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Abstract

Background: Left atrial appendage occlusion (LAAO) to prevent stroke in patients with atrial
fibrillation has been evaluated in 2 randomized trials; post-approval clinical data are limited.

Objectives: To describe the NCDR LAAO Registry and present patient, hospital and physician
characteristics and in-hospital adverse event rates for Watchman procedures in the United States
during its first 3 years.

Methods: We described the LAAO Registry structure and governance, the outcome adjudication
processes, and the data quality and collection processes. We characterize the patient population,
performing hospitals, and in-hospital adverse event rates.
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Results: A total of 38,158 procedures from 495 hospitals performed by 1,318 physicians in the
United States were included between January 2016 and December 2018. The mean patient age
was 76.1+8.1 years, the mean CHA,DS»-VASC score was 4.6+1.5, and the mean HAS-BLED
score was 3.0+1.1. The median annual number of LAAQ procedures performed for hospitals was
30 (interquartile [IQR] range 26) and for physicians was 12 (IQR 12). Procedures were cancelled
or aborted in 7% of cases; among cases in which a device was deployed, 98.1% were implanted
with <5 mm leak. Major in-hospital adverse events occurred in 2.16% of patients; the most
common complications were pericardial effusion requiring intervention (1.39%) and major
bleeding (1.25%), while stroke (0.17%) and death (0.19%) were rare.

Conclusions: The LAAQ Registry has enrolled >38,000 patients implanted with the device.
Patients who were generally older with more comorbidities than those enrolled in the pivotal trials;
however, major in-hospital adverse event rates were lower than reported in those trials.

Condensed Abstract:

The LAAO Registry includes 38,158 Watchman implants, from 495 hospitals and 1,318 physicians
in the United States in the first 3 years. Patients were older (mean 76.1 years) and had a higher
mean CHA,DS,-VASC score (4.6) and HAS-BLED score (3) than the populations in previous
trials and registries. The median annual number of LAAQO procedures performed annually for
hospitals was 28 and for physicians was 12 with wide variation. Major in-hospital adverse events
occurred in 2.16% of patients; the most common complications were pericardial effusion requiring
intervention (1.39%) and major bleeding (1.25%), while stroke (0.17%) and death (0.19%) were
rare.
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Introduction

Atrial fibrillation (AF) confers a 4-to-5-fold increased risk for ischemic stroke and accounts
for approximately 15% of ischemic strokes in the United States each year (1-5). Longterm
anticoagulation with warfarin or direct oral anticoagulants is the standard of care for stroke
prevention for individuals with nonvalvular AF and a moderate or high stroke risk (6-11).
LAAO lowers the risk of stroke by excluding the LAA from the systemic circulation and
preventing thrombus formation and embolization;(12-18) it has emerged as a treatment
option for AF patients at moderate to high risk of stroke who are poor candidates for long
term anticoagulation (19). After two pivotal randomized trials with accompanying continued
access protocol data, the Watchman LAAO device (Boston Scientific, Natick,
Massachusetts) was approved by the U.S. Food and Drug Administration (FDA) in March
2015 for stroke prevention in AF.(20-23) Several other percutaneous LAAO devices are
currently being developed and evaluated in clinical trials.(24,25) To better understand the
utilization, safety and effectiveness of LAAO devices in “real world” clinical practice, the
American College of Cardiology (ACC) and the Society for Coronary Angiography and
Intervention (SCAI) collaborated with the FDA, the Centers for Medicare and Medicaid
Services (CMS), and Boston Scientific to develop the National Cardiovascular Data Registry
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(NCDR) Left Atrial Appendage Occlusion Registry (LAAO Registry). In this paper, we
present the patient, hospital, and physician characteristics as well as in-hospital adverse
event rates for percutaneous LAAQO procedures performed in the United States during the
first 3 years of the LAAO Registry.

