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Background-—The goal of this study was to compare the safety and effectiveness of individual antiembolic interventions in
nonvalvular atrial fibrillation (AF): novel oral anticoagulants (NOACs) (apixaban, dabigatran, edoxaban, and rivaroxaban); vitamin K
antagonists (VKA); aspirin; and the Watchman device.

Methods and Results-—A network meta-analysis of randomized, clinical trials (RCTs) was performed. RCTs that included patients
with prosthetic cardiac valves or mitral stenosis, mean or median follow-up <6 months, <200 participants, without published
report in English language, and NOAC phase II studies were excluded. The placebo/control arm received either placebo or no
treatment. The primary efficacy outcome was the combination of stroke (of any type) and systemic embolism. All-cause mortality
served as a secondary efficacy outcome. The primary safety outcome was the combination of major extracranial bleeding and
intracranial hemorrhage. A total of 21 RCTs (96 017 nonvalvular AF patients; median age, 72 years; 65% males; median follow-up,
1.7 years) were included. In comparison to placebo/control, use of aspirin (odds ratio [OR], 0.75 [95% CI, 0.60–0.95]), VKA (0.38
[0.29–0.49]), apixaban (0.31 [0.22–0.45]), dabigatran (0.29 [0.20–0.43]), edoxaban (0.38 [0.26–0.54]), rivaroxaban (0.27 [0.18–
0.42]), and the Watchman device (0.36 [0.16–0.80]) significantly reduced the risk of any stroke or systemic embolism in
nonvalvular AF patients, as well as all-cause mortality (aspirin: OR, 0.82 [0.68–0.99]; VKA: 0.69 [0.57–0.85]; apixaban: 0.62 [0.50–
0.78]; dabigatran: 0.62 [0.50–0.78]; edoxaban: 0.62 [0.50–0.77]; rivaroxaban: 0.58 [0.44–0.77]; and the Watchman device: 0.47
[0.25–0.88]). Apixaban (0.89 [0.80–0.99]), dabigatran (0.90 [0.82–0.99]), and edoxaban (0.89 [0.82–0.96]) reduced risk of all-
cause death as compared to VKA.

Conclusions-—The entire spectrum of therapy to prevent thromboembolism in nonvalvular AF significantly reduced stroke/
systemic embolism events and mortality. ( J Am Heart Assoc. 2016;5:e003206 doi: 10.1161/JAHA.116.003206)
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anticoagulants • stroke • vitamin K antagonists • watchman

A trial fibrillation (AF) significantly increases the risk of
stroke and system thromboembolism1 and is associated

with substantial stroke-related morbidity and mortality.2

Antithrombotic therapy is a standard of care for stroke
prevention in AF3 in selected patients, stratified by the risk
scores (CHADS2, CHA2DS2-VASc, and HAS-BLED).3 Recently,
several nonvitamin K oral anticoagulants (NOACs)

demonstrated equivalent or superior efficacy and safety, with
greater convenience, as compared to vitamin K antagonists
(VKA) treatment (eg, warfarin)4 and shifted the paradigm of
stroke prevention in AF.5 The NOACs are represented by two
drug classes: the oral direct thrombin inhibitors (eg, dabiga-
tran) and the oral Factor Xa inhibitors (eg, apixaban,
edoxaban, and rivaroxaban). In addition, a mechanical left
atrial appendage (LAA) occlusion device is now available for
stroke prevention in AF.6,7 With 4 currently approved NOACs
among other pharmacological and nonpharmacologic options,
it is challenging to compare the safety and efficacy of
individual agents in order to identify the optimal stroke
prevention strategy or provide data for clinicians, patients,
and policy makers to make informed decisions. Notably, the
comparative effectiveness of available NOACs and the LAA
occlusion device, as well as aspirin and VKA, is unknown,
because direct comparisons among the many alternatives
have not been performed in randomized, clinical trials (RCTs).

In the absence of RCTs, several recent meta-analyses8–11

compared the effectiveness of NOACs (as a group) and VKAs.
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At the same time, very few indirect comparisons12–16 of
individual NOAC agents with the LAA occlusion device was
performed. Previously conducted indirect comparison analy-
ses did not rank the interventions, and adjusted for RCT
population characteristics comparison with LAA occlusion
device was not performed. The goal of this study was to
compare, by way of a network meta-analysis, the relative
effectiveness of several antithrombotic drug therapies as well
as the LAA occlusion device for stroke prevention in
nonvalvular AF.

Methods
The study conformed to principles outlined in the Declaration
of Helsinki and The PRISMA Extension Statement for Report-
ing of Systematic Reviews Incorporating Network Meta-
analyses of Health Care Interventions.17

Eligibility Criteria
A study was considered eligible if it was an RCT that enrolled
patients with nonvalvular AF and presented efficacy and
safety outcomes data. RCTs that included patients with
prosthetic cardiac valves or mitral stenosis, mean or median
follow-up <6 months, <200 participants, and NOAC phase II
studies were not considered. We included RCTs that tested
the following antithrombotic interventions: aspirin, VKA, 4
NOACs (apixaban, dabigatran, edoxaban, and rivaroxaban),
and the Watchman LAA occlusion device. We excluded RCTs
with a high probability of bias and RCTs without published
reports in the English language. No treatment (control) arm or
placebo arm were considered together as a single placebo/
control comparator.

Study Outcomes
The combined outcome of stroke (both embolic and
hemorrhagic) and systemic embolism served as a primary
efficacy outcome. Transient ischemic attacks were not
included. All-cause mortality served as a secondary efficacy
outcome. The primary safety outcome was a combined
outcome of major extracranial bleeding and intracranial
hemorrhage (including epidural, subdural, and subarachnoid
hemorrhage) or major Watchman device implantation–
related complications.

Selection of Studies, Extraction of Data, and
Assessment of Data Quality
We searched Medline from 1966 to August 2015, as well as
screened and cross-checked relevant systematic reviews and

meta-analyses. Two physician-reviewers (L.T. and C.H.) iden-
tified eligible studies and abstracted key features of included
RCTs. Quality of the data was analyzed using the Cochrane
Collaboration Risk of Bias Tool. We evaluated the quality of
RCTs focusing on selection bias (method of randomization,
allocation concealment), information bias (masking of out-
come adjudicators), and bias in the analysis (intention to treat
analysis, completeness of follow-up). The overall risk of bias
was determined as low (all analyzed items were appropriate,
or at least 5 items were appropriate and the remaining 2
unclear), unclear (>2 items were not reported), and high (≥1
quality dimension suggested possible bias). Two studies
(ESPS II18 and LASAF19) were excluded because of high risk of
bias.

Statistical Analysis
A multiple treatment comparison network meta-analysis
(NMA) was conducted that included both the direct RCT
comparisons and also indirect comparisons of treatments.
Both direct and indirect RCT comparisons were performed
using STATA software (version 14; StataCorp LP, College
Station, TX) mvmeta with NMA graphical tools by Chaimani
et al.20 Multivariate random-effect meta-analysis and multi-
variate random-effect meta-regression was performed on a
data set of point estimates, variances, and covariances. The
unadjusted and adjusted analysis was performed. Meta-
regression was adjusted for RCT population characteristics
(mean/median CHADS2 score, time in therapeutic range
[TTR], and duration of follow-up) and properly accounted for
correlations between effect sizes from multiarm studies. For
the contribution assessment, the direct estimates were
derived using a comparison-specific random-effects model.
If a comparison was informed by less than 2 studies, a fixed-
effects model was used.

