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Abstract

Objective: To determine trends in real-world utilization and in-hospital adverse events from Watchman implantation since its

approval by the Food and Drug Administration in 2015. Background: The risk of embolic stroke caused by atrial fibrillation is

reduced by oral anticoagulants, but not all patients can tolerate long-term anticoagulation. Left atrial appendage occlusion with

the Watchman device has emerged as an alternative therapy. Methods: This was a retrospective cohort study utilizing data from

National Inpatient Sample for calendar years 2015-2017. The outcomes assessed in this study were associated complications, in-

hospital mortality, and resource utilization trends after Watchman implantation. Trends analysis were performed using analysis

of variance. Multivariable adjusted logistic regression analysis was performed to determine predictors of mortality. Results: A

total of 17,700 patients underwent Watchman implantation during the study period. There was a significantly increased trend

in the number of Watchman procedures performed over the study years (from 1,195 in 2015 to 11,165 devices in 2017, p < 0.01).

A significant decline in the rate of complications (from 26.4% in 2015 to 7.9% in 2017, p < 0.01) and inpatient mortality (from

1.3% in 2015 to 0.1% in 2017, p < 0.01) were noted. Predictors of in-hospital mortality included a higher CHA2DS2-VASc score

(OR 2.61 per 1-point increase, 95% CI 1.91-3.57), chronic blood loss anemia (OR 3.63, 95% CI 1.37-9.61) and coagulopathy (OR

4.90, 95% CI 2.32-10.35). Conclusion: In contemporary United States clinical practice, Watchman utilization has increased

significantly since approval in 2015, while complications and in-patient mortality have declined.
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ABSTRACT:

Objective:

To determine trends in real-world utilization and in-hospital adverse events from Watchman implantation
since its approval by the Food and Drug Administration in 2015.

Background:

The risk of embolic stroke caused by atrial fibrillation is reduced by oral anticoagulants, but not all patients
can tolerate long-term anticoagulation. Left atrial appendage occlusion with the Watchman device has
emerged as an alternative therapy.

Methods:

This was a retrospective cohort study utilizing data from National Inpatient Sample for calendar years 2015-
2017. The outcomes assessed in this study were associated complications, in-hospital mortality, and resource
utilization trends after Watchman implantation. Trends analysis were performed using analysis of variance.
Multivariable adjusted logistic regression analysis was performed to determine predictors of mortality.

Results:

A total of 17,700 patients underwent Watchman implantation during the study period. There was a signifi-
cantly increased trend in the number of Watchman procedures performed over the study years (from 1,195
in 2015 to 11,165 devices in 2017, p < 0.01). A significant decline in the rate of complications (from 26.4% in
2015 to 7.9% in 2017, p < 0.01) and inpatient mortality (from 1.3% in 2015 to 0.1% in 2017, p < 0.01) were
noted. Predictors of in-hospital mortality included a higher CHA2DS2-VASc score (OR 2.61 per 1-point
increase, 95% CI 1.91-3.57), chronic blood loss anemia (OR 3.63, 95% CI 1.37-9.61) and coagulopathy (OR
4.90, 95% CI 2.32-10.35).

Conclusion:

In contemporary United States clinical practice, Watchman utilization has increased significantly since ap-
proval in 2015, while complications and in-patient mortality have declined.

Key words: Watchman; national trends; complications; mortality

ABBREVIATIONS LIST:

AF = atrial fibrillation
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LAA = left atrial appendage

DOACs = direct acting oral anti-coagulants

FDA = Food and Drug Administration

LOS = length of stay

OR = odds ratio

NIS = National Inpatient Sample

ICD-9-CM = International Classification of Diseases, 9th Revision, Clinical Modification

ICD-10-CM = International Classification of Diseases, 10th Revision, Clinical Modification

INTRODUCTION:

Atrial fibrillation (AF) is the most commonly encountered sustained cardiac arrhythmia in clinical practice
and responsible for more than 20% of all embolic strokes (1,2). AF-associated strokes tend to have worse
morbidity and mortality when compared to strokes not related to AF (3,4). The left atrial appendage (LAA)
is the location for thrombus formation in more than 90% of patients with non-valvular AF (5). Coumadin and
direct oral anti-coagulants (DOACs) are the gold-standard therapy for reducing stroke risk in AF patients
with risk factors for stroke. However, their utilization is often limited by lack of patient compliance and
adverse effects (6,7,8). Left atrial appendage occlusion (LAAO) using an endocardial Watchman device has
shown promising results in mitigating stroke risk when utilized in selected AF patients (9). The landmark
PROTECT (Percutaneous closure of the left atrial appendage versus warfarin therapy for prevention of stroke
in patients with atrial fibrillation) trial showed the Watchman device to be non-inferior to coumadin in terms
of the primary efficacy end-point of stroke, systemic embolism and cardiovascular/unexplained death (10).
Subsequently, the PREVAIL (Prospective randomized evaluation of the Watchman left atrial appendage
closure device in patients with atrial fibrillation versus long-term warfarin therapy) trial confirmed these
results and also showed a reduced rate of short-term complications (11). The results of these two trials
eventually led to Food and Drug Administration (FDA) approval of the Watchman device in March of 2015.
Since FDA approval of the Watchman device, there has been limited real-world data on trends in utilization,
complications and in-hospital mortality from the procedure in contemporary practice. The aim of the present
study is to assess these parameters from a comprehensive, national United States (US) population database.

METHODS:

Study data:

For the purpose of the current analysis, data were derived from the National Inpatient Sample (NIS) for
calendar years 2015-2017. The NIS is made possible by a Federal-State-Industry partnership sponsored by
the Agency for Healthcare Research and Quality (AHRQ). The NIS is derived from all States for national
estimates of healthcare utilization, costs and outcomes (12). NIS data are compiled annually and therefore
the data can be used for analyses of disease trends over time. The NIS approximates 20% of all discharges
from all US non-Federal hospitals and provides discharge weights that are used for computation of national
estimates. Institutional Review Board approval and informed consents were not required for this study given
the de-identified nature of the NIS dataset and public availability.

Study population and study design:

We analyzed NIS data from January 2015 to December 2017. The study population was selected by using the
International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) and International
Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) codes. We selected patients 18
years of age and above for the purpose of our study. Age was further divided into three groups, <65, 65-74
and [?]75. Patients implanted with a WATCHMAN were identified by ICD-9 code of 37.90 and ICD-10 code
of 02L73DK. Baseline characteristics and key complications were identified (ICD codes for complications
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provided in supplement), as previously described (13). Hospital outcomes including in-patient mortality,
discharge disposition, length of stay (LOS) and cost of hospitalization (inflation adjusted) were derived. For
the computation of hospitalization costs, cost-to-charge ratio files from NIS were utilized.

Complication rate trends were analyzed over the study years. The primary outcome of the study was
the prevalence of Watchman implantation over our study period. Additional outcomes analyzed including
associated complications, in-hospital mortality and resource utilization (including LOS, cost of stay and
discharge disposition to home, short term care, long-term care or home with institutional care or home
health).

Statistical analysis:

Descriptive statistics are presented as frequencies with percentages for categorical variables and as means
with standard deviations for continuous variables. Baseline characteristics were compared using a Pearson?2
test and Fisher’s exact test for categorical variables and independent samples t-test for continuous variables.
Trends analysis was performed using Analysis of variance (ANOVA). Linear regression was used to predict
trends over calendar years. Logistic regression was performed to estimate odds ratios (ORs) with 95%
confidence intervals (CIs) to determine predictors for mortality. Initially, a binomial logistic regression
model was used to identify variables from demographic data (Table 1) that were significantly associated
with patient mortality (P value ¡ 0.10). These variables were then subsequently utilized in a multivariable
logistic regression model to identify statistically significant predictors of mortality. In the final model, P-value
of <0.05 was used as cutoff for stepwise forward entry for logistic regression. A type I error rate of <0.05
was considered statistically significant. All statistical analyses were performed using statistical package for
social science (SPSS) version 26 (IBM Corp). Discharge weights provided by NIS were used for computation
of national estimates. All analyses were done on a weighted sample.

RESULTS:

A total of 17,700 patients underwent Watchman implantation from January 2015 to December 2017. The
mean age of patients implanted was 75.6 (SD ±8.2) years. The mean age increased over the study years
(74.2 years in year 2015 vs. 75.8 years in year 2017, P<0.01). Overall, women constituted 40.1% (n=7,095)
of the study cohort, and the majority of patients 86.0% (n=14,650) were White. Baseline characteristics
of the study population are shown in table 1. Between 2015 and 2017, patients undergoing LAAO in later
calendar years were on average older, more commonly female, and more commonly electively admitted for
the procedure.