LAAO Registry Development and Structure

Registry Development—In anticipation of the expected FDA approval of the Watchman
device, the NCDR considered developing a LAAO Registry in mid-2014, recognizing that
comprehensive post-approval data collection and analysis would be essential for this
potentially transformative new therapeutic modality. A team including cardiac
electrophysiologists, interventional cardiologists with structural expertise, and registry
experts was convened to develop a preliminary data collection form, which was presented
for public comment during the summer of 2014. A multi-stakeholder team, including
NCDR, the Society of Cardiovascular Angiography and Interventions (SCAI), FDA, CMS,
and Boston Scientific refined the registry design.

The device was approved in March 2015,(26) and the LAAO Registry launched in late
December 2015. CMS released a national coverage determination for patients undergoing
percutaneous LAAO for non-valvular atrial fibrillation in February 2016, predicating
reimbursement upon enrollment of patients in a prospective, national, audited registry with
follow-up for at least four years following implantation.(27) With the guidance of the multi-
stakeholder team and the support of FDA, CMS, and Boston Scientific Corporation, the
LAAO Registry was designed to function as the formal post-market surveillance vehicle
(Watchman New Enrollment PoST Approval Surveillance Analysis Plan [NESTed SAP])
required by FDA for the device, and it is currently the only registry approved by CMS to
satisfy the coverage decision data submission requirements. Starting on April 1, 2016 U.S.
hospitals were required to submit data for all Watchman procedures into the LAAO Registry
in order to qualify for Medicare reimbursement (Supplemental Table 1). Hospitals are
encouraged to submit data on all device recipients regardless of insurance status. While data
are currently not available regarding whether this recommendation is universally followed,
90% of hospitals participating in the NCDR ICD Registry reported all procedures regardless
of payer with a similar coverage with evidence requirement (28). Inclusion of patients
undergoing LAAO with other devices not FDA approved for this indication is not required
by any regulatory agency; however, these procedures are performed substantially less
frequently in the US. As a result of the multi-stakeholder engagement process, the registry
serves multiple purposes, including measurement of real-world quality of care for enrolling
hospitals, fulfillment of FDA-mandated requirements, compliance with the CMS
reimbursement mandate, and the creation of a unique data resource for ongoing clinical
research.

Algorithmic Adjudication—The LAAO Registry developed and validated a novel
process that is used to adjudicate adverse clinical events in follow-up based on that
developed by the Society of Thoracic Surgeons/American College of Cardiology
Transcatheter Valve Therapy Registry (STS/ACC TVT Registry™). Clinical trials and
manufacturer-sponsored post-approval studies employ informed consent and centralized
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adjudication of events using a clinical events committee (CEC) model, while registries
typically ask sites to assign outcomes locally without confirmation. The CEC process is
systematic and accurate, but labor intensive and costly; comparatively, unadjudicated site-
reporting of outcomes is less expensive but lacks standardization and is less accurate.
Adjudicated adverse events include ischemic stroke, hemorrhagic stroke, undetermined
stroke, TIA, intracranial hemorrhage, systemic embolism, major bleeding, and major
vascular complication (Supplemental Table 2). A computer-based algorithm uses discrete
combinations of registry data elements based on standard event definitions delineated by
registry leadership and expert consultants to adjudicate adverse events. The automatic
adjudicated process has been validated against formal CEC adjudication over the first two
years of the registry. In cases where registry data elements are not adequately complete or
conflicting, manual adjudication is used. The methods for the development of algorithmic
adjudication in the LAAQO Registry, and the results of the validation study evaluating the
performance of the algorithmic adjudication processes compared with formal CEC
adjudication will be presented in greater detail separately.

Governance of the NCDR LAAO Registry—The LAAO Registry Steering Committee
oversees the development and revision of the data collection instruments, the adverse event
adjudication system, and scientific research and publication procedures. As with all NCDR
programs, a Research and Publications (R&P) Subcommittee, which reports to the Steering
Committee, reviews research proposal applications for NCDR-funded research, abstracts,
posters, and manuscripts prior to public presentation or publication. Proposals for NCDR-
funded research using data from the LAAO Registry are reviewed for feasibility, scientific
merit, and priority. The R&P Subcommittee also reviews abstracts, posters, and manuscripts
resulting from industry and grant-funded research.