In order to evaluate inconsistency between direct and
indirect effect estimates for the same comparison, we
evaluated each closed loop in the network. Only triangular
(formed by 3 treatments all compared with one another) loops
were considered. There was no quadratic loop in our network.
In each loop, we estimated the inconsistency factor (IF) as the
absolute difference (with 95% CI and a z-test21) between
direct and indirect estimates for each paired comparison in
the loop. IF is the logarithm of the ratio of two odds ratios
(RoR) from direct and indirect evidence in the loop; RoR values
close to 1 indicate that the 2 sources are in agreement. A
comparison-adjusted funnel plot was used to assess the
presence of small-study effect.22 Tau-squared (an estimate of
the between-study variance in a random-effects meta-
analysis) estimated SD of underlying effects across studies.
The empirical Bayes method was used for estimation of loop-
specific heterogeneity.

DOI: 10.1161/JAHA.116.003206 Journal of the American Heart Association 2

Stroke Prevention in AF: Network Meta-Analysis Tereshchenko et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Ta
bl
e
1.

Ba
se
lin
e
C
ha
ra
ct
er
is
tic
s
of

th
e
In
te
nt
io
n-
to
-T
re
at

Po
pu
la
tio

ns
of

th
e
In
cl
ud
ed

Tr
ia
ls

St
ud
y,
Ye
ar

In
te
rv
en
tio

n
C
om

pa
ra
to
r

F/
U
,y

Ag
e,

In
t/

C
om

p,
y

M
en
,I
nt
/

C
om

p,
%

C
H
AD

S 2
;I
nt
/

C
om

p,
m
ea
n

VK
A-
N
a€ ı
ve
;I
nt
/

C
om

p,
%

2°
Pr
ev
;I
nt
/

C
om

p,
%

TT
R

Pa
rt
ic
ip
an
ts
,

In
t/
C
om

p,

n/
n

SS
E,

In
t/

C
om

p,
n/

n

M
or
ta
lit
y,
In
t/

C
om

p,
n/

n

M
aj
or

Bl
ee
di
ng
,

In
t/
C
om

p,
n/

n

AR
IS
TO

TL
E,
26

20
11

Ap
ix
ab
an

2.
5

to
5
m
g

VK
A IN
R
2
to

3
1.
8

70
/7
0

64
.5
/6
5.
0

2.
1/
2.
1

42
.9
/4
2.
8

19
.2
/1
9.
7

66
91
20
/9
08
1

21
4/
26
7

60
3/
66
9

32
7/
46
2

AV
ER
RO

ES
,2
7
20
11

Ap
ix
ab
an

2.
5

to
5
m
g

AS
A

1.
1

70
/7
0

59
/5
8

2.
0/
2.
1

85
.7
/8
4.
7

13
.8
/1
3.
4

n/
a

28
08
/2
79
1

51
/1
13

11
1/
14
0

44
/3
9

EN
GA

GE
AF
-T
IM
I,2

8

20
13

Ed
ox
ab
an

60
m
g

VK
A IN
R
2
to

3
2.
8

72
/7
2

61
.1
/6
2.
5

2.
8/
2.
8

41
.2
/4
1.
2

28
.1
/2
8.
3

68
.4

70
35
/7
03
6

29
6/
34
0

77
3/
83
9

41
8/
52
4

Ed
ox
ab
an

30
m
g

VK
A IN
R
2
to

3
2.
8

72
/7
2

61
.2
/6
2.
5

2.
8/
2.
8

40
.8
/4
1.
2

28
.5
/2
8.
3

68
.4

70
34
/7
03
6

38
9/
34
0

73
7/
83
9

25
4/
52
4

JR
OC

KE
T,
29

20
12

Ri
va
ro
xa
ba
n

15
m
g

VK
A IN
R
2
to

2.
6
or

3
1.
3

71
.0
/7
1.
2

82
.9
/7
8.
2

3.
27
/3
.2
2

9.
7/
10
.3

63
.8
/6
3.
4

65
64
0/
64
0

11
/2
2

7/
5

26
/3
3

RO
CK

ET
AF
,3
0
20
11

Ri
va
ro
xa
ba
n

20
m
g

VK
A IN
R
2
to

3
1.
62

73
/7
3

60
.3
/6
0.
3

3.
48
/3
.4
6

37
.7
/3
7.
5

54
.9
/5
4.
6

58
71
31
/7
13
3

18
8/
24
1

20
8/
25
0

39
5/
38
6

RE
-L
Y,
31

20
09

Da
bi
ga
tra
n

15
0
m
g

VK
A IN
R
2
to

3
2.
0

71
.5
/7
1.
6

63
.2
/6
3.
3

2.
2/
2.
1

49
.8
/5
1.
4

20
.3
/1
9.
8

64
60
76
/6
02
2

13
4/
19
9

43
8/
48
7

37
5/
39
7

Da
bi
ga
tra
n

11
0
m
g

VK
A, IN
R
2
to

3
2.
0

71
.4
/7
1.
6

64
.3
/6
3.
3

2.
1/
2.
1

49
.9
/5
1.
4

19
.9
/1
9.
8

64
60
15
/6
02
2

18
2/
19
9

44
6/
48
7

32
2/
39
7

AF
AS
AK

I,3
2,
33

19
89
,
19
90
;

