
Listen to this manuscript’s

audio summary by

Editor-in-Chief

Dr Valentin Fuster on

JACC.org.

J O U R N A L O F T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y V O L . 7 9 , N O . 1 , 2 0 2 2

ª 2 0 2 2 B Y T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N DA T I O N

P U B L I S H E D B Y E L S E V I E R
ORIGINAL INVESTIGATIONS
4-Year Outcomes After Left Atrial
Appendage Closure Versus Nonwarfarin
Oral Anticoagulation for Atrial Fibrillation

Pavel Osmancik, MD, PHD,a Dalibor Herman, MD, PHD,a Petr Neuzil, MD, CSC,b Pavel Hala, MD,b

Milos Taborsky, MD, CSC,c Petr Kala, MD, PHD,d Martin Poloczek, MD,d Josef Stasek, MD, PHD,e

Ludek Haman, MD, PHD,e Marian Branny, MD, PHD,f Jan Chovancik, MD,f Pavel Cervinka, MD, PHD,g Jiri Holy, MD,g

Tomas Kovarnik, MD, PHD,h David Zemanek, MD, PHD,h Stepan Havranek, MD, PHD,h Vlastimil Vancura, MD, PHD,i

Petr Peichl, MD, PHD,j Petr Tousek, MD, PHD,a Veronika Lekesova, MD,b Jiri Jarkovsky, RNDR, PHD,k

Martina Novackova, MSC,k Klara Benesova, MSC,k Petr Widimsky, MD, DRSC,a,* Vivek Y. Reddy, MD,b,l,*
on behalf of the PRAGUE-17 Trial Investigators
ABSTRACT
ISS

Fro

Pra

De
BACKGROUND The PRAGUE-17 (Left Atrial Appendage Closure vs Novel Anticoagulation Agents in Atrial Fibrillation)

trial demonstrated that left atrial appendage closure (LAAC) was noninferior to nonwarfarin direct oral anticoagulants

(DOACs) for preventing major neurological, cardiovascular, or bleeding events in patients with atrial fibrillation (AF) who

were at high risk.

OBJECTIVES This study sought to assess the prespecified long-term (4-year) outcomes in PRAGUE-17.

METHODS PRAGUE-17 was a randomized noninferiority trial comparing percutaneous LAAC (Watchman or Amulet) with

DOACs (95% apixaban) in patients with nonvalvular AF and with a history of cardioembolism, clinically-relevant bleeding,

or both CHA2DS2-VASc $3 and HASBLED $2. The primary endpoint was a composite of cardioembolic events (stroke,

transient ischemic attack, or systemic embolism), cardiovascular death, clinically relevant bleeding, or procedure-/de-

vice-related complications (LAAC group only). The primary analysis was modified intention-to-treat.

RESULTS This study randomized 402 patients with AF (201 per group, age 73.3 � 7.0 years, 65.7% male, CHA2DS2-

VASc 4.7 �1.5, HASBLED 3.1 � 0.9). After 3.5 years median follow-up (1,354 patient-years), LAAC was noninferior to

DOACs for the primary endpoint by modified intention-to-treat (subdistribution HR [sHR]: 0.81; 95% CI: 0.56-1.18;

P ¼ 0.27; P for noninferiority ¼ 0.006). For the components of the composite endpoint, the corresponding sHRs were

0.68 (95% CI: 0.39-1.20; P ¼ 0.19) for cardiovascular death, 1.14 (95% CI: 0.56-2.30; P ¼ 0.72) for all-stroke/transient

ischemic attack, 0.75 (95% CI: 0.44-1.27; P ¼ 0.28) for clinically relevant bleeding, and 0.55 (95% CI: 0.31-0.97; P ¼
0.039) for nonprocedural clinically relevant bleeding. The primary endpoint outcomes were similar in the per-protocol

(sHR: 0.80; 95% CI: 0.54-1.18; P ¼ 0.25) and on-treatment (sHR: 0.82; 95% CI: 0.56-1.20; P ¼ 0.30) analyses.

CONCLUSIONS In long-term follow-up of PRAGUE-17, LAAC remains noninferior to DOACs for preventing major car-

diovascular, neurological, or bleeding events. Furthermore, nonprocedural bleeding was significantly reduced with LAAC.