Data Collection, Data Quality and Feedback Reports—The LAAO Registry collects
approximately 220 data elements from the implant hospitalization, 60 for each follow-up
visit, and 15 data elements to support the adjudication of adverse events. A link to the full
data collection forms for the index hospitalization and all follow-up visits is publicly
available (https://cvquality.acc.org/docs/default-source/ncdr/datacollection/laao_vi1-
2_datacollectionform_2_2019.pdf?sfvrsn=70a181bf_2). Data include patient, provider and
facility characteristics; procedure indications; pre-, intra-, and post-procedure medical and
interventional details including LAA size, devices used, reasons for aborting or cancelling a
procedure, residual leak size and imaging guidance methods used; and adverse event rates
during the index procedure hospitalization. Data are collected at mandated follow-up visits
at 45 days, 6 months, 1 year, and 2 years, including but not limited to stroke, intracranial
hemorrhage, systemic embolism, major bleeding, major vascular complications, and death.
Neurological assessment is performed at each follow-up visit and the Modified Rankin Scale
is reported. At each of these follow-up visits, it is also reported if echocardiography,
computed tomography, and magnetic resonance imaging has been performed and whether
this demonstrates atrial thrombus or device margin residual leak. Adherence to mandated
follow-up visits is reported as a process measure for each site. Linkage to Medicare
administrative data will be performed to allow for ascertainment of adverse events in years 3
and 4 after implantation; for the minority of patients not billed through Medicare/Medicaid,
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adverse event rates cannot currently be captured through the LAAO Registry during years 3—
4 of follow-up.

The NCDR utilizes a rigorous Data Quality Reporting (DQR) process to ensure that
submissions are complete, valid, and accurate. An annual audit, in which submitted data are
compared with source documentation and billing data to capture under-reported or mis-
reported data. This audit process is conducted annually at randomly selected sites and
included 20 sites during the last audit (approximately 5% of sites) with a 93.3% agreement
rate between registry-reported data compared with source document review and 100%
agreement between billing compared with registry-reported data.(29). The audit process
includes feedback to participants and is a mechanism for the registry leadership to identify
gaps in data collection and reporting that may be generalizable across sites.

Quality improvement reports are sent quarterly to sites enrolling in the LAAO Registry and
include hospital enrollment volume, process measures, and outcomes data benchmarked
against similar volume hospitals and national aggregates. Real-time feedback on measure
performance is accessible to the hospital via the online registry dashboard. Thus, the registry
serves an important role in quality improvement for participating hospitals.

Periodic Registry Updates—As with the other registry programs in the NCDR’s
portfolio, the LAAO Registry will undergo periodic updates to the data collection form and
processes, generally incorporating greater detail or improved clarity of existing data
elements and adding new data elements when required by changes in clinical practice. The
data collection form has been updated twice to date in July 2017 and October 2018.

Analytic Methods

Analyses for this manuscript were conducted using SAS, version 9.4 (Cary, N.C.).
Cumulative numbers of patients enrolled, implanting physicians and implanting hospitals
were calculated and plotted online graphs. Patient and hospital characteristics were
compared using Pearson Chi Square or Wilcoxon rank-sum test as appropriate and reported
as mean and standard deviation (SD), median and interquartile range (IQR), or number and
percent with associated P values. We categorized participants as follows: 1) All procedures
2) successful procedures, 3) aborted procedures, and 4) cancelled procedures. Aborted
procedures are defined as those in which venous access was performed, but in which a
device was not ultimately deployed. A deployed device was defined as one that has been
unsheathed and placed in the LAA but remains connected to a delivery catheter and can be
re-sheathed and removed, while an implanted device was defined as one in which the device
has been released from the delivery catheter and left in place in the LAA. Cancelled
procedures were defined as those which were stopped prior to obtaining venous access.