3
ar
m
s

VK
A 2.
4
to

4.
2

AS
A
75

m
g/
da
y,

Pl
ac
eb
o

1.
2

72
.8
/7
5.
1/
74
.6

53
/5
5/
54

1.
5/
1.
7/
1.
6*

10
0/
10
0/
10
0

6/
5/
6

73
33
5/
33
6/
33
6

10
/1
9/
22

3/
14
/1
6†

13
/4
/3

BA
AT
AF
,3
4
19
90

VK
A IN
R
1.
5
to

2.
7

Co
nt
ro
l

2.
2

68
.5
/6
7.
5

75
/7
0

1.
4/
1.
5*

10
0/
10
0

3/
3

83
21
2/
20
8

3/
13

11
/2
6

2/
1

SP
AF

I,3
5
19
91

3
ar
m
s

VK
A IN
R
2
to

4.
5

AS
A
32
5
m
g/
da
y,

Pl
ac
eb
o

1.
3

65
/6
7/
67

74
/7
1/
70

1.
1/
1.
3/
1.
4*

10
0/
10
0/
10
0

8/
6/
7

71
21
0/
55
2/
56
8

6/
26
/4
6

6/
39
/5
0

4/
10
/1
4

CA
FA
,3
6
19
91

VK
A IN
R
2
to

3
Pl
ac
eb
o

1.
3

68
/6
7.
4

75
.9
/7
3.
3

1.
15
/1
.0
*

10
0/
10
0

3.
2/
4.
2

44
18
7/
19
1

6/
11

10
/8

5/
2

SP
IN
AF
,3
7 1
99
2

VK
A IN
R
1.
4
to

2.
8

Pl
ac
eb
o

1.
7

67
/6
7

10
0/
10
0

1.
13
/1
.2
4*

10
0/
10
0

18
/2
1

71
28
1/
29
0

8/
24

20
/2
6

6/
4

EA
FT
,3
8
19
93

3
ar
m
s

VK
A IN
R
2.
5
to

4
AS
A
30
0
m
g/
da
y,

Pl
ac
eb
o

2.
3

71
/7
3/
73

55
/5
9/
53

3.
26
/3
.4
/3
.4
1*

10
0/
10
0/
10
0

10
0/
10
0/
10
0

62
22
5/
40
4/
37
8

21
/9
4/
99

41
/1
02
/9
9

13
/6
/4

SP
AF

II,
39
,4
0
19
94

VK
A IN
R
2
to

4.
5

AS
A
32
5
m
g/
da
y

2.
3

72
.5
/7
2

67
/6
7

1.
35
/1
.3

90
/9
0

7.
5/
8

73
.5

55
5/
54
5

28
/3
9

62
/6
5

32
/1
3

SP
AF

III
,4
1
19
96

VK
A IN
R
2
to

3
AS
A
32
5
m
g/
da
y‡

1.
1

71
/7
2

59
/6
2

2.
27
/2
.6
2*

56
/5
6

36
/4
0

61
52
3/
52
1

11
/4
4

35
/4
2

12
/1
3

AF
AS
AK

II,
42

19
98

VK
A IN
R
2
to

3
AS
A
30
0
m
g/
da
y‡

2.
2

73
.2
/7
2.
9

57
/6
2

2.
47
/2
.4
5*

10
0/
10
0

8/
10
.5

73
17
0/
34
0

12
/2
2

17
/2
3

4/
6

PA
TA
F,
43

19
99

VK
A, IN
R
2.
5
to

3.
5

AS
A
15
0
m
g/
da
y‡

2.
7

70
/7
5.
2

44
/4
5

0.
5/
1.
67
*

10
0/
10
0

0/
0

48
13
1/
59
8

4/
41

12
/1
07

2/
21

C
on
tin

ue
d

DOI: 10.1161/JAHA.116.003206 Journal of the American Heart Association 3

Stroke Prevention in AF: Network Meta-Analysis Tereshchenko et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



In addition, to address potential heterogeneity attributed to
a wide range of years in which the studies were conducted
(1990s–2010s), we evaluated the comparison-adjusted funnel
plots. Funnel plot is a scatterplot of the study effect size
versus a measure of its precision (inverted SE). To ensure
appropriate comparison in the funnel plot, we ordered
treatments in the data set from the oldest to newest.

Mean summary effects were presented together with their
predictive intervals (PrI) to facilitate interpretation of the
results in the light of the magnitude of heterogeneity. PrI
provide an interval within which the estimate of a future study
is expected to be.

Ranking of evaluated antithrombotic interventions was
performed. The surface under the cumulative ranking curves
(SUCRA) was used to provide a hierarchy of the treatments.
SUCRA is a relative ranking measure that accounts for the
uncertainty in treatment order, that is, accounts both for the
location and the variance of all relative treatment effects.23

The larger the SUCRA value, the better the rank of the
treatment.

In order to account for both efficacy and safety, we used
multivariate methods to account for dependency between
outcomes. Clustering methods and 2-dimensional plots were
used to produce clusters of treatments for all 3 outcomes. A
hierarchical agglomerative clustering method evaluated dif-
ferent metrics (Euclidean, squared Euclidean, and absolute-
value distance) and linkage methods (single, average,
weighted, complete, Ward, centroid, and median). The choice
of the appropriate metric and linkage criterion was driven
from the Cophenetic correlation coefficient, which measures
how faithfully the output dendrogram represents the dissim-
ilarities among observations.24 To choose the optimal level of
dendrogram and define the optimal number of resulting
partitions, an internal cluster validation measure was used,
which is based on a value of “clustering gain.” Clustering gain
has been designed to have a maximum value when intraclus-
ter similarity is maximized and the intercluster similarity is
minimized.25

Sensitivity analysis was conducted excluding RCTs with a
combination of anticoagulants (aspirin with a small, stable
dose of VKA; aspirin with clopidogrel) and with control instead
of placebo.

Results

Evidence Base
A total of 21 RCTs with 29 study arms were included in this
NMA. These studies included 96 017 nonvalvular AF patients
with a median age of 71.5 years; 65% were males. Median
length of follow-up was 1.7 years. Clinical characteristics of
the included RCT populations are reported in Table 1.6,7,26–46Ta

bl
e
1.

C
on
tin

ue
d

St
ud
y,

Ye
ar

In
te
rv
en
tio

n
C
om

pa
ra
to
r

F/
U
,y

Ag
e,

In
t/

C
om

p,
y

M
en
,I
nt
/

C
om

p,
%

C
H
AD

S 2
;I
nt
/

C
om

p,
m
ea
n

VK
A-
N
a€ ı
ve
;I
nt
/

C
om

p,
%

2°
Pr
ev
;I
nt
/

C
om

p,
%

TT
R

Pa
rt
ic
ip
an
ts
,

In
t/
C
om

p,

n/
n

SS
E,

In
t/

C
om

p,
n/

n

M
or
ta
lit
y,
In
t/

C
om

p,
n/

n

M
aj
or

Bl
ee
di
ng
,

In
t/
C
om

p,
n/

n

SA
FT
,4
4
20
03

AS
A
75

m
g/
da
y‡

Co
nt
ro
l

2.
75

72
/7
3

64
/6
1

1/
1*

10
0/
10
0

0/
0

n/
a

33
4/
33
4

37
/4
6

31
/3
6

19
/4

JA
ST
,4
5
20
06

AS
A
15
0
to

20
0
m
g/
da
y

Co
nt
ro
l

2.
1

65
.5
/6
4.
8

71
.1
/6
9.
7

1.
9/
2.
14
*

93
/9
1.
5

2.
6/
2.
5

n/
a

42
6/
44
5

20
/2
1

10
/9

7/
2

AC
TI
VE
-W

,4
6
20
06

VK
A, IN
R
2
to

3
AS
A
75

to
10
0
m
g/
da
y+

cl
op
id
og
re
l

75
m
g/
da
y

1.
3

70
.2
/7
0.
2

66
/6
7

2.
0/
2.
0

22
/2
4

15
/1
5

63
.8

33
71
/3
33
5

63
/1
18

15
8/
15
9

93
/1
01

PR
OT

EC
T-
AF
,6
20
09

W
at
ch
m
an

VK
A

1.
5

71
.7
/7
2.
7

70
.4
/7
0.
1

2.
17
/2
.3
4

0/
0

17
.7
/2
0.
1

66
46
3/
24
4

18
/1
2

21
/1
8

49
/1
6§

PR
EV
AI
L,
7
20
14

W
at
ch
m
an

VK
A

1
74
.0
/7
4.
9

67
.7
/7
4.
6

2.
6/
2.
6

0/
0

27
.5
/2
8.
3

68
26
9/
13
8

7/
1

7/
3

29
/7
§

M
ea
n
or

m
ed
ia
n
va
lu
es

(p
er
ce
nt
ag
es
)
ar
e
re
po
rt
ed
.
AS

A
in
di
ca
te
s
as
pi
rin

;C
om

p,
co
m
pa
ra
to
r;
IN
R,

in
te
rn
at
io
na
l
no
rm

al
iz
ed

ra
tio

th
er
ap
eu
tic

ra
ng
e;

In
t,
in
te
rv
en
tio

n;
qo
d,

ev
er
y
ot
he
r
da
y;
TT
R,

tim
e
in

th
er
ap
eu
tic

ra
ng
e;

VK
A,

vi
ta
m
in

K
an
ta
go
ni
st
s.