(PRAGUE-17 [Left Atrial Appendage Closure vs Novel Anticoagulation Agents in Atrial Fibrillation]; NCT02426944)
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AND ACRONYMS

AF = atrial fibrillation

CV = cardiovascular

DAPT = dual antiplatelet

treatment

DOAC = direct oral

anticoagulant

IQR = interquartile range

ITT = intention-to-treat

LA = left atrial

LAA = left atrial appendage

LAAC = left atrial appendage

closure

mITT = modified intention-to-

treat

OAC = oral anticoagulant

SE = systemic embolism

sHR = subdistribution HR

TEE = transesophageal

echocardiography

TIA = transient ischemic attack
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L eft atrial appendage closure (LAAC) is
a nonpharmacologic option for pre-
venting cardioembolic events in pa-

tients with atrial fibrillation (AF) at
significant stroke risk. However, long-term
results from randomized clinical trials are
sparse; indeed, long-term results are only
available from 2 randomized studies
comparing LAAC using the Watchman device
with warfarin (1). In these reports, LAAC was
associated with lower rates of non-
procedure-related bleeding. However, since
their introduction into clinical practice,
direct oral anticoagulants (DOACs) have
largely replaced warfarin. Because treatment
using DOACs is associated with less bleeding
(including intracranial hemorrhage) than
warfarin (2), the potential benefit of LAAC
relative to DOACs is unclear, prompting the
PRAGUE-17 (Left Atrial Appendage
Closure vs Novel Anticoagulation Agents in
Atrial Fibrillation; NCT02426944) trial.

In PRAGUE-17, we compared LAAC with

DOAC treatment for the incidence of the composite
primary endpoint of cardioembolism, cardiovascular
(CV) death, clinically relevant bleeding, and proced-
ure- or device-associated complications (3). In the
primary analysis, at a median follow-up of 20 months,
the incidence of the primary endpoint was similar
between groups. Because the trial was not powered to
identify differences in the individual components of
the primary composite endpoint, there were no
statistically-significant differences in their incidence,
including the incidence of nonprocedural clinically
relevant bleeding. However, the maximum benefit of
LAAC, particularly in terms of bleeding, is expected to
be long term, that is, after patients have ceased (D)
OAC and/or dual antiplatelet treatment (DAPT).
Accordingly, short-term results have the potential for
a type II error—a potential to miss significant LAAC
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benefits on bleeding. Conversely, if there are late
LAAC events, the relatively short follow-up in the
trial also raises a potential for a type I error, that is,
inappropriately concluding noninferiority for the
primary composite endpoint. But as prespecified by
protocol, patients in PRAGUE-17 continued to be fol-
lowed up beyond the time point of the initial analysis.
Herein, we report the clinical outcomes after 4 years
of follow-up of the PRAGUE-17 trial population.
METHODS

STUDY DESIGN. The protocol and results of the
PRAGUE-17 trial have been described previously (3,4).
In brief, the PRAGUE-17 trial was an investigator-
initiated, multicenter, prospective, open-label, ran-
domized, noninferiority trial conducted at 10 cardiac
centers in the Czech Republic. Patient enrollment
began in October 2015 and concluded in January 2019.
The trial was approved by the multicenter ethics
committee at University Hospital Kralovske Vinoh-
rady (approval no. EK-VP/29/0/2014) and by the local
ethics committees at participating centers.

CRITERIA FOR ELIGIBILITY. Patients with non-
valvular AF and at moderate or high risk for stroke or
bleeding were eligible. Inclusion criteria were AF and
one of the following: 1) history of bleeding requiring
intervention or hospitalization; 2) history of car-
dioembolism while taking anticoagulation; or 3) a
moderate to high risk profile, defined as CHA2DS2-
VASc $3 plus HAS-BLED $2. Key exclusion criteria
include mechanical valve prosthesis, mitral stenosis,
comorbidities other than AF mandating anti-
coagulation, patent foramen ovale with large atrial
septal aneurysm, mobile aortic plaque, symptomatic
carotid arterial atherosclerosis, clinically significant
bleeding within 30 days, cardioembolic event within
30 days, and creatinine clearance <30 mL/min. If
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randomized to LAAC, transesophageal echocardiog-
raphy (TEE) was performed to exclude LA thrombi.
Consistent with clinical practice, the protocol only
mandated TEE in the LAAC group and not before
DOAC initiation. The presence of a thrombus in the
LAA or LA was a prespecified additional exclusion
criterion. Patients were randomly assigned to LAAC
or DOACs in a 1:1 ratio using a centralized computer
system and stratified by center to ensure comparable
CHA2DS2-VASc scores between groups.

TREATMENTS AND FOLLOW-UP. Patients random-
ized to DOAC therapy could receive rivaroxaban,
apixaban, or dabigatran (the approved DOACs at the
time of the trial) at the manufacturer-recommended
dose. Investigators were instructed to reserve
crossover from DOACs to LAAC for cases of bleeding
while taking the prescribed DOACs. Patients ran-
domized to LAAC underwent implantation using a
commercially available Amulet (Abbott Inc) or
Watchman/Watchman-FLX (Boston Scientific Inc)
device. Device selection was at the discretion of the
implanting center. After LAAC, the recommended
antithrombotic regimen was aspirin 100 mg/d plus
clopidogrel 75 mg/d for 3 months. If a TEE then
demonstrated no device-related thrombus or
leak $5 mm, clopidogrel was withdrawn, and aspirin
was continued indefinitely. Based on patient char-
acteristics and device type, this postimplantation
antithrombotic regimen could be individualized and
was ultimately left to the physician’s discretion. In
patients at high risk for bleeding, DAPT could be
shortened to 6 weeks. Conversely, in patients with a
very high thrombotic risk, alternative regimens
included DOAC substitution for DAPT for up to
3 months, or DOACs for 6 weeks followed by DAPT
for 6 weeks. For both groups, outpatient follow-up
occurred at 6 weeks; 3, 6, 9, and 12 months; and
every 6 months thereafter.