We stratified participants by categories of CHA;DS,-VASC score and HAS-BLED scores.
(30,31) Hospital and physician annual procedure volume were calculated (excluding cases
that were cancelled but including cases that were started but aborted) and was divided into
subgroups of volume and graphed in bar charts. Finally, we compared the number and
percent of patients with major in-hospital adverse events overall and among those with a
successful, aborted, or cancelled implant procedure.
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Results

Patient Characteristics

Between January 1, 2016 and December 31, 2018, data were collected for 38,158 Watchman
procedures performed by 1,318 physicians in 495 hospitals in the United States (Figures 1A
and 1B). Table 1 shows the sociodemographic characteristics and insurance status of the
patients enrolled over this period. The mean age was 76.1 + 8.1 years, 58.9% of the cohort
was male, and most were white (92.6%). Minority representation was low relative to the
national population, but the absolute numbers of non-white patients were much larger than
in prior U.S. trial and registry populations (n=1768 [4.6%] for black patients and n=621 for
Asian patients [1.6%]). CMS beneficiaries accounted for 86.9% of patients in the overall
cohort.

Table 2 shows the medical history of the patients enrolled in the first 3 years of the LAAO
Registry. Patients had a mean CHA,DS,-VASC score of 4.6+1.5 (Figure 3A) and a mean
HAS-BLED score of 3 +1.1 (Figure 3B). A prior history of stroke was common (27.3%),
and most (69.3%) had a history of prior bleeding. Among those with prior bleeding, the
most common source was gastrointestinal (41.8%), followed by intracranial (11.9%) and
epistaxis (6.4%). About half of patients had paroxysmal AF (51.9%), 30.7% had persistent
or long-standing persistent AF, and 16.9% had permanent AF. Data were missing for <1% of
patients for variables reported in Tables 1 and 2.

Table 3 shows selected patient characteristics for patients enrolled in the LAAO Registry
compared with patients enrolled in the PROTECT AF randomized trial and the
EWOLUTION Registry. Patients in the LAAO Registry were substantially older (76.1+8.1)
and had higher CHA,DS,- VASC scores (4.6+1.5), HAS BLED scores (3£1.1), and rates of
clinically relevant bleeding (69.4%).

Hospital and Operator Characteristics

Table 4 shows the characteristics of the hospitals enrolling in the LAAO Registry. Most
patients were enrolled in the South region (37.6%), followed by the West (22.7%), the
Midwest (22.2%) and the Northeast (17.4%). Most hospitals were in urban areas (65.8%),
were private or community hospitals (77.4%), and were teaching hospitals (64.7%).
Enrolling hospitals were generally moderate to large with a median number of 504 beds. The
median number of procedures performed annually for hospitals was 30 (interquartile range
[IQR] 26) with most performing <40 procedures annually, although there was considerable
variation in volume (Figure 4). Among physicians, the median number of LAAO procedures
performed annually was 12 (IQR 12) with most performing <20 procedures annually,
although there was considerable variation in annual volume (Figure 5).

Procedural Characteristics

A device was deployed in 92.8% of cases (n=35,417). Procedures were cancelled prior to
obtaining central venous access in 1,140 (3%), and procedures were aborted with at least
venous access obtained but without deploying a device in 1,601 (4.2%). Among procedures
in which a device was deployed, 98.3% were successfully implanted. This implant success
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rate was substantially higher than in the PROTECT AF and PREVAIL trials and the
Continued Access Protocol registries but comparable to the more contemporary
EWOLUTION registry (Figure 2). Among devices that were implanted, only 70 (0.2%) had
a residual leak 25 mm.

Those who had a successful implant procedure were younger than those patients whose
cases were cancelled or aborted (Table 1). Those who had their procedure cancelled were
generally more ill and were more likely to have a history of cardiomyopathy, congestive
heart failure, stroke, TIA, and to be taking antiplatelet agents; they were less likely to be
taking nonsteroidal anti-inflammatory drugs (Table 2). While other differences were
statistically significant due to the large sample size, the absolute differences were relatively
modest.

Left atrial appendage or atrial thrombus was detected on the day of the procedure in 2.25%
of patients in our overall cohort, 0.75% of those with successful implants, 2.25% of those
with aborted procedures, and 48.8% of those with procedures cancelled prior to vascular
access.