*E
st
im
at
ed

ba
se
d
on

re
po
rt
ed

ba
se
lin
e
ch
ar
ac
te
ris
tic
s.

†

O
nl
y
va
sc
ul
ar

or
un
kn
ow

n
de
at
h.

‡

As
pi
rin

pl
us

lo
w
-d
os
e
un
ad
ju
st
ed

w
ar
fa
rin

w
as

co
ns
id
er
ed

as
as
pi
rin

-o
nl
y
in
te
rv
en
tio

n,
be
ca
us
e
VK

A
do
se

w
as

in
ef
fi
ca
ci
ou
s
re
po
rt
ed
.

§

M
aj
or

bl
ee
di
ng

or
pr
oc
ed
ur
e-
re
la
te
d
co
m
pl
ic
at
io
ns
.

DOI: 10.1161/JAHA.116.003206 Journal of the American Heart Association 4

Stroke Prevention in AF: Network Meta-Analysis Tereshchenko et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Quality indicators of the included studies are described in
Table 2.

Figure 1 shows a network of stroke-preventive interven-
tions in patients with nonvalvular AF. VKA, aspirin, and
placebo/control were more frequently compared directly.
VKA is the most frequent comparator across the studies. The
included NMA studies had low bias overall, with only 3
comparisons at unclear risk of bias.

The contribution of each direct comparison to the
estimation of the network summary effects is shown in
Figure 2. Four comparisons (dabigatran vs VKA, edoxaban
vs VKA, rivaroxaban vs VKA, and the Watchman vs VKA)
were informed by direct evidence alone. Five comparisons
(apixaban vs aspirin, apixaban vs VKA, aspirin vs placebo/
control, aspirin vs VKA, and placebo/control vs VKA) were
informed by mixed (both direct and indirect) evidence.
Nineteen comparisons were informed by indirect evidence

alone. Overall, the contribution of all 9 direct comparisons
in the network was balanced and comparable with an
average of 11%, which assures valid and appropriate data
synthesis.

Assumptions of the Network Meta-Analysis
There was no inconsistency between direct and indirect point
estimates. In our network, there were 2 closed loops
(Figure 3). All confidence intervals for RoRs were compatible
with zero inconsistency (RoR=1) for all study outcomes.

Overall in our network, study size did not influence effect
size (absence of a significant small study effects). Compar-
ison-adjusted funnel plots (Figure 4) for all study outcomes
were symmetrical around the zero line. Adjustment for studies
population characteristics (Figure 4B, 4D, and 4F) harmonized
comparisons and decreased inconsistencies.

Table 2. Risk of Bias in the Included Trials

Study, Year Intervention Comparator

Selection Bias Information Bias Analysis Bias

Sum
Bias

Adequate
Sequence
Generation

Allocation
Concealment

Masking
(SSE
Outcome

Masking
(All-Cause
Mortality)

Masking
(Major
Bleeding)

Intention
to Treat
Analysis

Loss of
Follow-Up

ARISTOTLE,26 2011 Apixaban 2.5-5mg VKA Low Low Low Low Low Low Unclear Low

AVERROES,27 2011 Apixaban 2.5-5mg ASA Low Low Low Low Low Low Unclear Low

ENGAGE AF-TIMI,28

2013
Edoxaban 30-60mg VKA Low Low Low Low Low Low Low Low

JROCKET,29 2012 Rivaroxaban 15mg VKA Unclear Unclear Unclear Unclear Unclear Low Unclear Unclear

ROCKET AF,30 2011 Rivaroxaban 20mg VKA Low Low Low Low Low Low Low Low

RE-LY,31 2009 Dabigatran
110-150 mg

VKA Low Low Low Low Low Low Low Low

AFASAK I,32,33

1989, 1990
VKA ASA, placebo Low Unclear Unclear Unclear Unclear Low Unclear Unclear

BAATAF,34 1990 VKA control Low Unclear Low Low Low Low Unclear Low

SPAF I,35 1991 VKA ASA, placebo Low Unclear Low Low Low Low Low Low

CAFA,36 1991 VKA Placebo Low Unclear Unclear Unclear Unclear Low Unclear Unclear

SPINAF,371992 VKA Placebo Low Unclear Unclear Unclear Unclear Low Low Unclear

EAFT,38 1993 VKA ASA, placebo Unclear Unclear Low Low Low Low Low Low

SPAF II,39 1994 VKA ASA Low Low Low Low Low Low Low Low

SPAF III,41 1996 VKA ASA Low Low Low Low Low Low Low Low

AFASAK II,42 1998 VKA ASA Low Unclear Low Low Low Low Low Low

PATAF,43 1999 VKA ASA Low Low Low Low Low Low Low Low

SAFT,44 2003 ASA/VKA Control Low Unclear Unclear Unclear Unclear Low Low Unclear

JAST,45 2006 ASA Control Low Low Low Low Low Low Unclear Low

ACTIVE-W,46 2006 VKA ASA+clop Low Unclear Low Low Low Low Low Low

PROTECT-AF,6 2009 Watchman VKA Low Low Unclear Unclear Unclear Low Unclear Unclear

PREVAIL,7 2014 Watchman VKA Low Low Unclear Unclear Unclear Low Unclear Unclear

ASA indicates aspirin; clop, clopidogrel; SSE, stroke or systemic embolism; VKA, vitamin K antagonists.
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Comparative Effectiveness of Interventions to
Prevent Any Stroke or Systemic Embolism
Estimated pair-wise summary effects are presented in Figure 5.
All interventions significantly reduced the risk of any stroke and
systemic embolism as compared to placebo/control.

Importantly, in 6 of 7 interventions (VKA, all 4 NOACs, and
the Watchman), not only 95% CI, but also 95% PrI indicated the
significant benefit of interventions. This suggests that any
future RCTs would likely simply confirm the efficacy of these 6
interventions. However, 95% PrI for aspirin crossed the identity
line, which suggests that future results of RCTs (if ever
conducted) comparing aspirin with placebo/control remain
uncertain. After adjustment for RCT population characteristics
(mean/median CHADS2 score, TTR, and duration of follow-up),
VKA and the 4 NOACs confirmed significant (27% to 77%)
reduction in stroke or systemic embolism in comparison to
placebo/control, whereas the effect of aspirin and the Watch-
man device lost statistical significance (Figure 6).