Overall, there was a significant increase in the number of Watchman LAAO procedures in the US (from 1,195
device implants in year 2015 to 11,165 device implants in year 2017, p < 0.01, figure 1). Peri-procedural
complications associated with Watchman implantation are depicted in table 2. There was a significant decre-
ase in the rate of complications over the study period (26.4% in year 2015 vs. 7.9% in year 2017, p < 0.01).
The largest decrease in complications over the study years occurred with cardiovascular and neurological
complications, with a decreased rate of any cardiovascular complication from 13.8% in year 2015 to 4.7%
in year 2017 (p < 0.01), while the rate of any neurological complication decreased from 7.9% in year 2015
to just 0.9% in year 2017 (p < 0.01). There were very low rates of device related thrombus at discharge or
device embolization during the study period (n<10 patients; <0.1%). Overall, in-hospital mortality was low
at 0.3% (n=45 patients), and mortality decreased each year from 1.3% in 2015 to 0.1% in 2017 (figure 2).

Multivariable adjusted predictors of mortality for patients undergoing Watchman implantation are shown
in figure 5. A higher CHA2DS2-VASc score (OR 2.61 for each 1 point increase in score [95% CI 1.91-3.57],
p<0.01), chronic blood loss anemia (OR 3.63 [95% CI 1.37-9.61], p<0.01) and coagulopathy (OR 4.90 [95%
CI 2.32-10.35], p<0.01) were associated with a higher mortality, whereas a more recent calendar year of
implant (OR 0.28 per year increase [95% CI 0.19-0.43], p<0.01) and history of hypertension (OR 0.28 [95%
CI 0.14-0.56], p<0.01) were associated with a lower odds of mortality at discharge.

As seen in Table 3, the majority of patients were discharged home or with home healthcare. Both LOS and
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cost of hospitalization demonstrated a declining trend over the study period (Table 3 and figures 3 and 4).

DISCUSSION:

The main findings of our current investigation are: (1) Over the study period from 2015-2017, there has
been a significant increase in the number of Watchman device implantation procedures in the United States
(from 1,195 in year 2015 to 11,165 devices in year 2017, p < 0.01). (2) There has been a decline in the rate
of complications over the study period primarily driven by lower rates of cardiovascular and neurological
complications. (3) Overall mortality continues to be low during the study period, with an even lower trend
towards reduced mortality over the study years (1.3% in year 2015 vs. 0.1% in year 2017, p < 0.01). (4) The
total length of stay and hospitalization costs after Watchman implantation declined over the study period.

Percutaneous LAAO with the Watchman device provides a viable alternative to oral anticoagulation in select
patients based on randomized trials that have shown efficacy and safety of utilizing this approach for stroke
risk reduction (10,11). The FDA approved the device for commercial use in United States in March of 2015
and the Watchman implant procedure currently carries a class IIb recommendation in patients with non-
valvular AF at risk for stroke per the latest American College of Cardiology guidelines (14). Our analysis
of a contemporary, real-world, national database sampling US practice since FDA approval of Watchman
showed consistent increased utilization of device procedures suggesting gradual assimilation of this device
implantation procedure in clinical practice. Additionally, our analysis also showed that complications and
in-patient mortality associated with implantation of Watchman devices continued to show a downward trend.

Our study showed a significant decline in the overall complication rate over the study period (26.4% in year
2015 vs. 7.9% in year 2017, p < 0.01). This downtrend was primarily driven by a reduction in cardiovascular
and neurological complications over the study period. Cardiac perforation complications including cardiac
tamponade were encountered in the landmark PROTECT trial where its prevalence was approximately 4.3%
(10). Subsequently, with improved operator experience and better implant techniques, the incidence of this
complication was lowered to 1.9% in the PREVAIL trial, 1.4% in CAP (Continued Access to PROTECT),
1.9% in CAP2 (Continued Access to PREVAIL), and 0.3% in EWOLUTION registries (11,15,16). The overall
rate of cardiac tamponade in the current study of contemporary Watchman patients was 0.8%. This rate is
similar to post-FDA approval study led by Reddy et al. in which the authors reported a nearly similar rate
of cardiac tamponade at 1%; still higher than the European EWOLUTION registry which reported cardiac
tamponade rate of 0.3% (17). It is also similar to a recently published contemporary registry of Watchman
implantations from National Cardiovascular Data Registry which analyzed nearly 38,000 patients (18). It
may be expected that with more widespread availability of the Watchman device in US practice that the rate
of cardiac tamponade may continue to decline over the coming years. The rate of ischemic stroke/transient
ischemic attack (TIA) was 1% in our study cohort with most cases reported in 2015 and a significant
downtrend since that time (0.7% in year 2016 and 0.4% in year 2017, p < 0.01). Vuddanda et al. have
shown nearly similar ischemic stroke/TIA rates of about 0.5% when analyzing Watchman implants from
year 2016 (13). These strokes are presumed to be due to inadvertent air or clot embolization from the
trans-septal sheath and enhanced physician training should continue to mitigate this risk.

