarin and aspirin (4.4%), followed by DOAC and aspirin (4.3%), DAPT (4.3%), warfarin
(3.3%), and DOAC (3.2%). These differences in adverse events were largely driven by
differences in rates of bleeding. There were no significant differences in rates of readmission
or any stroke or TIA. There were no differences in the rate of peridevice leak >5 mm (among
those with a TEE), but DAPT was associated with a significantly higher unadjusted rate

of device-related thrombus (among those with a TEE) compared with the other treatment
groups.

The rate of any adverse event from discharge through the 6-month follow-up window was
highest among those treated with warfarin and aspirin (10.3%), followed by DAPT (9.1%),
DOAC and aspirin (9.1%), warfarin (8.5%), and DOAC (8.3%) (Table 4). The rate of any
major adverse event followed a similar pattern and was highest among those discharged

on warfarin and aspirin (9.78%), followed by DAPT (9.1%), DOAC and aspirin (9.1%),
warfarin (8.5%), and DOAC (8.3%). These differences in adverse events were again largely
accounted for by differences in rates of bleeding. There were no significant differences in
the rates of readmission or any stroke or TIA.
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ADJUSTED RISK OF ADVERSE EVENTS BY DISCHARGE MEDICATION STRATEGY.

In adjusted Cox regression analyses, the risk of any adverse event within the 45-day time
window was statistically significantly lower for warfarin alone (HR: 0.692; 95% CI: 0.569-
0.841) and DOAC alone (HR: 0.731; 95% CI 0.574-0.930) relative to warfarin and aspirin
(Table 5, Central Illustration). There were no differences among the other groups. The
hazard of any major adverse event was significantly lower for those treated with warfarin
alone (HR: 0.658; 95% CI: 0.536-0.808) and DOAC alone (HR: 0.767; 95% CI: 0.597-
0.985) compared with warfarin and aspirin. The risk of any readmission was higher for
those treated with warfarin alone (HR: 1.405; 95% CI: 1.167-1.692) and DOAC alone (HR:
1.275: 95% CI: 1.004-1.617) compared with warfarin and aspirin. There were no significant
differences in the risk of any stroke or TIA, peridevice leak >5 mm (among those with

a TEE), or atrial/device-related thrombus (among those with a TEE) (Table 5 and Central
[lustration).

In adjusted Cox regression analyses, the risk of any adverse event within the 6-month time
window was statistically significantly lower for warfarin alone (HR: 0.814; 95% CI: 0.712—
0.931) compared with warfarin and aspirin; there were no differences among the other
medication groups (Table 6). The risk of any major adverse event were also significantly
lower for those treated with warfarin alone (HR: 0.840: 95% ClI. 0.737-0.958); there were
no differences among the other medication groups. There were no significant differences in
the risk of any readmission or any stroke or TIA.

In sensitivity analyses performed using multivariable logistic regression, the results were
qualitatively extremely similar, with a lower risk for any adverse events and major
adverse events for both warfarin alone and DOAC alone within the 45-day time window
(Supplemental Table 5); warfarin alone remained associated with a lower hazard for any
adverse events and major adverse events within the 6-month time window (Supplemental
Table 6). There were no differences with regards to readmission for any of the groups at
either time point.

DISCUSSION

Our study of post-procedural management for 31,944 patients who underwent successful
implantation of the device with the self-expanding nitinol frame with fixation barbs and a
permeable polyester fabric cover, captured in the LAAO Registry between January 1, 2016
and November 31, 2018, demonstrated substantial deviation from the treatment protocols
used in the pivotal randomized trials. Only 1 in 10 patients undergoing implantation

with this device were treated with the full FDA-approved protocol for post-procedural
pharmacologic therapy and monitoring used in these trials, with discharge on antithrombotic
strategies other than warfarin plus aspirin being the most common deviation. The most
commonly used discharge medication strategies included warfarin and aspirin, which was
studied in pivotal trials, followed by DOAC and aspirin, warfarin only, DOAC only, and
DAPT. The risk of any adverse event and any major adverse event at the first follow-up
visit at 45 days were significantly lower for warfarin alone and DOAC alone compared with
warfarin and aspirin. Warfarin alone remained lower risk for any adverse event or any major
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adverse event through the second follow-up at 6 months. There were no differences between
DAPT and warfarin plus aspirin at either follow-up.

