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Abstract

Background

Multiple novel oral anticoagulants and left atrial appendage closure devices (WATCHMAN)

have been tested against dose-adjusted vitamin K antagonists in randomized controlled tri-

als for stroke prophylaxis in non-valvular atrial fibrillation. No direct comparisons of these

strategies are available from randomized controlled trials. We conducted the current analy-

ses by combining efficacy and safety characteristics of all FDA approved stroke prophylaxis

treatment strategies for patients with non-valvular atrial fibrillation.

Materials and Methods

We searched SCOPUS from 1945 till October 2015 for randomized controlled trials com-

paring these strategies and reporting efficacy and safety outcomes. Six randomized con-

trolled trials were identified and included in the final analyses and review. We followed

PRISMA guidelines for network meta-analyses while reporting the current analyses. We

collected data on ischemic stroke, major bleeding, and the composite primary safety end-

point as defined by various randomized controlled trials. Network meta-analyses were con-

ducted using consistency and inconsistency models for efficacy and safety outcomes.

Surface under the cumulative ranking curve were then utilized to cluster rank these treat-

ments for safety and efficacy.
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Results

Six randomized controlled trials with 59,627 patients comparing six treatment strategies

were eligible for the analyses. All prophylaxis strategies had comparable rates of ischemic

stroke. Apixaban was associated with the least number of primary safety endpoint events

as compared with all other treatments. In the cluster analyses assessing safety and effi-

cacy, apixaban, edoxaban and dabigatran ranked best followed by vitamin K antagonists

and rivaroxaban, whereas the WATCHMAN left atrial appendage closure device ranked

last.

Conclusions

Dose-adjusted vitamin K antagonists, novel oral anticoagulants, and the WATCHMAN left

atrial appendage closure devices are equally efficacious for ischemic stroke prevention but

these treatments have different safety profiles. More randomized controlled trials are

needed to directly compare these strategies.

Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia with increasing incidence and
prevalence in the community [1]. Atrial fibrillation is a major risk factor for stroke, cardiovas-
cular morbidity, and mortality and contributes significantly to healthcare burden [2, 3].

Oral dose-adjusted vitamin K antagonists have been the mainstay of treatment for stroke
prophylaxis in patients with non-valvular atrial fibrillation. Multiple novel oral anticoagulants
have been tested against dose-adjusted vitamin K antagonists in large randomized controlled
trials in a non-inferiority fashion and are currently approved for clinical practice by the United
States Food and Drug Administration (FDA) [4–7]. The WATCHMAN left atrial appendage
closure device was recently approved by the FDA to reduce the risk of thromboembolism in
patients with non-valvular atrial fibrillation based on the results of two randomized controlled
trials comparing WATCHMAN left atrial appendage closure devices with dose-adjusted vita-
min K antagonists [8–10]. No direct comparisons are available from randomized controlled tri-
als testing the different novel oral anticoagulants against each other or left atrial appendage
closure devices to novel oral anticoagulants. However, multiple meta-analyses have been previ-
ously published comparing novel oral anticoagulants against dose-adjusted vitamin K antago-
nists for either efficacy or safety outcomes [11–16]. These analyses are limited by inclusion of
studies with non-FDA approved doses, pooling of multiple novel oral anticoagulants and dif-
ferent doses as one group, lack of safety outcomes, and non-inclusion of left atrial appendage
closure devices [WATCHMAN (Boston Scientific, Marlborough, MA, U.S.A.)].

The advent of multiple treatment pathways has presented dilemmas for the clinicians with
the choice of strategy (newer pharmacological, i.e., novel oral anticoagulants versus anatomical,
i.e., WATCHMAN left atrial appendage closure devices) and choice of agent (novel oral antico-
agulants versus dose-adjusted vitamin K antagonists) for stroke prophylaxis in non-valvular
atrial fibrillation patients. As direct evidence from randomized controlled trials is lacking, indi-
rect comparisons using systematic network meta-analyses can provide useful complementary
information that may be less biased than the direct evidence [17, 18]. In addition, a scenario
like this provides a unique opportunity to undertake a “trade-off”analysis, which allows for the
comparison of both the safety and efficacy profiles of these strategies. With the aforementioned
objective, we conducted network meta-analyses to compare the efficacy and safety of all FDA
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approved treatment strategies of stroke prevention in atrial fibrillation by synthesizing evi-
dence from available randomized controlled trials comparing novel oral anticoagulants, dose-
adjusted vitamin K antagonists, and left atrial appendage closure devices.