The current study showed a downward trend in in-hospital mortality suggesting improved safety with the
device with more operator experience (from 1.3% in year 2015 to 0.1% in year 2017, p < 0.01). Improvement
in mortality rate trends over time seen in the current study of real-world patients was also seen in previous
clinical studies, including the CAP2 registry which supplemented the PREVAIL trial and was designed
to continue long-term accrual of data, and showed a mortality rate of 0.2% within 7 days of Watchman
implant (15). A subsequent study utilizing National Inpatient Sample database by Vuddanda showed a
mortality rate of 0.3% at discharge for combined endocardial and epicardial based approaches for LAA
occlusion (13). In another post-FDA approval analysis of more than 3,800 patients undergoing Watchman
implantation from March, 2015 to May, 2016, Reddy et al. demonstrated procedure related mortality of
0.078% (17). The prospective EWOLUTION registry that enrolled more than 1,000 consecutive patients
undergoing Watchman implantation outside the US also showed low procedure related mortality of 0.1%
(16). These earlier studies along with our more contemporary data suggest that overall implantation of the
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Watchman device is associated with low absolute rates of mortality that is decreasing over time.

Limitations:

Our study has the following key limitations: (1) The NIS is an administrative claims-based database that
utilized ICD codes which may be prone to errors and could introduce information bias due to outcome
misclassification. The hard clinical end points, however, are less subjected to error. Additionally, AHRQ
quality control measures are routinely instituted that guarantee data integrity (12). Additionally, the ICD-9
code utilized in this study was not specific to the Watchman device and could be referred for any LAA
occlusion procedure. Due to the limited magnitude of other research studies of endocardial devices and
any epicardial LAA occlusion procedures performed in US during the study period (13), we believe that
application of this code for the purpose of our study was able to mostly characterize Watchman implants. (2)
The NIS only captures inpatient admissions and does not provide any information on outpatient encounters.
This limitation may result in selection bias; however, our data is well representative of national utilization
of Watchman devices performed during in-patient settings; in fact since inpatient hospitalization is often
required for reimbursement for the procedure, our results may be more indicative of widespread practice
(19). (3) The NIS censors data gathering at discharge so long-term outcomes could not be ascertained from
the present dataset. (4) Specific data on potential confounders including medications, as well as operator
and intra-procedural characteristics could not be examined from the NIS.

Conclusion:

In conclusion, in this large, nationally representative sample of a United States database, there has been a
significant increase in the use of Watchman devices since FDA approval in 2015. Between 2015 and 2017, a
significantly reduced rate of procedural complications and in-hospital mortality was noted, which appeared
primarily driven by reduction in cardiovascular and neurological complications. In later years, length of stay
shortened and costs of hospitalization for the procedure decreased.

Perspectives:

WHAT IS KNOWN:

Watchman device has emerged as an alternative treatment for the management of stroke risk in AF patients
who cannot tolerate oral anti-coagulation. Randomized trials have demonstrated non-inferiority of the
Watchman device in terms of both efficacy and safety when compared to coumadin.

WHAT IS NEW:

In real-world US practice, increase in utilization of Watchman device was noted since its approval by FDA
in 2015. Additionally, the rate of in-patient complications and mortality associated with Watchman implan-
tation declined from years 2015 to 2017.

WHAT IS NEXT:

Further research is needed to characterize AF patients who are most likely to benefit from the Watchman
device.

Table and Figure Legends:

Table 1: Baseline characteristics of the study population of patients undergoing Watchman device implan-
tation, stratified by year of implant from years 2015 to 2017

Table 2: Complications in patients undergoing Watchman implantation

Table 3: Hospital outcomes and resource utilization of the study cohort

Figure 1: Number of Watchman procedures over the study years

Figure 2: Trends in Mortality after Watchman implant from years 2015 to 2017

6
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Figure 3: Mean length of stay during Watchman implantation admissions from years 2015 to 2017

Figure 4: Adjusted mean cost of stay during Watchman implantation admissions from years 2015 to 2017

Figure 5: Predictors of in-hospital mortality associated with Watchman implantation from years 2015 to
2017

Supplemental Data:

Supplementary 1: ICD-9 and ICD-10 codes used for the study cohort and variables entered in logistic
regression model
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