Our study is the first to comprehensively assess post-discharge medication treatment patterns
in contemporary practice and to definitively demonstrate how rarely patients are treated
using the standardized discharge medication protocol delineated in the PROTECT AF and
PREVAIL trials (11,13). Although these trials enrolled AF patients who were candidates for
long-term oral anticoagulation, Centers for Medicare & Medicaid Services reimbursement
mandates that patients are deemed unable to tolerate long-term oral anticoagulation (14).

In fact, 70% of the patients in our study had a history of prior bleeding, and the median
HAS BLED score was 3, which correlates to a 5.8% major bleeding event rate (15,28). As
such, it is not surprising that clinicians did not always discharge patients on the combination
of warfarin and aspirin. In addition, the rapid onset and offset, reliable pharmacokinetics,
and avoidance of laboratory testing with the DOAC medications makes them an attractive
alternative to warfarin, particularly for short-term periprocedural use (16-19). Based on
this, the newest-generation device was evaluated in the single-arm PINNACLE FLX
(Investigational Device Evaluation of the WATCHMAN FLX LAA Closure Technology)
study, with post-procedure treatment with DOAC and aspirin therapy, and the device was
approved by the FDA in 2020 (after the time frame for our study) using this post-procedure
treatment paradigm (25).

Our study demonstrates an association between increased risk of adverse events, particularly
bleeding events, associated with adding aspirin to anticoagulation upon discharge after
LAAO device implantation. This finding parallels results from studies of antithrombotic
agents following transcatheter aortic valve replacement (29). Discharge on warfarin or
DOAC anticoagulation alone was associated with a similar reduction in major adverse events
through the 45-day follow-up window with no increase in ischemic events. Indeed, the
recent 400-person single-arm PINNACLE FLX FDA study of the newest-generation device
demonstrated the relative safety of discharge on DOAC and aspirin (as compared with event
rates from the pivotal trials); accordingly, this regimen was recently approved by the FDA
(30). Although we showed an increased risk of readmission at 45 days with warfarin and
DOAC alone, this finding did not persist at 6 months, and it was not significant at 45 days
or at 6 months in sensitivity analyses using logistic regression. Thus, our data show that
avoiding discharge on aspirin in addition to anticoagulation may offer an opportunity to
substantially improve patient outcomes. As such, a randomized clinical trial that removes
aspirin from the list of recommended post-procedure treatments may be warranted.

Only about 5% of patients in this US-based registry were discharged on DAPT. Although
the unadjusted rates of adverse events of atrial/device related thrombus were higher in

this group, these patients were at extremely high risk of both stroke and bleeding. Indeed,

in the registry, patients receiving a DAPT discharge regimen were older, had the highest
CHA,DS,-VASc and HAS BLED scores, and the highest rates of prior intracranial bleeding
and hemorrhagic strokes. After adjustment for these differences in risk profile, the risk

of adverse events associated with DAPT did not differ significantly through either the
45-day follow-up window or the 6-month follow-up window compared with discharge on
warfarin and aspirin, including no difference in ischemic events or device-related thrombus.
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Discharge treatment with DAPT after implantation of the LAOO device is common outside
of the United States, including in Europe and Canada, but the regimen has only been
evaluated with relatively small studies to date and without randomization against other
antithrombotic regimens (22,31). The results of Amulet IDE (AMPLATZER Amulet LAA
Occluder Trial) were recently reported, comparing the Amulet self-expanding, double-disc
device (Abbott) and discharge treatment with DAPT for most patients versus Watchman and
discharge treatment with warfarin and aspirin for most patient, showing comparable safety
and effectiveness (32); accordingly the self-expanding double-disc device was subsequently
approved in August 2021 for commercial use in the United States with DAPT as a
post-procedure treatment option. Thus, our data provide support that a DAPT discharge
regimen may be an acceptable alternative to the use of anticoagulation and aspirin following
implantation of the LAOQ device with the self-expanding nitinol frame with fixation barbs
and a permeable polyester fabric cover, particularly in patients for whom the risks of-short
term anticoagulants are prohibitively high. However, it is worth noting that there was a trend
toward a higher rate of device-related thrombus at 45 days of follow up (HR: 1.53; £=0.11)
(Table 5) with DAPT.