In-hospital Outcomes

Table 5 shows major in-hospital adverse events for the patients enrolled in the first 3 years of
the LAAO Registry. Overall, death (0.19%) and cardiac arrest (0.24%) were uncommon.
The most common major adverse events were pericardial effusion requiring intervention
(1.39%) and major bleeding (1.25%), which were significantly more common among those
whose procedure was aborted (8.0% pericardial effusion requiring intervention and 4.25%
major bleeding). Ischemic stroke occurred in 0.12% of patients and transient ischemic attack
occurred in 0.04% of patients overall and were more common among those whose
procedures were aborted (0.37 and 0.06, respectively). All other forms of stroke or
intracranial hemorrhage occurred rarely. Device embolization occurred in 0.07% of the
overall cohort and in 0.87% of those whose procedures were aborted.

Among patients for whom a procedure was aborted, the rates of major in-hospital adverse
events were substantially higher than in the overall cohort (death 0.6%, cardiac arrest 1.37%,
ischemic stroke 0.37%, major bleeding 4.25%, pericardial effusion requiring intervention
8%, device embolization 0.87%); adverse event rates were also higher among patients in
whom the procedure was cancelled (death 0.26%, cardiac arrest 0.44%, major bleeding
1.14%, pericardial effusion 1.49%, device embolization 0%).

Discussion

The LAAO Registry is a national program developed by the American College of
Cardiology (ACC) in partnership with SCAI, FDA, CMS, and Boston Scientific. Over the
first 3 years of the program, there has been robust growth in LAAO procedures, with over
38,000 performed at almost 500 hospitals and a median annual volume of 30 cases per
hospital (Central Illustration). Individuals undergoing LAAQO have substantially higher
baseline thromboembolic and bleeding risk compared with those enrolled in the randomized
clinical trials that led to regulatory approval. Finally, device implant success rates were
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higher than in the pivotal trial while rates of in-hospital major adverse events were lower.
The LAAO Registry is the largest study of real-world LAAO procedures worldwide to date
and will be an important data source to monitor LAAO safety and efficacy across a broad
range of patient subgroups.

Prior studies have been informative but were limited to highly selected populations. The
PROTECT-AF (Percutaneous Closure of the Left Atrial Appendage Versus Warfarin
Therapy for Prevention of Stroke in Patients With Atrial Fibrillation, N=707) and PREVAIL
(Prospective Randomized Evaluation of the Watchman LAA Closure Device In Patients with
Atrial Fibrillation, N=407) pivotal trials were relatively small and designed as Bayesian non-
inferiority trials comparing the device to warfarin anticoagulation in patients eligible for
both over the long-term. In addition to the NCDR LAAO registry, prospective, observational
studies of the device thus far include the CAP (Continued Access to PROTECT, N=566),
CAP-2 (Continued Access to PREVAIL, N=579)(32), WASP (Left Atrial Appendage
Closure with Watchman in Asian Patients)(33) and EWOLUTION (Registry on Watchman
Outcomes in Real-Life Utilization, N=1025) (34) and a U.S. post-approval study (N=3,822)
(35), which are modest in size, industry-funded, limited with regards to baseline data
collection, and limited with regards to follow-up.

These data from the LAAO Registry demonstrate that patients undergoing commercial
Watchman LAA closure in the United States are older and are at higher thromboembolic and
bleeding risk than individuals participating in the pivotal trials and most earlier registries,
with a mean CHA,DS,-VASC score of 4.6 and a mean HAS-BLED score of 3
(20,21,34,36). Most patients in the LAAO Registry had relative or absolute contraindications
to long-term anticoagulation, including a 69% rate of prior bleeding and a 12% rate of
intracranial bleeding. In comparison, only 13.3% of the patients enrolled in the PROTECT-
AF and PREVAIL randomized clinical trials had a prior bleeding event.(20,21) These
observed differences in patient characteristics likely arise from the differences between the
inclusion criteria of the pivotal trials that led to FDA approval of the device and the
requirements for CMS reimbursement. While the pivotal trials enrolled patients with
CHA,DS,-VVASC score of 1 or more who were candidates for long-term oral
anticoagulation, CMS reimbursement requires patients with CHA,DS,-VASC score = 3 who
are suitable for short-term oral anticoagulation but deemed unable to take long-term oral
anticoagulation. The LAAO Registry will provide an assessment of outcomes in this
population that is markedly different than the trial populations overall and is also large
enough to permit the study of important sub-groups, including women and under-
represented populations that have not been studied extensively to date.