STUDY OUTCOMES. Because the risks associated with
each treatment strategy are significantly different, the
primary endpoint was a composite of safety and effi-
cacy characteristics of both strategies: 1) stroke
(ischemic or hemorrhagic) or transient ischemic attack
(TIA); 2) systemic embolism (SE); 3) clinically signifi-
cant bleeding; 4) CV death; or 5) a significant peri-
procedural or device-related complication. Clinically
significant bleeding was a composite of major and
nonmajor clinically relevant bleeding according to the
International Society on Thrombosis and Hemostasis
criteria. Major bleeding includes either a decrease in
hemoglobin $2.0 g/dL over a 24-hour period, trans-
fusion of$2 U of packed red cells, bleeding at a critical
site (intracranial, intraspinal, intraocular, pericardial,
intra-articular, intramuscular with compartment syn-
drome, or retroperitoneal), or fatal bleeding.
Nonmajor clinically relevant bleeding is defined as
bleeding requiring hospitalization or an invasive pro-
cedure, but not meeting International Society on
Thrombosis and Hemostasis major criteria.

STATISTICAL DESIGN AND ANALYSIS. The primary
hypothesis was that LAAC would be noninferior to
DOACs for the primary endpoint. The primary anal-
ysis was prespecified to be performed on a modified
intention-to-treat (mITT) basis, including all ran-
domized patients without an LAA thrombus by TEE.
As previously described (3), 13% and 10% of the DOAC
and LAAC cohorts, respectively, were estimated to
experience the primary endpoint annually. A mini-
mum of 396 study subjects provided 80% power at an
a-level of 0.05, for a noninferiority margin of 5% (or
HR: 1.47). This margin is concordant with the U.S.
Food and Drug Administration guidance. The power
analysis was computed using PASS software version
13 (NCSS). Because ITT outcomes can potentially bias
noninferiority trials toward the null hypothesis, post
hoc secondary per-protocol and on-treatment ana-
lyses were also performed. Cumulative incidence
functions and Fine-Gray competing risk regression
models were adopted for data visualization and
description. As previously described, primary ana-
lyses were conducted after adjusting for the
competing risk of mortality. For other data, standard
descriptive statistical methods were used: absolute
and relative frequencies for categorical data and the
median with interquartile range (IQR) or mean � SD
for continuous data. The influence of patient charac-
teristics on the occurrence of endpoints was calcu-
lated using the Fine-Gray regression models with the
study group as a covariate and is displayed as sub-
distribution HR (sHR). The sHR for the primary
endpoint was compared to the noninferiority margin
of 5% evaluated for 4-year cumulative incidence us-
ing Wald statistic. Statistical analyses were performed
using SPSS software version 25.0 (IBM Corporation)
and cmprsk (2.2-10) package in R version 4.0.0
(R Foundation).

RESULTS

Between October 14, 2015, and January 18, 2019, 415
patients were enrolled at 10 centers (Supplemental
Figure 1). Thirteen patients were excluded, 8 with-
drew informed consent, and 5 had LAA thrombus on
preprocedure TEE imaging. Ultimately, 201 patients
were randomized per group and followed for a median

https://doi.org/10.1016/j.jacc.2021.10.023
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TABLE 1 Baseline Characteristics and Risk Factors of Participants

DOACs
(n ¼ 201)

LAAC
(n ¼ 201)

Age, y 73.2 � 7.2 73.4 � 6.7

<75 y 122 (60.7) 116 (57.7)

>75 y 79 (39.3) 85 (42.3)

Male 130 (64.7) 134 (66.7)

Weight, kg 88.1 � 16.2 86.9 � 17.6

Clinical history

AF type

Paroxysmal 67 (33.3) 53 (26.4)

Persistent 46 (22.9) 47 (23.4)

LS persistent 16 (8.0) 18 (9.0)

Permanent 72 (35.8) 83 (41.3)

CHA2DS2-VASc 4.7 � 1.5 4.7 � 1.5

CHA2DS2-VASc #3 50 (24.9) 48 (23.9)

CHA2DS2-VASc ¼ 4 40 (19.9) 47 (23.4)

CHA2DS2-VASc ¼ 5 57 (28.4) 50 (24.9)

CHA2DS2-VASc $6 54 (26.9) 56 (27.9)