Finally, this study demonstrates the value of large, national, post-market registries to
systematically evaluate how novel technologies are adopted into real-world clinical practice
and how they may inform shared decision-making and post-procedural management.

LIMITATIONS.

As in any observational cohort study, our findings may reflect some degree of residual
confounding. However, the baseline characteristics between discharge medication groups
were overall very similar except for patients treated with DAPT, who were generally older,
with a higher prevalence of comorbidities, particularly prior bleeding, and lower rates of
ischemic heart and vascular disease for those treated without aspirin. In addition, the LAAO
Registry collects data on most recognized prognostic factors, and our analyses were fully
adjusted for all major clinical risk factors. A randomized trial may be warranted to better
define the risks and benefits of different antithrombotic regimens. Adverse event rates
were captured through site-reported data, and as such, under-reporting of adverse events is
possible. However, the NCDR uses a rigorous Data Quality Reporting process to ensure
that submissions are complete, valid, and accurate. This process involves an annual audit
of a random selection of about 5% of sites, during which submitted data are compared
with source documentation and billing data. In addition, under-reporting is unlikely to vary
differentially as a function of the discharge medication strategy used. Our study compared
adverse event rates by discharge anticoagulation and/or antiplatelet medications, although
the subsequent follow-up medication changes and the timing of those transitions may clearly
have an impact on outcomes. There were many other medication combinations used over
the extended follow-up; however, our approach focused on the most clinically-relevant
combinations of discharge medications. Finally, because of the time frame of this study,

it only includes patients who received the older-generation device, rather than the newest-
generation device, which was commercially released in late 2020 (25). Rates of procedural
success, device-related thrombus, peridevice leakage, and clinical outcomes may differ for
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the new device, which will be evaluated when more data has accrued in the LAAO Registry
on those patients (33-35).

CONCLUSIONS

Our study showed that in real-world contemporary practice, strict adherence to the full FDA-
approved post-procedure protocols studied in pivotal trials, including discharge medications,
standardized follow-up visits, imaging, and medication transitions, was rare, and the most
common deviations were discharge on unstudied antithrombotic regimens. Compared with
the trial-studied regimen of warfarin and aspirin, discharge on anticoagulation without
aspirin was associated with a lower risk of adverse events, particularly bleeding events,
without evidence of increased risk of stroke/TIA or atrial-/device-related thrombus. As
LAAO devices iterate and new devices are approved, ongoing study of post-procedure
antithrombotic therapy will be vital to optimize patient outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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DAPT dual antiplatelet therapy

DOAC direct oral anticoagulant

IQOR interquartile range

LAAO left atrial appendage occlusion
OR odds ratio

TEE transesophageal echocardiogram
TIA transient ischemic attack
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PERSPECTIVES
COMPETENCY IN PATIENT CARE AND PROCEDURAL SKILLS:

In a registry of patients with atrial fibrillation (AF) undergoing left atrial appendage
occlusion (LAAO) with the device with the self-expanding nitinol frame with fixation
barbs and a permeable polyester fabric cover, post-procedural anticoagulation with
warfarin or a target-specific oral agent (DOAC) without concomitant aspirin was
associated with lower risk of adverse outcomes.

TRANSLATIONAL OUTLOOK:

Further research is necessary to establish the optimum type and duration of
antithrombotic therapy in relation to patient, device, and procedural characteristics for
patients with AF undergoing LAAO for stroke prevention.
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Procedures assessed for eligibility
(n=58,782)

Excluded:

Discharge date not
between January 2016 and
November 2018 (n=23,640)

A 4

Remaining Procedures

(n=35,142)
»| Excluded:
v Age <18 (n=0)
Remaining Procedures
(n=35,142)
Excluded:

Missing "WATCHMAN"
device (n=347)

A 4

Remaining Procedures
(n=34,795)

Excluded:
In-hospital deaths (n=64)

\4

A 4

Remaining Procedures
(n=34,731)

Excluded:
Discharged with Aggrenox,
v Vorapaxar, Durlaza (n=139)

A\ 4

Remaining Procedures
(n=34,592)

Excluded:
» Device not deployed or
released (n=2,598)

A 4

Study Cohort (n=31,994)

Central Illustration. Post-procedure Antithrombotic Strategies and Associated Odds of Adverse
Outcomes.