Compared with aspirin, VKA and NOACs reduced the risk
of stroke or systemic embolism by around 50% to 60%, both in
unadjusted and adjusted analyses. There was no statistically
significant difference in effects of aspirin and the Watchman
device.

No antithrombotic intervention was significantly better
than VKA (Figures 5 and 6). Aspirin was significantly worse
than VKA: The risk of stroke or systemic embolism was twice
as high for patients taking aspirin as compared to patients
taking VKA. There were no statistically significant differences
in effectiveness for each of the 4 NOACs in comparison to one
another (Figures 5 and 6).

Figure 1. Plot of the study network. Nodes show interventions
being compared, and edges represent an available direct comparison
betweenpairs of interventions. Edges are according to the level of bias
in the majority of included studies in each comparison (green=low;
yellow=unclear) and are weighted according to the number of studies
in each comparison. VKA indicates vitamin K antagonists.

Figure 2. Contribution plot for each direct comparison in the network. Percentage contribution of each
direct comparison to the network summary estimates and in the entire network. A bar graph shows the
percentage of information in each network estimate that corresponds to the different levels of the
characteristic. Bars are colored according to bias level (shades of green=low; shades of yellow=unclear),
and their length is proportional to the percentage contribution of each direct comparison to the network
estimates. Api indicates apixaban; ASA, aspirin; Dabi, dabigatran; Edo, edoxaban; P/C, placebo/control;
Riva, rivaroxaban; VKA, vitamin K antagonists; Wat; watchman.
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Comparative Safety of Interventions

Figures 7 and 8 report estimated pair-wise summary effects for
the primary safety outcome. In unadjusted analysis, use of
aspirin, dabigatran, rivaroxaban, and VKA was associated
with the significantly increased rate of major bleeding by
around 2-fold, whereas there was no statistically significant
difference in the rate of major bleeding between the placebo/
control group and apixaban and edoxaban (Figure 7). In
comparison to placebo/control, use of the Watchman device
was associated with the significantly increased rate of major
bleeding by 4-fold, although procedure-related complications

(rather than bleeding) were responsible for the high rate of the
primary safety endpoint in the Watchman LAA occlusion device
group. After adjustment for RCT population characteristics, risk
of major bleeding in all groups of antiembolic interventions,
including risk of procedure -related complications in the
Watchman device group (Figure 8), did not differ significantly
from risk of major bleeding in the placebo/control group.

In unadjusted analysis, rates of major bleeding in patients
receiving VKA and NOACs did not differ. However, after
adjustment for RCT population characteristics, edoxaban
stood out as the safest NOAC, demonstrating the significantly
lower rate of major bleeding, as compared to VKA.

Figure 3. Inconsistency plot for the primary efficacy outcome stroke and systemic embolism (A and B), primary safety outcome major
bleedings (C and D), and secondary efficacy outcome all-cause mortality (E and F) for unadjusted (A, C, and E) and adjusted (B, D, and F)
analyses. Forest plot shows the ratio of two odds ratios (RoR) from direct and indirect evidence in the loop. Confidence intervals are truncated at
zero given that the direction of the inconsistency factor (IF) is unimportant. VKA indicates vitamin K antagonists.
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Figure 4. Comparison-adjusted funnel plots for the primary efficacy outcome stroke and systemic embolism (A and B), primary safety
outcome major bleedings (C and D), and secondary efficacy outcome all-cause mortality (E and F). Unadjusted (A, C, and E) and adjusted (B, D,
and F) network meta-analyses. The horizontal axis shows the difference of each i-study’s estimate y_iXY from the summary effect for the
respective comparison (y_iXY-mu_XY). The vertical axis presents a measure of dispersion of y_iXY. The red line represents the null hypothesis
that the study-specific effect sizes do not differ from the respective comparison-specific pooled effect estimates. The green line is the regression
line. Different colors correspond to different comparisons. VKA indicates vitamin K antagonists.
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Comparative Effectiveness of Interventions on
All-Cause Mortality
Figures 9 and 10 show estimated pair-wise summary effects
for the all-cause mortality. In unadjusted analyses (Figure 9),
all 7 interventions (as compared to placebo/control) robustly
reduced all-cause mortality by 18% to 53%, which was
confirmed for the Watchman device and for NOACs not only
by 95% Cis, but also, importantly, by 95% PrIs. This is
important evidence of a strong life-saving effect of antistroke
therapy in patients with nonvalvular AF. However, 95% PrI for
aspirin crossed the “no effect” line, indicating that the life-
saving effect of aspirin might not be confirmed in future
RCTs, if ever conducted. Aspirin reduced all-cause mortality
by 18%. NOACs and VKA reduced all-cause mortality further
than aspirin by an additional 24% to 29%. Three NOACs
(apixaban, dabigatran, and edoxaban) significantly improved
survival by an additional 10% above VKA effect, whereas the
effect of rivaroxaban was only borderline. However, after

adjustment for RCT population characteristics (Figure 10),
no antiembolic intervention was statistically significantly life
saving.

Ranking of the Interventions on a Single
Outcome
Table 3 reports ranking of the antithrombotic interventions
separately for each outcome. There was no single winner for
the primary efficacy outcome: The probability of being the
best intervention to prevent stroke and systemic embolism
did not exceed 50% (ie, pure chance) for any of the treatment
options. Rivaroxaban was ranked as the best, followed by
dabigatran and apixaban. Adjustment did not change the
ranking. As expected, placebo/control clearly was the safest
“intervention,” with edoxaban being the second safest, both in
unadjusted and adjusted analyses.The Watchman device was
the best life-saving intervention in nonvalvular AF, with a
probability of around 72%.

Placebo/Control          vs VKA
Aspirin
Apixaban
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Aspirin          vs Placebo/Control
Apixaban
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Apixaban          vs Aspirin
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Dabigatran          vs Apixaban
Edoxaban
Rivaroxaban
Watchman

Edoxaban          vs Dabigatran
Rivaroxaban
Watchman

Rivaroxaban          vs Edoxaban
Watchman

Watchman          vs Rivaroxaban

2.65 (2.03,3.46)  (1.69,4.14)
2.00 (1.62,2.46)  (1.33,3.01)
0.82 (0.62,1.10)  (0.52,1.31)
0.78 (0.60,1.01)  (0.50,1.22)
1.00 (0.79,1.27)  (0.65,1.54)
0.72 (0.51,1.00)  (0.43,1.18)
0.95 (0.45,2.02)  (0.39,2.33)

0.75 (0.60,0.95)  (0.49,1.15)
0.31 (0.22,0.45)  (0.18,0.53)
0.29 (0.20,0.43)  (0.17,0.50)
0.38 (0.26,0.54)  (0.22,0.64)
0.27 (0.18,0.42)  (0.15,0.48)
0.36 (0.16,0.80)  (0.14,0.92)

0.41 (0.30,0.56)  (0.26,0.67)
0.39 (0.28,0.55)  (0.24,0.64)
0.50 (0.36,0.69)  (0.31,0.82)
0.36 (0.24,0.53)  (0.21,0.62)
0.48 (0.22,1.04)  (0.19,1.20)