HAS-BLED 3.0 � 0.9 3.1 � 0.9

Heart failure 90 (44.8) 88 (43.8)

Hypertension 186 (92.5) 186 (92.5)

Diabetes mellitus 90 (44.8) 73 (36.3)

History of cardioembolic event 69 (34.3) 73 (36.3)

Of which is stroke 63 (91.3) 66 (90.4)

History of MI 39 (19.4) 30 (14.9)

Randomized at experienced centers 140 (69.7) 141 (70.1)

Prior antithrombotic treatment

Warfarin 104 (51.7) 85 (42.3)

DOACs 55 (27.4) 66 (32.8)

If no OACs, new AF appearance 30 (71.4) 38 (76)

Aspirin 32 (15.9) 39 (19.4)

Clopidogrel 11 (5.5) 17 (8.5)

Dual antiplatelet treatment 6 (3.0) 7 (3.5)

Other (low dose LMWH, none) 19 (9.5) 24 (11.9)

Values are mean � SD or n (%).

AF ¼ atrial fibrillation; DOAC ¼ direct oral anticoagulant; LAAC ¼ left atrial appendage closure;
LMWH ¼ low molecular weight heparin; LS ¼ long-standing; MI ¼ myocardial infarction.
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of 3.5 years (IQR: 2.6-4.3 years) in the LAAC group and
3.5 years (IQR: 2.6-4.2 years) in the DOAC group, for an
aggregate of 1,354 patient-years. Baseline clinical
characteristics are shown in Table 1 and Supplemental
Table 1. The mean age was 73.3� 7.0 years, 34.3%were
women, mean CHA2DS2-VASc ¼ 4.7 � 1.5 (>25% being
CHA2DS2-VASc >6), prior cardioembolism in 35.3%,
and prior clinically relevant bleeding in 47.8% of
patients.

As previously published (3), 7.0% of patients (14 of
201) did not undergo the procedure because of either
patient refusal (n ¼ 9) or anatomical considerations.
All 14 patients continued follow-up, and 12 crossed
over to DOACs. Ultimately, 187 patients underwent
LAAC, with the LAA being successfully occluded in
96.8% of procedure attempts (181 of 187). Significant
complications occurred in 9 patients including 1 de-
vice embolization with a need for surgical extraction
and surgical LAA closure. Five patients with unsuc-
cessful closure (including the aforementioned pa-
tient) also crossed over to DOACs. The implanted
devices were Amulet, Watchman, or Watchman-FLX
in 61.3%, 35.9%, or 2.8%, respectively. Most patients
(n ¼ 148, 81.8%) received DAPT on discharge, 25 pa-
tients (13.8%) received apixaban for 3 months fol-
lowed by aspirin, and 8 patients (4.4%) received
apixaban for 6 weeks followed by DAPT for 6 weeks.
In the DOAC group, the most frequently used anti-
coagulant was apixaban, in 192 patients (95.5%): 5
and 2.5 mg twice daily in 159 patients (79.1%) and 33
patients (16.4%), respectively. Dabigatran and rivar-
oxaban were used in 8 patients (4.0%) and 1 patient
(0.5%), respectively. In 17 patients in the LAAC
cohort, long-term DOACs were initiated at some point
during the study period (in 5 patients because of
ischemic stroke/TIA). Conversely, DOAC treatment
was permanently stopped in 26 patients in the DOAC
cohort during follow-up (in 15 because of clinically
relevant bleeding) with (n ¼ 13) or without subse-
quent crossover to the LAAC (for details see the
Supplemental Appendix).

PRIMARY AND SECONDARY ENDPOINTS IN THE mITT

ANALYSIS. The primary outcome occurred in 49 pa-
tients (a total of 58 events) with LAAC (8.6 events per
100 patient-years) compared with in 60 patients (81
events) with DOACs (11.9 events per 100 patient-
years; sHR: 0.81; 95% CI: 0.56-1.18; P ¼ 0.27)
(Central Illustration, Figure 1, Table 2). Also in the
present long-term analysis, LAAC remained non-
inferior to DOAC treatment (1-sided P value for
noninferiority ¼ 0.006). The result was consistent
across all subgroups with no statistically significant
interactions (Figure 2).

Death from CV reasons occurred in 20 patients in
the LAAC arm (3.0 events per 100 patient-years) and
30 patients in the DOAC arm (4.4 events per 100
patient-years; sHR: 0.68; 95% CI: 0.39-1.20; P ¼ 0.19)
(Figure 3, Table 2). Non-CV mortality (sHR: 0.99;
95% CI: 0.55-1.77; P ¼ 0.96) and all-cause mortality
(HR ¼ 0.81; 95% CI: 0.54-1.22; P ¼ 0.31) were similar in
both groups (Supplemental Figures 2 and 3).