We found that a device was deployed in 93% of procedures attempted in the LAAQO Registry,
with 3% cancelled prior to obtaining venous access and 4% aborted after obtaining venous
access but before deploying a device. The rate of cancelled and aborted procedures has not
been previously reported among trials and registries; it is important to note that they were
not uncommon outcomes in our study. Among procedures in which a device was deployed,
98.3% were implanted. Among devices that were implanted, only 70 (0.2%) had a residual
leak =5 mm.
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In PROTECT AF, a device was successfully implanted in 88% (408/463) of patients
assigned to LAAO intervention and in 90.9% (408/449) of those in whom implantation was
attempted (Figure 2).(20) In PREVAIL, implantation was performed in 95.1% of those in
whom it was attempted suggesting improvement in procedural technique and operator
experience overall.(21) In the EWOLUTION Registry a device was successfully deployed in
98.5% of patients, and 0.7% had a residual leak >5mm (20,21,34,36), which is comparable
to our findings. The Munich consensus document on definitions, endpoints, and data
collection requirements for LAAO clinical studies defined technical success as exclusion of
the LAA, no device-related complications, and no leak >5 mm on color Doppler TEE.
Procedural success was defined as technical success and no procedure-related complications,
except for uncomplicated (minor) device embolization.(37) Because the reported success
rates from the prior trials and registries used varying definitions and may not conform
exactly to the Munich consensus definitions, we reported essentially all the separate
elements of procedure technical success as defined by the Munich document to allow
comparison with prior data. Our results show that implantation success rates in
contemporary practice are higher than in the PROTECT AF trial, the PREVAIL trial and the
Continued Access Protocol registries and comparable to the more recent EWOLUTION
registry, reflecting possible improvement in patient selection, procedural protocols and
operator technique over time.

We found that the median hospital annual procedure volume was moderate at 30, with most
sites performing <40 procedures annually, but there was substantial variation and a
substantial minority of sites performed relatively few procedures each year. The median
physician annual procedure volume was lower at 12, with similarly wide variation. The
extent to which procedural volume relates to outcomes in contemporary practice is unclear;
early Watchman data outside the LAAO Registry has suggested a “learning curve” with
lower complications with greater accumulated procedural volume (38). The LAAO Registry
is accruing adverse events in follow-up out to 4 years which will allow for detailed
investigation of the relationship between hospital or physician volume and outcomes in
contemporary practice.

The pivotal Watchman trials reported 7-day procedure related adverse events while the
LAAO Registry collects adverse events during the index hospitalization and some procedure
related adverse events may not be captured until the 45 days follow-up time point. However,
most major procedure-related adverse events occur acutely and will be detected during the
index hospitalization, and event rates are broadly comparable to the 7-day event rates
reported in the trials. We found that rates of in-hospital major adverse events were
substantially lower than the 7- day procedure-related adverse events reported in the
PROTECT AF trial (pericardial effusion requiring surgery or pericardiocentesis 4%, major
bleeding 3.5%, procedure-related stroke 1.1%, device embolization 0.4%).(20) The rates of
7-day procedure related adverse events in PREVAIL were generally substantially lower than
PROTECT AF, but still higher than those in the LAAO Registry (pericardial effusion
requiring surgery or pericardiocentesis 1.9%, procedure-related stroke 0.7%, device
embolization 0.7%). In EWOLUTION, the rate of 7-day procedure related adverse events
was 2.8%. The 1-day procedure related adverse event rates reported in EWOLUTION were
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lower than the in-hospital adverse event rates we report from the LAAQO Registry (major
bleeding 0.7%, pericardial effusion 0.5%, device embolization 0.2%)

In-hospital major adverse events were more common among the 4% of patients for whom
procedures were aborted or cancelled, which may explain why procedures were stopped in
many cases. The group of patients who had cancelled procedures should include only those
in whom the procedure was stopped prior to vascular access, but the rate of pericardial
effusion was substantial suggesting that some of these were misclassified as cancelled rather
than aborted. Nonetheless, the rates of adverse events were generally lower among those
with cancelled procedures compared with those who had aborted case. Approximately half
of those who had cancelled procedures had atrial thrombus detected on the day of the
procedure, suggesting that this was a common cause for procedure cancellation.