Methods

We report this systematic review and analyses in accordance with Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) extension statement for network meta-
analyses [19, 20]. All phase III randomized controlled trials published between 1966 and Octo-
ber 2015 that compared dose-adjusted vitamin K antagonists with newer treatment strategies,
including novel oral anticoagulants and WATCHMAN devices, were identified. All random-
ized controlled trials reporting data on FDA approved doses of novel oral anticoagulants in the
United States and those that reported ischemic stroke in patients with non-valvular atrial fibril-
lation (regardless of risk profiles and comorbidities) were included. The primary efficacy out-
come of interest for our network meta-analyses was ischemic stroke during follow-up.
Ischemic stroke was defined as persistent clinical neurologic deficit of vascular origin persisting
beyond 24 hours. We used the definition of stroke outlined by the individual trial’s authors
rather than creating our own. In addition, we also extracted data for major bleeding and the
primary safety endpoint. Major bleeding was defined as per the International Society of
Thrombosis and Hemostasis [21]. Data from FDA documents for the WATCHMAN trials
were utilized to calculate the major bleeding events. The primary safety endpoint was defined
as a composite of major bleeding and clinically relevant non-major bleeding in randomized
controlled trials of novel oral anticoagulants and a composite of major bleeding and any
device-related complications in the WATCHMAN left atrial appendage closure device ran-
domized controlled trials. The detailed definitions of these endpoints are presented in S1
Table. Studies comparing dose-adjusted vitamin K antagonists to aspirin/clopidogrel or any
combination thereof were excluded. Studies comparing betrixaban, ximelagatran, idrapari-
naux, triflusal and indobufen to dose-adjusted vitamin K antagonists were also excluded, as
these treatments are not FDA approved in the United States.

Multiple authors (P.A., T.H. and T.T.W.) independently performed an electronic literature
search in SCOPUS using a predefined keywords list. A fourth investigator (N.S.B.) verified the
search results (S1 Section). All English language human studies published in full-text or
abstract forms were eligible for inclusion. After initial abstract review, all potentially relevant
studies pertaining to dose-adjusted vitamin K antagonists, left atrial appendage closure devices,
and novel oral anticoagulants were identified and the full-text publications were retrieved for
detailed evaluation. When more than one publication from the same patient population
existed, the study with the most complete data set was included for the meta-analyses. Further-
more, reference lists of potentially relevant reports and reviews were screened to identify other
eligible studies. We also searched clinicaltrials.gov and FDA websites for public summary data
reported for the included randomized controlled trials. Data quality of the included studies was
assessed by two independent investigators (R.K. and T.H.) using the JADAD Score for ran-
domized controlled trials, which examines the methods of randomization, double blinding,
and the reporting of dropouts [22]. The GRADE guidelines were used to assess the quality of
direct and indirect comparisons [23]. All discrepancies in data extraction were resolved by
mutual consensus. The consensus process to resolve disagreements required investigators to
discuss the decisions with mandatory recognition of errors from one of the reviewers.

Statistical analyses were performed using Stata 14.0 MP (Stata Corp., College Station,
Texas) and study results are reported in accordance with the PRISMA extension statement for
reporting of network meta-analyses [24]. Network meta-analyses were conducted using
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multivariate random effects metaregression to estimate direct and indirect treatment comparisons
by fitting a consistency model [25, 26]. These results were graphically presented using interval
plots and network forest plots as described by White et al, where the estimates from within the
randomized controlled trial and overall network meta-analysis estimates are plotted on a Log
scale [26]. The surface under rankogram curve (SUCRA) statistic was estimated from the consis-
tency modeling and rankograms were plotted for individual treatments for efficacy and safety out-
comes [27]. We subsequently performed cluster analysis, an exploratory data mining technique
for grouping objects, based on their features so that the degree of association is high between
members of the same group and low between members of different groups [28]. The treatment
strategies were cluster ranked based on SUCRA statistic values estimated from the above analyses
to identify best treatment in terms of efficacy and safety, which we termed as “the trade-off”[27].