All-stroke/TIA occurred in 16 patients with LAAC
(16 events, 15 ischemic and 1 hemorrhagic events; 14
of them were strokes) and in 15 patients with DOACs
(18 events, 16 ischemic and 2 hemorrhagic events; 12
strokes). The corresponding annualized rate of all-
stroke/TIA was 2.4% with LAAC and 2.7% with
DOACs (sHR: 1.14; 95% CI: 0.56-2.30; P ¼ 0.72) (Central
Illustration, Figure 3, Table 2). When TIAs were
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CENTRAL ILLUSTRATION A Summary Slide of Primary and Secondary Endpoints

Osmancik, P. et al. J Am Coll Cardiol. 2022;79(1):1–14.

Shown are the patient characteristics, cumulative incidence function for primary endpoint, as well as for stroke/transient ischemic attack and nonprocedural clinically

relevant bleeding in the modified intention-to-treat population. AF ¼ atrial fibrillation; CV ¼ cardiovascular; SE ¼ systemic embolism; sHR ¼ subdistribution HR;

TIA ¼ transient ischemic attack.
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excluded, the annualized rate for stroke was 2.1%
with LAAC, and 1.8% with DOACs (sHR: 1.38; 95%
CI: 0.63-3.03; P ¼ 0.42). SE occurred in only 1 patient,
who was in the DOAC arm.

Clinically relevant bleeding occurred in 24 patients
with LAAC (29 events) and in 32 patients with DOACs
(40 events). The corresponding annualized rate of
clinically relevant bleeding was 4.3% with LAAC and
5.9% with DOACs (sHR: 0.75; 95% CI: 0.44-1.27; P ¼
0.28) (Figure 3, Table 2). However, 6 bleeding events
in the LAAC arm were procedure-related. Accord-
ingly, the annualized incidence of nonprocedural
clinically relevant bleeding was significantly different
between the groups: 3.4% with LAAC and 5.9% with
DOACs (sHR: 0.55; 95% CI: 0.31-0.97; P ¼ 0.039)
(Central Illustration, Figure 3, Table 2).
PER-PROTOCOL ANALYSIS. In the post hoc per-
protocol analysis, 181 and 199 patients were included
in the LAAC and DOAC groups, respectively (details of
patient assignment and censoring are noted in the
Supplemental Appendix). LAAC was noninferior to
DOACs for the primary endpoint outcome (sHR: 0.80;
95% CI: 0.54-1.18; P ¼ 0.25; 1-sided P value for
noninferiority ¼ 0.020) (Figure 4). There were also no

https://doi.org/10.1016/j.jacc.2021.10.023


FIGURE 1 Primary Outcome in the mITT Analysis
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significant differences between groups for all-stroke/
TIA (sHR: 1.01; 95% CI: 0.48-2.11; P ¼ 0.99), all-stroke
(sHR: 1.30; 95% CI: 0.57-2.93; P ¼ 0.53), or CV mortal-
ity (sHR: 0.70; 95% CI: 0.38-1.31; P ¼ 0.27)
(Supplemental Figure 4, Supplemental Table 2). The
rate of clinically relevant bleeding was not signifi-
cantly different between groups (sHR: 0.76; 95% CI:
0.44-1.31; P ¼ 0.32); however, for non-procedural- and
device-related events, LAACwas again associatedwith
a significantly reduced rate of clinically relevant
bleeding (sHR: 0.52; 95% CI: 0.29-0.97; P ¼ 0.039).

ON-TREATMENT ANALYSIS. The post hoc on-
treatment analysis ultimately included 184 and 216
patients in the LAAC and DOAC groups, respectively
(details of patient assignment and censoring are
noted in the Supplemental Appendix). Again, LAAC
was noninferior to DOACs for the primary endpoint
outcome (sHR: 0.82; 95% CI: 0.56-1.20; P ¼ 0.30;
1-sided P value for noninferiority ¼ 0.025) (Figure 4).
There were also no significant differences between
groups for all-stroke/TIA (sHR: 0.86; 95% CI: 0.42-
1.75; P ¼ 0.68), all-stroke (sHR: 1.12; 95% CI: 0.52-2.45;
P ¼ 0.77), or CV mortality (sHR: 0.70; 95% CI: 0.38-
1.30; P ¼ 0.26) (Supplemental Figure 5, Supplemental
Table 3). Again, the rate of clinically relevant bleeding
was similar between groups (sHR: 0.78; 95% CI: 0.45-
1.35; P ¼ 0.38), but nonprocedural clinically relevant
bleeding was significantly reduced with LAAC (sHR:
0.54; 95% CI: 0.30-1.00; P ¼ 0.049).

https://doi.org/10.1016/j.jacc.2021.10.023
https://doi.org/10.1016/j.jacc.2021.10.023
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TABLE 2 Number of Events, Annualized Event Rate, and sHR for Primary and Secondary Outcomes in the mITT Analysis