0.95 (0.64,1.40)  (0.55,1.64)
1.21 (0.83,1.77)  (0.71,2.08)
0.87 (0.56,1.36)  (0.48,1.58)
1.15 (0.51,2.59)  (0.44,2.99)

1.28 (0.90,1.83)  (0.76,2.15)
0.92 (0.60,1.41)  (0.52,1.64)
1.22 (0.55,2.71)  (0.47,3.13)

0.72 (0.47,1.08)  (0.41,1.26)
0.95 (0.43,2.10)  (0.37,2.42)

1.33 (0.58,3.04)  (0.50,3.52)

Mean with 95%CI and 95%PrITreatment EffectUnadjusted

.1 .3 1 1.8 4.1

Stroke or Systemic Embolism

Figure 5. Reduction of stroke and systemic embolism. Unadjusted predictive interval plot for the primary efficacy outcome
stroke and systemic embolism, on a logarithmic scale. Solid black lines represent the confidence intervals (CI) for summary odds
ratios for each comparison and the red dashed lines the respective predictive intervals (PrI). The blue line is the line of no effect
(odds ratio equal to 1). VKA indicates vitamin K antagonists.
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Simultaneous Ranking of the Interventions for
Two Primary Outcomes
Clustered ranking plots of the network for each pair of
outcomes are shown in Figure 11. The upper right corner in
Figure 11A and 11C is empty, which means that a treatment
that is both the most effective and the safest does not exist.
Clustered ranking for both primary outcomes (efficacy and
safety) revealed 5 separate clusters (Figure 11A). Apixaban,
dabigatran, and rivaroxaban formed a cluster of “the most
effective and reasonably safe” interventions. The Watchman
device was the single representative of a cluster of “the
most effective and the most dangerous.” VKA and edoxaban
formed a cluster of “reasonably effective and reasonably
safe.” Aspirin formed a separate cluster of “low effective-
ness and moderate safety,” whereas placebo/control repre-
sented “ineffective, but the safest” cluster. Interestingly,
after adjustment, antiembolic interventions formed only 4
clusters (Figure 11C). The Watchman device comprised
an “effective and safe” cluster together with VKA and
edoxaban.

Simultaneous Ranking of the Interventions for
Reduction of Stroke, Systemic Embolism, and
Mortality
Simultaneous ranking of antithrombotic interventions on 2
efficacy outcomes (stroke or systemic embolism and all-cause
mortality) revealed a desired development axis from the worst
to the best intervention. In unadjusted and adjusted analysis
(Figure 11B and 11D), all 4 NOACs and the Watchman device
formed a single cluster of “the most effective and life-saving”
interventions. VKA alone formed a cluster of “moderately
effective” treatment. Aspirin was the single representative of
a “low effectiveness and low safety” cluster. Placebo/control
occupied the lower left corner as completely ineffective.

Sensitivity Analyses
Conducted sensitivity analyses confirmed the robustness of
the reported findings. We repeated analyses after removal of
the (1) studies that used a combination of antithrombotic
interventions (aspirin with stable, low dose of VKA; aspirin

Placebo/Control          vs VKA
Aspirin
Apixaban
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Aspirin          vs Placebo/Control
Apixaban
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Apixaban          vs Aspirin
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Dabigatran          vs Apixaban
Edoxaban
Rivaroxaban
Watchman

Edoxaban          vs Dabigatran
Rivaroxaban
Watchman

Rivaroxaban          vs Edoxaban
Watchman

Watchman          vs Rivaroxaban

2.30 (1.50,3.54)  (1.43,3.70)
1.76 (1.27,2.45)  (1.23,2.53)
0.81 (0.57,1.15)  (0.55,1.19)
0.78 (0.53,1.14)  (0.51,1.18)
1.01 (0.70,1.45)  (0.68,1.50)
0.74 (0.42,1.31)  (0.40,1.39)
0.89 (0.19,4.27)  (0.16,5.01)

0.77 (0.53,1.11)  (0.51,1.15)
0.35 (0.21,0.58)  (0.20,0.61)
0.34 (0.19,0.60)  (0.18,0.64)
0.44 (0.25,0.77)  (0.24,0.81)
0.32 (0.16,0.66)  (0.15,0.71)
0.39 (0.08,1.97)  (0.06,2.32)

0.46 (0.31,0.67)  (0.30,0.69)
0.44 (0.27,0.73)  (0.25,0.77)
0.57 (0.35,0.93)  (0.33,0.98)
0.42 (0.22,0.81)  (0.20,0.87)
0.51 (0.10,2.50)  (0.09,2.94)

0.96 (0.57,1.62)  (0.54,1.71)
1.25 (0.75,2.07)  (0.71,2.18)
0.92 (0.47,1.79)  (0.44,1.92)
1.10 (0.22,5.49)  (0.19,6.47)

1.30 (0.77,2.19)  (0.73,2.32)
0.96 (0.48,1.89)  (0.45,2.03)
1.15 (0.23,5.75)  (0.19,6.78)

0.74 (0.38,1.44)  (0.35,1.54)
0.88 (0.18,4.41)  (0.15,5.20)

1.20 (0.23,6.34)  (0.19,7.52)

Mean with 95%CI and 95%PrITreatment EffectAdjusted

.1 .2 1 2.2 7.4

Stroke or Systemic Embolism

Figure 6. Adjusted predictive interval plot for the primary efficacy outcome stroke and systemic embolism, on a logarithmic
scale. Solid black lines represent the confidence intervals (CI) for summary odds ratios for each comparison and the red dashed
lines the respective PrI. The blue line is the line of no effect (odds ratio equal to 1). PrI indicates predictive intervals; VKA,
vitamin K antagonists.
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with clopidogrel) and (2) studies that used “no treatment”
comparator instead of placebo. Exclusions did not change
estimated effects in the network.

Discussion
Despite the numerous therapeutic interventions evaluated in
previous RCTs to prevent stroke or systemic embolism in the
setting of nonvalvular AF, the majority has not been analyzed
in head-to-head comparisons, with limited NMA.14,15 This void
of comparative data is sorely felt in the medical community,
where clinicians must regularly decide among several thera-
peutic options for stroke prevention in at-risk patients with
nonvalvular AF. In an attempt to address this void, we
conducted an NMA of the 7 available antistroke interventions
and placebo/control. These detailed and comprehensive
analyses derived from nearly 100 000 patients enrolled in
RCTs found moderate-to-high quality evidence to support the
efficacy of all tested interventions (including aspirin, VKA, 4
NOACs, and the Watchman device) for prevention of stroke or
systemic embolism and reduction in all-cause mortality in the

setting of nonvalvular AF. These observations strongly support
the 2014 American Heart Association/American College of
cardiology/Heart Rhythm Society AF guidelines3 that under-
scored individualized therapy for stroke prevention, based on
shared decision making. The NMA indicates that AF patients
at risk of stroke have a choice of 7 antiembolic interventions
(aspirin, VKA, apixaban, dabigatran, edoxaban, rivaroxaban,
and the Watchman LAA occlusion device) that have measur-
able, but nonequivalent, efficacy and safety. Selection of
therapy can be matched to individual patient risks of
thromboembolic and bleeding events and aligned with the
specific pharmacokinetic, pharmacodynamic, and device
characteristics of antiembolic treatments.