Results

We included six eligible randomized controlled trials [4–7, 9, 10] (Fig 1) with 59,627 patients
in the analyses (Table 1 and Fig 2, Panel A). The results of this network meta-analysis are pre-
sented in accordance with PRISMA extension statement for reporting of network meta-

Fig 1. Flow diagram for study selection in accordance with PRISMA guidelines.

doi:10.1371/journal.pone.0163608.g001
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analyses (S2 Table). We compared FDA approved doses of novel oral anticoagulants (apixaban
5 mg twice daily, dabigatran 150 mg twice daily, edoxaban 60 mg daily and rivaroxaban 20 mg
daily), WATCHMAN left atrial appendage closure device, and dose-adjusted vitamin K antag-
onists to one another. Dose-adjusted vitamin K antagonist therapy was the common compara-
tor in all studies. The WATCHMAN left atrial appendage closure device was compared to
dose-adjusted vitamin K antagonists in two randomized controlled trials whereas the remain-
ing treatment strategies were each compared to dose-adjusted vitamin K antagonists in a single
randomized controlled trial. The number of patients in the WATCHMAN left atrial appendage
closure device trials was the lowest in comparison with novel oral anticoagulants and dose-
adjusted vitamin K antagonists. Hence the WATCHMAN left atrial appendage closure device
contributed the least to the network of evidence (Fig 2). The mean/median follow-up period of
the trials was 1.5–2.8 years. Based on the JADAD scale, all included studies were categorized as
good to excellent (Table 1). The direct and indirect comparisons among various strategies var-
ied from high quality (++++) to low quality (++) per the GRADE guidelines (S6 Table). The
mean CHADS2 score was>3 in ROCKET-AF whereas the score varied between 2–3 in other
studies (Table 1). The baseline antiplatelet therapy and percentage of time in therapeutic range
in the dose-adjusted vitamin K antagonist arm among studies is presented in Table 2. All stud-
ies reported ischemic stroke, major bleeding, and the primary safety endpoint.

The odds ratios for ischemic stroke rate comparisons for all possible treatment strategies are
presented in S3 Table. All strategies were equivalent in terms of ischemic stroke rates (Fig 3,
Panel A). We plotted rankograms using SUCRA statistics estimated from consistency model-
ing (Fig 4). Dabigatran 150 mg twice daily had the highest probability (~29%) of being the best
strategy for ischemic stroke reduction, whereas dose-adjusted vitamin K antagonists and the

Table 1. Baseline Characteristics of Included Trials.

Study Name/

First Author

[Reference]

Publication

Year

N,

patients

Age

Median/

Mean,

Years

N, Gender

(Male)

N,

Hypertension

N,

Diabetes

N, Heart

Failure

N,

Stroke

CHADS2

(Mean ± 2SD)

Median/

Mean Follow-

up in Years

VKA arm versus Rivaroxaban

ROCKET AF/

Patel[4]

2011 7133/

7131

73/73 4301/

4300

6474/6436 2817/

2878

4441/

4467

3895/

3916

3.46±0.95/3.48

±0.94

1.9yr

VKA arm versus Apixaban

ARISTOTLE/

Granger[5]

2011 9081/

9120

70/70 5899/

5886

7954/7962 2263/

2284

3216/

3235

1790/

1748

2.1±1.1/2.1±1.1 1.8yr

VKA arm versus Dabigatran

RE-LY/Connolly

[6]

2009 6022/

6076

72/72 3809/

3840

4750/4795 1410/

1402

1922/

1934

1195/

1233

2.1±1.1/2.2±1.1 2.0yr

VKA arm versus Edoxaban

ENGAGE

AF-TIMI 48/

Giugliano[7]

2013 7036/

7034

72/72 4395/

4304

6588/6575 2521/

2544

4048/

3979

1991/

2006

2.8±1.0/2.8±1.0 2.8yr

VKA arm versus WATCHMAN

PROTECT AF/

Reddy[9]

2009 244/463 73/72 171/326 220/413 72/113 66/124 49/82 *2.3/2.2 4.0yr

PREVAIL/Holmes

[10]

2014 138/269 75/74 103/182 134/238 41/91 32/63 39/74 2.6±1.0/2.6±1.0 2.2yr

Legend: VKA = Dose-adjusted Vitamin K antagonists.

* = Mean CHADS2 was reported as categorical variable and mean was calculated by using standard formulae.