The LAAO Registry will include active follow-up at 45 days, 6 months, 1 year, and 2 years
and linkage to Medicare data to capture adverse events that occur during follow-up years 3
and 4 after implant. No other registries or large-scale observational studies include follow-up
of this extent. The program has developed a computer-based algorithmic adjudication
process to accurately categorize adverse events reported by sites to the registry. Given the
relative size of the pivotal trials and the protracted FDA approval process of the device,
questions remain regarding outcomes after LAAO procedures in contemporary practice. The
LAAO Registry is potentially well-positioned to address many key issues. The registry
includes a dedicated leadership team including staff at the ACC NCDR and a Steering
Committee that continue to revise the data collection and reporting, so that the LAAO
Registry is an evolving and iterative study capable of addressing the most pressing
knowledge gaps.

Other percutaneous LAAO devices are being developed and evaluated in clinical trials
within the U.S., including the LARIAT device (SentreHeart; Redwood City, California;
clinicaltrials.gov identifier NCT02513797), the Amulet device (St. Jude Medical; Saint Paul,
Minnesota; NCT02879448), the WaveCrest device (Biosense Webster, Diamond Bar,
California; NCT03302494), and the next-generation Watchman FLX (Boston Scientific,
Marlborough, Massachusetts; NCT02702271). If these devices are approved by the FDA, the
LAAQ Registry will be well-poised to evaluate the adoption, safety and effectiveness of
these newer devices over time. Indeed, the registry has been designed to include any
percutaneous device used to achieve left atrial appendage closure.

The LAAO Registry and the multi-stakeholder collaboration between professional societies,
FDA, CMS, and industry represent an approach to that is likely to be increasingly employed
in the United States. Success of the program will demonstrate that with a shared vision, a
single registry model can be constructed to meet the needs of FDA, CMS and other
healthcare payors, industry, quality/value experts, stakeholder societies and health outcomes
researchers.

The LAAO Registry relies on site-reported data, which may result in over- or underreporting
of patient, physician or hospital data. As detailed above, unlike most registries, the NCDR
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program includes annual audits of site data collection; a novel and validated automatic event
adjudication process to ensure data quality; and will include linkages to CMS claims data,
which will reduce under-reporting bias for longer-term events.

Conclusions

The LAAO Registry is the largest registry of patients undergoing percutaneous LAAO
procedures in the world. Hospital and physician procedural volumes vary substantially. To
date, the 38,000 patients that have been enrolled in the LAAO Registry are at higher risk of
both stroke and bleeding than those who participated in the clinical trials that led to FDA
approval of the Watchman device. However, despite this more complex patient population,
implant success rates in contemporary practice were higher and in-hospital major adverse
event rates were lower compared with those reported in the pivotal randomized trials. The
LAAO Registry will serve an important role in quality improvement for participating
hospitals with real-time performance measure data available and quality improvement
reports sent quarterly. Data collection, site reporting, and scientific inquiry will continue to
iterate and evolve to address the questions and concerns of patients, hospitals, physicians,
regulators, and the scientific community.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVES
Competency in Systems-Based Practice:

In over 38,000 procedures captured during 3 years by the U.S. NCDR registry, patients
with atrial fibrillation (AF) undergoing transcatheter left atrial appendage occlusion
(LAAO) had a mean age 76.1 years with mean CHA,DS,-VASC score of 4.6 and mean
HAS-BLED score of 3), all substantially higher than in previous trials and observational
registries. Major in-hospital adverse events were less frequent than reported in pivotal
trials, and stroke (0.17%) and death (0.19%) were rare.

Translational Outlook:

Future research should clarify the selection criteria for patients best suited to LAAQO as
opposed to treatment with target-specific oral anticoagulants (NOACS).
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Figure 1.