Our study confirmed the notion that there is a trade-off
between efficacy and safety of the tested interventions and
that a single most effective and safest intervention does not
exist. In this NMA, rivaroxaban had the highest probability of
being the most effective for prevention of stroke or systemic
embolism. The Watchman device demonstrated solid proba-
bility (72%) of being ranked the most effective life-saving
intervention. Edoxaban showed the highest probability of

Placebo/Control          vs VKA

Aspirin
Apixaban
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Aspirin          vs Placebo/Control
Apixaban
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Apixaban          vs Aspirin
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Dabigatran          vs Apixaban
Edoxaban
Rivaroxaban
Watchman

Edoxaban          vs Dabigatran
Rivaroxaban
Watchman

Rivaroxaban          vs Edoxaban
Watchman

Watchman          vs Rivaroxaban

0.47 (0.22,1.00)  (0.20,1.08)
0.77 (0.53,1.12)  (0.51,1.17)
0.74 (0.54,1.02)  (0.53,1.05)
0.85 (0.65,1.11)  (0.64,1.14)
0.64 (0.46,0.90)  (0.45,0.93)
1.03 (0.68,1.57)  (0.65,1.64)
1.33 (0.46,3.89)  (0.41,4.34)

1.65 (0.77,3.51)  (0.72,3.79)
1.59 (0.71,3.54)  (0.65,3.84)
1.82 (0.81,4.07)  (0.75,4.42)
1.38 (0.60,3.15)  (0.55,3.43)
2.21 (0.92,5.26)  (0.85,5.75)
2.84 (0.76,10.59)  (0.67,12.11)

0.96 (0.63,1.47)  (0.60,1.53)
1.10 (0.70,1.75)  (0.66,1.83)
0.83 (0.51,1.38)  (0.48,1.45)
1.34 (0.76,2.35)  (0.72,2.49)
1.73 (0.55,5.37)  (0.49,6.03)

1.15 (0.76,1.72)  (0.73,1.80)
0.87 (0.55,1.37)  (0.53,1.43)
1.39 (0.82,2.35)  (0.78,2.48)
1.79 (0.59,5.48)  (0.52,6.14)

0.76 (0.50,1.16)  (0.47,1.21)
1.21 (0.74,1.99)  (0.70,2.10)
1.56 (0.52,4.72)  (0.46,5.28)

1.60 (0.94,2.74)  (0.89,2.89)
2.07 (0.67,6.35)  (0.60,7.12)

1.29 (0.41,4.08)  (0.36,4.59)

Mean with 95%CI and 95%PrI
Treatment Effect

.2 .5 1 4.5 12

Major BleedingsAdjusted

Figure 7. Reduction of major bleeding. Unadjusted predictive interval plot for the primary safety outcome major bleedings, on a
logarithmic scale. Solid black lines represent the confidence intervals (CI) for summary odds ratios for each comparison and the
red dashed lines the respective PrI. The blue line is the line of no effect (odds ratio equal to 1). PrI indicates predictive intervals;
VKA, vitamin K antagonists.
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being the safest antithrombotic intervention (after placebo/
control). Thus, NMA did not reveal obvious winners and
confirmed the substantial overlap in the efficacy and safety of
individual treatments. The most meaningful clustered ranking
by 2 efficacy outcomes (stroke or systemic embolism and all-
cause mortality), after adjustment for RCT population charac-
teristics (CHADS2 score, TTR, and duration of follow-up),
revealed that the most effective and safe cluster included all 4
NOACs and the Watchman device. This group may represent
treatments that have the broadest applicability, but our study
does not include any financial considerations or cost-efficacy
analyses.

Aspirin reduced the risk of stroke or systemic embolism by
25% and the risk of death by 18%, but, at the same time,
increased the risk of major bleeding by around 80%. VKA
further (over and above aspirin) reduced the risk of a
thromboembolic event by 50% and risk of all-cause death by
18%. NOACs provided an additional (50% to 60%) reduction of
stroke or systemic embolism risk above aspirin, and around a
25% additional reduction of all-cause mortality, without
increasing risk of major bleeding. The Watchman device
reduced risk of stroke or systemic embolism by around 60%

and risk of death by 54%, as compared to control/placebo, at
the price of a greater risk of postprocedural complications or
major bleeding. An LAA occlusion device is clearly a viable
alternative to anticoagulants, but further technical or proce-
dural advancement is desirable to decrease the rate of
postprocedural complications. Similar to traditional meta-
analysis,8 this NMA finds significant differences in primary
efficacy (rivaroxaban) and safety (edoxaban) outcomes
between VKA and individual NOACs. Importantly, additional
survival benefit (10% above VKA) was demonstrated by 3
NOACs (apixaban, dabigatran, and edoxaban).

The Watchman device is the most recent addition to the
“antiembolic armamentarium.” Indirect unadjusted pair-wise
estimates obtained for the Watchman device in our study are
consistent with a recent NMA.15 We showed that the
Watchman device is significantly more effective than
placebo/control, but there was no evidence to prove that
the Watchman device is more effective than aspirin. The fact
that, after adjustment for RCT population characteristics, the
effect of the Watchman device did not differ from any other
comparator (including placebo/control) is likely an indicator
of an insufficient statistical power of the knowledge base.

Placebo/Control          vs VKA

Aspirin
Apixaban
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Aspirin          vs Placebo/Control
Apixaban
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Apixaban          vs Aspirin
Dabigatran
Edoxaban
Rivaroxaban
Watchman

Dabigatran          vs Apixaban
Edoxaban
Rivaroxaban
Watchman

Edoxaban          vs Dabigatran
Rivaroxaban
Watchman

Rivaroxaban          vs Edoxaban
Watchman

Watchman          vs Rivaroxaban

0.47 (0.22,1.00)  (0.20,1.08)
0.77 (0.53,1.12)  (0.51,1.17)
0.74 (0.54,1.02)  (0.53,1.05)
0.85 (0.65,1.11)  (0.64,1.14)
0.64 (0.46,0.90)  (0.45,0.93)
1.03 (0.68,1.57)  (0.65,1.64)
1.33 (0.46,3.89)  (0.41,4.34)

1.65 (0.77,3.51)  (0.72,3.79)
1.59 (0.71,3.54)  (0.65,3.84)
1.82 (0.81,4.07)  (0.75,4.42)
1.38 (0.60,3.15)  (0.55,3.43)
2.21 (0.92,5.26)  (0.85,5.75)
2.84 (0.76,10.59)  (0.67,12.11)

0.96 (0.63,1.47)  (0.60,1.53)
1.10 (0.70,1.75)  (0.66,1.83)
0.83 (0.51,1.38)  (0.48,1.45)
1.34 (0.76,2.35)  (0.72,2.49)
1.73 (0.55,5.37)  (0.49,6.03)

1.15 (0.76,1.72)  (0.73,1.80)
0.87 (0.55,1.37)  (0.53,1.43)
1.39 (0.82,2.35)  (0.78,2.48)
1.79 (0.59,5.48)  (0.52,6.14)