JADAD Score: 0–2: poor quality, 3–4: good quality, 5: excellent quality.

doi:10.1371/journal.pone.0163608.t001
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WATCHMAN left atrial appendage closure device (~4%) had the lowest probabilities of being
the best strategy for ischemic stroke reduction.

The odds ratios for major bleeding comparisons for all possible treatment strategies (novel
oral anticoagulants, WATCHMAN left atrial appendage closure device, and dose-adjusted
vitamin K antagonists) are presented in S4 Table. Apixaban had significantly lower rates of
major bleeding events than dose-adjusted vitamin K antagonists, dabigatran, and rivaroxaban.
Edoxaban had significantly lower major bleeding events than dose-adjusted vitamin K antago-
nists and rivaroxaban. Apixaban, edoxaban, and the WATCHMAN left atrial appendage clo-
sure device had a similar rate of major bleeding events (Fig 3, Panel B). Apixaban 5 mg twice
daily had the highest probability (~86%) whereas dose-adjusted vitamin K antagonists and riv-
aroxaban had the lowest probability (~0%) of being the best strategy for the lowest major
bleeding events (Fig 4).

The odds ratios to compare the incidence of the composite primary safety endpoint between
all possible treatment strategies are presented in S5 Table. Apixaban 5 mg twice daily appeared
superior to all strategies with the lowest odds of primary safety events (Fig 3, Panel C). Apixa-
ban 5 mg twice daily had the highest probability (~99.8%) of being the best strategy for the low-
est primary safety endpoint (Fig 4).

Fig 2. Panel A: Network plot for the stroke prophylaxis network, Panel B: Network pattern for the stroke prophylaxis network,

Panel C: Contribution plot for the stroke prophylaxis network. The size of each square is proportional to the weight attached to each

direct summary effect (horizontal axis) for the estimation of each network summary effects (vertical axis). The numbers re-express the

weights as percentages. VKA = Dose-adjusted vitamin K antagonists.

doi:10.1371/journal.pone.0163608.g002
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Cluster ranking based on SUCRA statistic values for ischemic stroke and primary safety
endpoint were used to provide the hierarchical clusters for the six active treatments. Cluster
ranking revealed that the cluster containing apixaban, edoxaban, and dabigatran was the best

Table 2. Baseline Medication Use of Included Trials.

Study Name/First

Author [Reference]

Comparison N, VKA/

Treatment

N, Aspirin Use

at Baseline

N, VKA at Baseline Prior

to Randomization

N, Thienopyridine Use

at Baseline

TTR in VKA Arm

(mean/median %)

ROCKET AF/ Patel[4] VKA versus

rivaroxaban

7133/7131 2619/2586 4461/4443 - 55

ARISTOTLE/ Granger

[5]

VKA versus

apixaban

9081/9120 2773/2859 5193/5208 168/ 170 62

RE-LY/ Connolly[6] VKA versus

dabigatran

6022/6076 2442/2352 2929/3049 - 64

ENGAGE AF-TIMI 48/

Giugliano[7]

VKA versus

edoxaban

7036/7034 2070/2092 4138/4140 164/174 68

PROTECT AF/ Reddy

[9]

VKA versus

WATCHMAN

244/463 NR/463* 145/254 -* 66

PREVAIL/ Holmes[10] VKA versus

WATCHMAN

138/269 NR NR -* 68

Legend:— = Not reported, N = Number, TTR = Time in therapeutic range, VKA = Dose-adjusted Vitamin K antagonists.

* = All patients in the device group received VKA up to 45 days. After that, if there was no evidence of residual left atrial appendage or device peri-leak on

transesophageal echocardiography, then the patients were switched to aspirin and clopidogrel for six months after which only aspirin 325mg daily dose was

continued for the remainder of the follow-up.

doi:10.1371/journal.pone.0163608.t002

Fig 3. Interval plot for ischemic stroke in the stroke prophylaxis network. Panel A: Ischemic Stroke, Panel B: Major Bleeding, Panel C: Primary Safety

Endpoint. The solid black lines represent the confidence intervals for summary odds ratios for each comparison. The blue line is the line of no effect (odds

ratio equal to 1). VKA = Dose-adjusted vitamin K antagonists.

doi:10.1371/journal.pone.0163608.g003
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ranked cluster, followed by the cluster containing dose-adjusted vitamin K antagonists and riv-
aroxaban, whereas the cluster containing WATCHMAN left atrial appendage closure device
was ranked the worst (Fig 5).