Among 31,944 patients in the NCDR LAAO Registry who underwent implantation

with the LAOO device with the self-expanding nitinol frame with fixation barbs and a
permeable polyester fabric cover between 2016 and 2018, the most common post-procedure
antithrombotic strategies were warfarin plus aspirin, DOAC plus aspirin, warfarin alone,
DOAC alone, and DAPT. Warfarin and DOAC alone without aspirin were associated with a
lower risk of any adverse event compared with warfarin and aspirin, largely driven by lower
risk of bleeding. There were no differences in the risk of ischemic stroke/transient ischemic
attack or device related thrombus between the groups.

ASA = aspirin; DAPT = dual antiplatelet therapy; DOAC = direct oral anticoagulant.
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NCDR LAAO Registry: 31,994 Patients with Watchman Implants

Most Common Discharge Antithrombotic Strategies Any Adverse Event HazardRatio 95%C.J. P Value

» Only 12.2% received FDA-approved post-implant regimen

Warfarin i 0.69 0.57 -0.84 <0.001

DOAC + Aspirin g 1.00 0.83-1.21 0.96

Other
DAPT 11% Warfarin+ASA DOAC —. 0.73 0.57 - 0.93 0.011
N 37% -
5% P2Y12 + Aspirin —— 1.04 0.79-1.38 0.76
DOAC
12% " 1
0.1 1 10

‘ «€— Favors Other Regimen Favors Warfarin + ASA =——>

Stroke or TIA Device Thrombus

Warfarin = =
DOAC+ASA — DOAC + Aspirin — ——
21% Warfarin
14% DOAC -
= Warfarin+ASA Warfarin P2Y12 + Aspirin —r— L e —
® DOAC+ASA DOAC
I 1 r 1
n DAPT u Other % i 4 b 5 55

Hazard Ratio and 95% Cl Hazard Ratio and 95% CI

Figure 1. Cohort Assembly Diagram.
A total of 35,142 LAAO patients who underwent implantation of the LAAQO device with the

self-expanding nitinol frame with fixation barbs and a permeable polyester fabric cover were
enrolled in the NCDR LAAO Registry between January 1, 2016 and November 31, 2018.
After applying exclusions, 31,994 patients remained in the cohort.

LAAO = left atrial appendage occlusion; NCDR = National Cardiovascular Data Registry
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Discharge Medications Among 31,994 Patients in the LAAO Registry Between January 2016 and November

2018.
Discharge Medications (Not Mutually Exclusive) Number (%)
Aspirin 21,714 (67.87)
Warfarin 17,774  (55.55)
DOAC ™ 11,658  (36.44)
P2Y12 inhibitor” 4229 (13.22)
Bridging anticoagulant therapy* 335 (1.05)
None of anticoagulation or antiplatelet therapy or P2Y12 or bridging 583 (1.82)
Most Common Discharge Medication Strategies (Mutually-Exclusive Groupings)
Warfarin and aspirin 11,811 (36.92)
Warfarin only 4,330 (13.53)
DOAC and aspirin 6,649 (20.78)
DOAC only 3,048 (12.34)
DAPT (aspirin and P2Y12 inhibitor) 1,614 (5.04)
Other 3,642 (11.38)

*
Includes apixaban, dabigatran, rivaroxaban or edoxaban

fP2Y12 inhibitor includes clopidogrel, prasugrel, ticlopidine, ticagrelor

11‘Bridging anticoagulation therapy includes unfractionated heparin, fondaparinux, low molecular weight heparin, heparin derivatives

DAPT = dual antiplatelet therapy; DOAC = direct oral anticoagulant; LAOO = left atrial appendage occlusion
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