1duosnuely Joyiny

Procedure Volume (A), Implanting Physicians, and Implanting Hospitals (B) in the NCDR
LAAO Registry. Between January 1, 2016 and December 31, 2018, data were collected for
38,158 left atrial appendage implant procedures performed by 1,318 physicians in 495
hospitals in the United States. NCDR= National Cardiovascular Data Registry, LAAO= Left
Atrial Appendage Occlusion
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Figure 2.
Implant success rates in the pivotal trials and registries compared with the LAAO Registry.

Among procedures in the NCDR LAAO Registry in the first three years in which a device
was deployed, 98.3% were successfully implanted, which was higher than in the pivotal
trials and consistent with the more recent EWOLUTION Registry. LAAO= Left Atrial
Appendage Occlusion.

JAm Coll Cardiol. Author manuscript; available in PMC 2021 April 07.



Page 19

Freeman et al.

e=@==Cumulative Number of Physicians
==@==Cumulative Number of Hospitals

90.9%
PROTECT-AF

1400
1200
1000

800

600

810ZD3a
8TOZ'AON
810Z'100
810Z'd3S
810Z'ONY
8Toz INf
8TOZ'NNT
8TOZ'AVIN
8T0Z'4dV
8TOZYYIN
8102934
8TOZ'NVr
£LT0ZD30a
LTOZ'AON
£10Z'100
LT0Z'd3S
L10Z'9NY
LT0Z'AINTM
LTO0Z'NNS
LTOZ'AYN
LT0T'4dV
LTOZYYIN
L10Z'834
LTOZ'NVI
910ZD3a
9T0Z‘AON
910Z'100
910Z'd3s
910Z'ONY
gtz Inr
9T0Z'NNT
9T0Z'AVIN
9T0Z'¥dVY
9T0Z YV
910Z'd34
9T0Z'NVI

400
200
0

98.3%

98.5%
EWOLUTION

94.8%

95.1%
PREVAIL

94.4%

100
90
80
70
60

50

30

LAAO

CAP2

CAP
Figure 3.

20
10
0

JAm Coll Cardiol. Author manuscript; available in PMC 2021 April 07.

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Freeman et al.

Page 20

Distribution of CHA;DS,-VASC (A) and HAS-BLED (B) Scores Among Patients Enrolled
in the LAAQ Registry between January 1, 2016 to December 31, 2018. Patients had a high
risk of stroke and thromboembolism with a mean CHA,DS,-VASC score of 4.6+1.5 and a
high risk of bleeding events with a mean HAS-BLED score of 3 £1.1. LAAO= Left Atrial
Appendage Occlusion.
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Figure 4.
Distribution of Hospital Annual Procedure Volume among 495 Participating Hospitals in the

LAAO Registry between January 1, 2016 to December 31, 2018. The figure shows the
number of hospitals in each annual volume category. The median number of LAAO
procedures performed annually among enrolling hospitals was 30 (interquartile range [IQR]
26) with most hospitals performing <40 procedures annually, although there was
considerable variation in annual volume. LAAO= Left Atrial Appendage Occlusion.

JAm Coll Cardiol. Author manuscript; available in PMC 2021 April 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Freeman et al.

35

30

25

20

15

10

wu

Page 22

0 1 2 3 q 5 6 7

HAS-BLED risk scores

Figure 5.
Distribution of Physician Annual Procedure Volume among 1147 Physicians in the LAAO

Registry between January 1, 2016 to December 31, 2018. The figure shows the number of
physicians in each annual volume category. Among implanting physicians, the median
number of LAAO procedures performed annually was 12 (IQR 12) with most physicians
performing <20 procedures annually, although there was considerable variation. LAAO=
Left Atrial Appendage Occlusion.
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Central Illustration. Procedure Volume, Implanting Physicians, Implanting Hospitals, and
Major In-hospital Adverse Events.

Between January 1, 2016 and December 31, 2018 in the NCDR LAAO Registry, data were
collected for 38,158 left atrial appendage implant procedures performed by 1,318 physicians
in 495 hospitals in the United States. NCDR= National Cardiovascular Data Registry,
LAAOQO= Left Atrial Appendage Occlusion
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