0.76 (0.50,1.16)  (0.47,1.21)
1.21 (0.74,1.99)  (0.70,2.10)
1.56 (0.52,4.72)  (0.46,5.28)

1.60 (0.94,2.74)  (0.89,2.89)
2.07 (0.67,6.35)  (0.60,7.12)

1.29 (0.41,4.08)  (0.36,4.59)

Mean with 95%CI and 95%PrI
Treatment Effect

.2 .5 1 4.5 12

Major BleedingsAdjusted

Figure 8. Adjusted predictive interval plot for the primary safety outcome major bleedings, on a logarithmic scale. Solid black
lines represent the confidence intervals (CI) for summary odds ratios for each comparison and the red dashed lines the respective
PrI. The blue line is the line of no effect (odds ratio equal to 1). PrI indicates predictive intervals; VKA, vitamin K antagonists.
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Importantly, the Watchman device was ranked as the best life-
saving antiembolic intervention. Moreover, simultaneous
clustered ranking for 2 of the most important outcomes
(primary efficacy and all-cause mortality) included the Watch-
man device together with 4 NOACs in the cluster of most
effective and safe interventions. Clearly, further development
of LAA occlusion devices and techniques is needed. The
EWOLUTION registry recently showed that rate of periproce-
dural strokes and bleedings could be further decreased.47

Future RCTs of LAA occlusion devices are needed to prove the
effectiveness of the LAA occlusion approach given that it
remains unclear whether LAA is a mechanistically essential
structure for stroke development in AF.

Strengths and Limitations
Different RCT population characteristics (especially CHADS2
risk score and TTR) are always of concern when considering
results of a traditional meta-analysis. In this study, we, for the
first time, adjusted for RCT population characteristics, which
improved consistency and homogeneity of the knowledge

base. Unlike in traditional meta-analysis (reporting pair-wise
comparisons as main results), the main results in this NMA
are presented by simultaneous clustered ranking for 2
outcomes. Our study, for the first time, showed that across
all spectrum of stroke risk and regardless of TTR, all 4 NOACs
and the Watchman device are significantly more effective and
life saving.

There are several limitations to the present NMA. The first
is the inclusion of RCTs that tested different doses of
medications. In a previous meta-analysis of NOACs, only high
doses were considered.8 However, we did not observe
heterogeneity of effects associated with the different dosage
of drugs across comparators. There are 2 major reasons for
this finding. First, dosages of all comparators in our study
varied (aspirin, 75–325 mg; VKA target international normal-
ized ratio [INR], 1.4–4.5; apixaban, 2.5–5.0 mg; dabigatran,
110–150 mg; edoxaban, 30–60 mg; rivaroxaban, 15–20 mg).
Second, it must be emphasized that the objectives of NMA
differ from conventional meta-analyses. NMA compared the
effectiveness of individual antithrombotic agents, whereas
traditional meta-analysis considered all NOACs as a group and
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Treatment Effect
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All − Cause Mortality

Figure 9. Reduction of all-cause mortality. Unadjusted predictive interval plot for the secondary efficacy outcome all-cause
mortality, on a logarithmic scale. Solid black lines represent the confidence intervals (CI) for summary odds ratios for each
comparison and the red dashed lines the respective PrI. The blue line is the line of no effect (odds ratio equal to 1). PrI indicates
predictive intervals; VKA, vitamin K antagonists.
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conducted group comparisons. Whereas conventional meta-
analyses summarize evidence from RCTs for a particular
therapeutic intervention, NMA summarizes evidence from
multiple competing interventions simultaneously, informs

clinical practice, and suggests a direction for future research.
Also, the methods applied in this study for adjustment by RTC
population characteristics are novel and therefore should be
interpreted with caution. This NMA did not adjust for rates of
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Figure 10. Adjusted predictive interval plot for the secondary efficacy outcome all-cause mortality, on a logarithmic scale.
Solid black lines represent the confidence intervals (CI) for summary odds ratios for each comparison and the red dashed lines
the respective PrI. The blue line is the line of no effect (odds ratio equal to 1). PrI indicates predictive intervals; VKA, vitamin K
antagonists.

Table 3. Ranking of the Antithrombotic Interventions

Treatment

1° Efficacy: Stroke or Systemic Embolism 1° Safety: Major Bleedings 2° Efficacy: All-Cause Mortality

SUCRA Pr. Best Rank SUCRA Pr. Best Rank SUCRA Pr. Best Rank

U A U A U A U A U A U A U A U A U A

VKA 44.3 47.5 0 0 4.9 4.7 27 21.9 0 0 6.1 6.5 30.7 38.3 0 0 5.8 5.3

Placebo/control 0.2 2.9 0 0 8 7.8 96.4 90.8 81.4 72.2 1.2 1.6 0.4 8 0 0.2 8 7.4

Aspirin 14.6 16.3 0 0 7 6.9 61.2 57.3 0.5 2.4 3.7 4 14.7 27 0 0.3 7 6.1

Apixaban 72 72.5 13.2 13.9 3 2.9 57.4 63.1 3.6 3.9 4 3.6 63 62.8 3.6 6.1 3.6 3.6

Dabigatran 78.9 75.7 21.1 19.5 2.5 2.7 44.3 46.1 1.1 0.7 4.9 4.8 62.2 64.4 2.8 7.4 3.6 3.5

Edoxaban 46.4 49.5 0.6 2 4.8 4.5 74.7 78.1 12.6 16.8 2.8 2.5 65.4 61.1 3.1 5.9 3.4 3.7

Rivaroxaban 86.5 77 46.1 30.4 1.9 2.6 36.5 23.7 0.8 0.4 5.4 6.3 77.1 63.7 18.3 19.8 2.6 3.5

Watchman 57 58.6 19 34.2 4 3.9 2.5 19 0 3.6 7.8 6.7 86.5 74.7 72.2 60.4 1.9 2.8

A indicates adjusted; Pr. Best, probability of being the best; SUCRA, the surface under the cumulative ranking curve; U, unadjusted; VKA, vitamin K antagonists.
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antiplatelet use, which could affect rate of bleeding. Several
included studies were conducted more than 20 years ago
(CHADS2 score was not reported), which added uncertainty in
ability to adjust for study population characteristics, as well as
in applicability and generalizability of the findings. The wide
range of years in which the studies were conducted (the
1990s–2010s) might introduce heterogeneity. To address this
issue, we evaluated the comparison-adjusted funnel plot with
treatments ordered from the oldest to newest (Figure 4). The
study estimates were lying symmetrically around the line of
the meta-analysis summary effect, which suggested no
evidence of earlier-conducted, older-study effects. Of note,
adjustment for RCT population characteristics further
improved the consistency of the network.

Conclusions
In conclusion, the present NMA found that use of all
antiembolic intervention (aspirin, VKA, apixaban, dabigatran,

edoxaban, rivaroxaban, and Watchman device) significantly
reduced all-cause mortality and risk of any stroke or systemic
embolism in nonvalvular AF patients, although to different
degrees. After adjustment for RCT population characteristics,
the highest probability of being the most effective, life-saving
antiembolic intervention cluster included the 4 NOACs and
the Watchman device.
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