The direct evidence estimates for the vitamin K antagonists versus novel anticoagulants for
all outcomes are quite precise. This is likely due to the large numbers of patients in the trials
comparing vitamin K antagonists to novel oral anticoagulants (S1–S3 Figs). However, the
WATCHMAN to vitamin K antagonists comparison direct evidence estimates are obtained
from smaller and heterogeneous trials (S1–S3 Figs). This leads to imprecision and to the
downgrading of GRADE evidence of these estimates from 4 to 3 (S6 Table).

Discussion

Our systematic review and network meta-analyses highlight the diverse risk profiles and signif-
icant differences in the composite primary safety endpoint and major bleeding associated with
various stroke prophylaxis strategies for patients with non-valvular atrial fibrillation. Overall,

Fig 4. Surface under the cumulative ranking curve plots for all treatments in the stroke prophylaxis network. Panel A: Rankogram for Ischemic

Stroke, Panel B: Rankogram for Major Bleeding, Panel C: Rankogram for Primary Safety Endpoint. VKA = Dose-adjusted vitamin K antagonists.

doi:10.1371/journal.pone.0163608.g004
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all treatment strategies were similar in terms of ischemic stroke rates, which was the primary
efficacy outcome of our analysis. Apixaban had lower odds of major bleeding events than dose-
adjusted vitamin K antagonists, dabigatran, and rivaroxaban. Moreover, apixaban was the best
among all available treatments for reducing the overall primary composite safety endpoint,
which included rates of major bleeding. Furthermore, in our systematic network meta-analyses,
we also report cluster analyses in order to establish a hierarchy for the most efficacious and safe
treatment in non-valvular atrial fibrillation patients. These analyses revealed that the cluster
containing apixaban, edoxaban, and dabigatran was the best-ranked cluster, followed by the
dose-adjusted vitamin K antagonists and rivaroxaban cluster. The cluster containing the
WATCHMAN left atrial appendage closure device was ranked the lowest.

The findings of our analysis may have several explanations. We observed similar rates of the
primary efficacy outcome, ischemic stroke rate, among novel oral anticoagulants and anatomi-
cal (WATCHMAN left atrial appendage closure devices) treatment strategies when compared
with dose-adjusted vitamin K antagonists and against each other (Fig 3, Panel A). This finding
may be explained by the fact that interrupting the coagulation cascade by pharmacological
agents or placing the WATCHMAN left atrial appendage closure device would be equally effi-
cacious in preventing thrombus formation and subsequent thrombus embolization.

The odds of major bleeding were significantly lower with apixaban and edoxaban, as com-
pared to dose-adjusted vitamin K antagonists (Fig 3, Panel B). This can be partly explained by

Fig 5. Clustered ranking plot of the stroke prophylaxis network. This plot is based on cluster analysis of SUCRA values for

efficacy and safety. Each color represents a group of treatments that belong to the same cluster. Treatments lying in the upper

right corner are more effective and safe than the other treatments. VKA = Dose-adjusted vitamin K antagonists.

doi:10.1371/journal.pone.0163608.g005
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the fact that apixaban is a Factor Xa inhibitor with bleeding rates that have been shown to be
comparable to aspirin in non-valvular atrial fibrillation patients [29]. Although, rivaroxaban is
also a factor Xa inhibitor, we found no differences in the major bleeding rates when compared
to dose-adjusted vitamin K antagonists. One possible explanation could be the fact that the
ROCKET-AF trial enrolled patients with the mean CHADS2 score>3, unlike other novel oral
anticoagulant trials (Table 1) [4]. Quantitatively, the CHADS2 score has been significantly cor-
related with higher bleeding risk in population studies [30].