Total (N ¼ 402) DOAC (n ¼ 201) LAAC (n ¼ 201)

sHR (95% CI)
No. of Patients
With Events

No. of
Events

Event
Rate

No. of Patients
With Events

No. of
Events

Event
Rate

No. of Patients
With Events

No. of
Events

Event
Rate P Value

Primary endpoint 109 139 10.27 60 81 11.92 49 58 8.60 0.81 (0.56- 1.18) 0.27

Cardiovascular death 50 50 3.69 30 30 4.42 20 20 2.96 0.68 (0.39-1.20) 0.19

All-stroke/TIA 31 34 2.51 15 18 2.65 16 16 2.37 1.14 (0.56-2.30) 0.72

All-stroke 25 26 1.92 11 12 1.77 14 14 2.08 1.38 (0.63-3.03) 0.42

Systemic embolism 1 1 0.07 1 1 0.15 0 0 0.00 — —

Clinically relevant bleeding 56 69 5.10 32 40 5.89 24 29 4.30 0.75 (0.44-1.27) 0.28

Nonprocedural clinically
relevant bleeding

50 63 4.65 32 40 5.89 18 23 3.41 0.55 (0.31-0.97) 0.039

Procedure- or device-
related complication

9 9 0.66 0 0 0.00 9 9 1.33 — —

Noncardiovascular death 45 45 3.32 23 23 3.39 22 22 3.26 0.99 (0.55-1.77) 0.96

All-cause death 95 95 7.02 53 53 7.80 42 42 6.23 0.81 (0.54-1.22) 0.31

Incidence of composite primary endpoint and its components in the presence of competing risk in the intention-to-treat populations. sHRs for the LAAC group in comparison to the DOAC group and
corresponding P values were calculated using Fine-Gray regression models with the study group as a covariate. In case of multiple endpoints of the same type, sHR are based on the first event only. Event rate
is defined as number of events per 100 patient-years. Dashes indicate nonanalyzable events.

mITT ¼ modified intention-to-treat; sHR ¼ subdistribution HR; TIA ¼ transient ischemic attack; other abbreviations as in Table 1.
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DISCUSSION

In this long-term analysis of the PRAGUE-17 trial,
noninferiority of LAAC vs DOACs was maintained for
the primary composite endpoint after w4 years of
follow-up. The results were similar in both the pre-
specified mITT analysis, and the post hoc per-
protocol and on-treatment analyses. There were no
significant differences in the rates of all-stroke/TIA or
CV death between groups. On the other hand, in this
extended follow-up, the incidence of nonprocedural
clinically relevant bleeding was significantly reduced
with LAAC in all presented analyses.

In our study, the benefit of LAAC on clinically
relevant bleeding was derived from a reduction in
late events. Events during the first year post-
implantation are primarily driven by procedural
complications and postimplantation antithrombotic
medications, so the benefit of LAAC was best
appreciated over longer periods of follow-up. These
findings are in agreement with other randomized
trials of LAAC in patients with AF. The 5-year out-
comes of the PROTECT-AF (Percutaneous closure of
the left atrial appendage versus warfarin therapy for
prevention of stroke in patients with atrial fibrilla-
tion: a randomised non-inferiority trial) and PRE-
VAIL (Evaluation of the Watchman Left Atrial
Appendage [LAA] Closure Device in Patients With
Atrial Fibrillation Versus Long Term Warfarin
Therapy) trials showed that the composite of stroke,
SE, and CV death occurred at similar frequencies in
the LAAC and warfarin groups (HR: 0.82; 95% CI:
0.58-1.17); similarly, the rate of all-stroke or SE was
also not different between groups (HR: 0.96;
95% CI: 0.60-1.54). However, patients who under-
went LAAC experienced substantially fewer non-
procedural major bleeding events than patients on
warfarin did (HR: 0.48; 95% CI: 0.32-0.71) (1).

After the initial publication of the PRAGUE-17 trial,
several nonrandomized registries and studies with
propensity score-matched control subjects have been
published—all of which further corroborate the
embolic role of the LAA in patients with AF. The
largest of these propensity-matching studies
compared the 2-year clinical follow-up of 1,088 pa-
tients after LAAC with a propensity score-matched
cohort of 1,184 patients with AF who were treated
using DOACs. The risk of ischemic stroke was similar
between groups (HR: 1.11), whereas the risk of major
bleeding (HR: 0.62; 95% CI: 0.49-0.79) and even all-
cause mortality (HR: 0.53; 95% CI: 0.43-0.64) were
significantly reduced with LAAC (5). In the APPLY
(NCT02787525) study, 500 patients after LAAC were
compared with 500 patients with medically treated
AF (78.8% on OACs), also using propensity score-
matching (6). After a mean follow-up of 2.7 years,
the incidence of the primary composite endpoint of
stroke and CV death were significantly lower in the
LAAC group (HR: 0.7; 95% CI: 0.53-0.95). The primary
safety endpoint, consisting of major bleeding and
procedure-/device-related complications, was similar
in both groups (HR: 0.80; 95% CI: 0.55-1.18). Howev-
er, of the 48 safety events in the LAAC group, one-
half were procedural adverse events, suggesting that

https://clinicaltrials.gov/ct2/show/NCT02787525?term=NCT02787525&amp;draw=2&amp;rank=1


FIGURE 2 Subgroup Analysis
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with continued follow-up, one could suspect further
divergence between groups in favor of LAAC.
STROKE AND SYSTEMIC CARDIOEMBOLIC EVENTS.

The annualized rates of all-stroke/TIA and ischemic
stroke were 2.4% and 1.9% for LAAC and 2.7% and
1.5% for DOACs, respectively, in our high-risk pa-
tient cohort (CHA2DS2-VASc ¼ 4.7 � 1.5). Certainly,
these data must be considered cautiously because
the study was not powered to evaluate the differ-
ences in these components of the primary endpoint.
However, the incidence of approximately 2% per
year is in agreement with previously published data
on annualized stroke rates in other randomized trials
as well as nonrandomized registries of patients with
AF who underwent LAAC vs those on DOACs.
Hildick-Smith et al (7) reported an annualized
ischemic stroke incidence of 2.2% in a group of 1,088
subjects (CHA2DS2-VASc ¼ 4.2 � 1.6) after LAAC us-
ing the Amulet device. Boersma et al (8) reported
annualized rates of stroke or stroke/TIA/SE as 1.3%
and 2.0% in the 2-year follow-up of 1,020 patients
(CHA2DS2-VASc ¼ 4.5 � 1.6) after LAAC using the
Watchman device.

With regard to DOAC therapy, in the ROCKET-AF
(Rivaroxaban Once-Daily, Oral, Direct Factor Xa In-
hibition Compared With Vitamin K Antagonism for
Prevention of Stroke and Embolism Trial in Atrial
Fibrillation) trial (mean CHADS2 ¼ 3.5), stroke or SE
occurred in 1.7% of patients per year. In the lower risk
AVERROES (A Phase III Study of Apixaban in Patients
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With Atrial Fibrillation) trial patient cohort (mean
CHADS2 ¼ 2.0, prior stroke or TIA in only 14%), the
annualized incidence of stroke (without TIA) was
1.6% in the apixaban arm and 3.7% in the aspirin arm
(9). In older warfarin vs placebo trials, the incidence
of stroke/TIA/SE in patients without antithrombotic
treatment was significantly higher. For instance, in
the AFASAK (Placebo-controlled, randomised trial of
warfarin and aspirin for prevention of thromboem-
bolic complications in chronic atrial fibrillation) trial,
the annualized incidence of stroke/TIA/SE was 2.0%
on warfarin and 5.5% on placebo (10), and the annual
incidence of cardioembolic events in the placebo
arms of other warfarin trials varied from 4.7% to 8.0%
(11).

Further reductions in cardioembolic events may be
difficult to achieve using OAC or LAAC strategies
alone. Interestingly, the recently published LAAOS III
(Left Atrial Appendage Occlusion Study III) trial
demonstrated the superiority of a novel strategy that
combines surgical LAA closure with OACs vs OACs
alone: the composite of ischemic stroke/TIA/SE was
significantly reduced in the surgical LAAC group (HR:
0.67) (12). However, this combination strategy has
never been tested using transcatheter techniques and
might present a challenge for a standalone LAAC
procedure (unlike concomitant surgical LAA ligation).

In our cohort, 26 patients (12.9%) stopped DOAC
treatment during the study period. In previous pub-
lications, DOAC discontinuation was associated with
an increased risk of subsequent cardioembolic events
(13,14). This is particularly important because OAC
discontinuation occurs relatively frequently in clin-
ical practice and even in clinical trial settings. In a
meta-analysis of DOAC trials in AF, the drug was
discontinued in 21.7% of patients, and discontinua-
tion of both warfarin and DOACs was associated with
an increased risk for cardioembolism (15). The most
common reasons for discontinuation were adverse
events, especially bleeding. In the AVERROES trial,
apixaban was discontinued in 21.7% of patients dur-
ing 1.8 years of follow-up. In the propensity score-
matched study of Amulet vs DOAC therapy, 20% of
patients in the DOAC cohort permanently stopped
DOAC treatment after 3 months (5). Discontinuation
of DOACs increases the risk of cardioembolic events,
and as such, could have contributed to similar results
in the LAAC and DOAC arms relative to our trial.
Indeed, drug discontinuation can happen with any
medication, especially those that cause side effects.

BLEEDING. In the present follow-up of w4 years,
nonprocedural clinically relevant bleeding was
significantly reduced with the LAAC strategy (sHR:
0.55; 95% CI: 0.31-0.97). The bleeding rate in patients
who underwent LAAC (3.4% per year) was similar to
that reported in other LAAC studies: in PROTECT-AF,
the postimplantation (>7 days) bleeding rate was
3.5% per year (16,17). In the EWOLUTION (Registry on
Watchman Outcomes in Real-Life Utilization) and
Iberian registries, both of which included patients
with OAC contraindications, the corresponding major
bleeding rates were 2.7% per year and 3.9% per year,
respectively (8,18).

In PRAGUE-17, a temporal analysis of bleeding
events reveals progressive separation in favor of LAAC
during follow-up starting at 6 months (Central
Illustration). This again emphasizes that the benefits
of LAAC become more evident as time progresses. The
early postimplantation period is burdened by both:
1) procedure-/device-related complications that are
typically bleeding events (6 of 9 complications in
PRAGUE-17 were bleeding events); and 2) the tempo-
rarily more intense antithrombotic treatment, both of
which increase early bleeding. A reduction in non-
procedural (>7 days) bleeding in favor of LAAC was
also observed in the 5-year patient-level meta-analysis
of the PROTECT-AF and PREVAIL trials, and even with
a similar HR of 0.48 (95% CI: 0.32-0.71) (1).

Similar findings were also reported in non-
randomized studies and registries. In the Amulet
observational study of 1,088 patients, there was a
decrease in the annualized rate of major bleeding
from 10.1% for the first year to 4.0% for the second
year (7). In the aforementioned propensity-matched
analysis, there were fewer major bleeding events af-
ter LAAC compared to a matched DOAC control cohort
(HR: 0.62; 95% CI: 0.49-0.79); interestingly, the time-
to-event curves started to separate at 3 months
postimplantation, with progressive separation over
time (5). In the APPLY propensity-matched analysis,
the primary safety endpoint (major bleeding þ pro-
cedure-/device-related complications) occurred in
3.6% per year with LAAC: 52% of events were proce-
dural adverse events, and the remaining 48% were
major bleeds during follow-up (6). In the 4.5-year
analysis of the CAP (Continued Access to PROTECT-
AF) and CAP2 (Continued Access to PREVAIL) regis-
tries, together including 1,144 patients undergoing
Watchman implantation, primary safety events
composed of major bleeding and procedure-related
complications occurred in 3.1% per year. Roughly
one-half of these events occurred within the first
6 months postimplantation (19). Again, a significant
number of complications were bleeding events,
further emphasizing the need to reduce procedure-
and device-related complications. To this point,
next-generation devices such as the Watchman-FLX



FIGURE 3 Secondary Outcomes in the mITT Analysis
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FIGURE 3 Continued
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FIGURE 4 Primary Outcome in the Per-Protocol and On-Treatment Analyses
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: Among patients with AF at elevated risk of stroke and

bleeding, percutaneous LAAC is associated with rates of stroke,

cardiovascular death, and bleeding similar to treatment with

DOACs.

TRANSLATIONAL OUTLOOK: Further studies are needed to

guide optimum selection of patients for management with these

treatment strategies, alone or in combination.
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seem to be associated with a lower rate of procedural
complications, as was recently demonstrated in the
PINNACLE-FLX (Protection Against Embolism for
Nonvalvular AF Patients: Investigational Device
Evaluation of the Watchman FLX LAA Closure Tech-
nology) clinical trial (20).

STUDY LIMITATIONS. The composite endpoint itself
contains both thromboembolism and bleeding com-
ponents, potentially with competing directions of
effect. The PRAGUE-17 trial was underpowered to
evaluate the relative differences in individual com-
ponents of the primary composite endpoint, so all
analyses of individual components need to be
weighed carefully. In the DOAC arm, no medication
logs were kept. The results may not apply to all pa-
tients with AF because the study focused on patients
who were high risk with high CHA2DS2-VASc scores.
Crossovers from the LAAC to DOAC arm could theo-
retically bias toward the null hypothesis; however,
the per-protocol analysis of only patients treated as
randomized yielded similar results. Device-related
thrombosis was not prospectively studied in all pa-
tients with LAAC because of the disruption caused by
the COVID-19 pandemic; many of the planned TEEs
had to be cancelled.

CONCLUSIONS

Among patients who are nonvalvular with AF and at
high risk for stroke and bleeding, the noninferiority of
LAAC to DOACs relative to the composite of car-
dioembolic events, CV death, significant procedure-/
device-related complications, or clinically relevant
bleeding was maintained during long-term follow-up.
The rate of nonprocedural clinically relevant bleeding
was significantly reduced with LAAC compared with
DOAC therapy, but the study was underpowered to
detect differences in stroke rate. The curves of clini-
cally relevant bleeding appear to separate at
w6 months.
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