Apixaban, dabigatran, and edoxaban had a significantly favorable primary safety endpoint
profile (which was defined as a composite of major and clinically relevant non-major bleeding
for the novel anticoagulants) when compared with dose-adjusted vitamin K antagonists. Apix-
aban was superior to all available treatment options including the anatomical strategy
(WATCHMAN left atrial appendage closure device) where the primary safety endpoint was a
composite of major bleeding and device-related complications (Fig 3, Panel C). The lower inci-
dence of the primary safety endpoint in the anatomical strategy (WATCHMAN left atrial
appendage closure device) was primarily driven by the higher rate of peri-procedural complica-
tion rates in the WATCHMAN left atrial appendage closure device randomized controlled tri-
als [9, 10]. Major bleeding rates for the anatomical strategy (WATCHMAN left atrial
appendage closure device) were similar to the newer pharmacological (novel oral anticoagu-
lants) and dose-adjusted vitamin K antagonists, likely due to a smaller number of patients in
the device trials and possibly due to use of dose-adjusted vitamin K antagonists in the device
arm being limited to the first two months after WATCHMAN left atrial appendage closure
device implantation.

Overall, our findings align with those reported in previously published network meta-analy-
ses [11–16]. However, our analyses also add numerous important findings to the literature.
Firstly, we included all stroke prophylaxis strategies (most notably, WATCHMAN left atrial
appendage closure devices) and compared them by rankograms in terms of efficacy and safety.
Our cluster-ranking analysis has helped to identify the most efficacious and safe strategies.
This is of clinical utility as there are multiple FDA approved stroke prophylaxis strategies in
patients with non-valvular atrial fibrillation. We also present detailed evidence networks and
data derived from FDA Public Summary Documents [31]. Our network meta-analyses also
adhere to the most recent PRISMA and GRADE reporting standards (S2 and S6 Tables).

Currently, the stroke prophylaxis guidelines [32] and literature lack the evidence to compare
the stroke prophylaxis strategies in terms of efficacy and safety. With the “trade-off”analysis,
we have shown that the six available treatments (four novel oral anticoagulants, WATCHMAN
left atrial appendage closure devices, and dose-adjusted vitamin K antagonists) can be grouped
into three distinct clusters (Fig 5). These three clusters are based on the probabilities of being
the most efficacious and safe for patients with non-valvular atrial fibrillation from available
randomized controlled trials data to date. Our analysis also highlights the need to rank these
strategies from an efficacy and safety standpoint with direct randomized comparisons in
future.

There are several limitations with the analysis we employed. Drawbacks of meta-analyses,
in general, are well known. The additional limitations of network meta-analyses may include
inconsistency and the complex geometry of networks [33]. We did not observe any statistical
inconsistencies and the geometry of our network of evidence was not complex. Nonetheless,
we emphasize that current clinical decision-making for stroke prophylaxis in patients with
non-valvular atrial fibrillation is often based on incomplete evidence, and large head-to-head
randomized trials comparing pharmacology (novel oral anticoagulants) and anatomical
(WATCHMAN left atrial appendage closure devices) strategies do not exist and are not fore-
seeable in the near future. Secondly, there is notable heterogeneity in the patients and the study
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characteristics among the included randomized controlled trials in our analysis. However, the
small number of randomized controlled trials that were eligible for inclusion limits any addi-
tional analyses that can be conducted to account for heterogeneity in the absence of patient-
level data. Thirdly, the randomized controlled trials comparing WATCHMAN left atrial
appendage closure devices to dose-adjusted vitamin K antagonists are very small relative to
randomized controlled trials comparing novel oral anticoagulants to dose-adjusted vitamin K
antagonists. We observed heterogeneity between the two randomized controlled trials compar-
ing this approach. Consequently, we reported random effect estimates in our analysis, which
may be more conservative. We also note that the left atrial appendage closure strategy in the
WATCHMAN trials required use of dual anti-platelet therapy for at least six months after
device implantation. We acknowledge that it is difficult to tease out the influence of dual anti-
platelet therapy use in WATCHMAN arm on our results, given the lack of a landmark analysis.
Finally, despite the use of robust hierarchical clusters and rankograms, our results should not
be used to draw causal or mechanistic inferences given the indirect nature of several compari-
sons. Clinical judgment should prevail in selecting the most beneficial strategy as well as
therapy.

Conclusions

Novel oral anticoagulants and anatomical strategies (WATCHMAN left atrial appendage closure
devices) are all equally effective for ischemic stroke prevention when compared to dose-adjusted
vitamin K antagonists but with different safety profiles. The trade-off between safety and efficacy
should be the driving force while individualizing strategy as well as choice of therapy in non-val-
vular atrial fibrillation patients. Hierarchical ranking of the available treatments, as presented in
our analysis, can serve as a useful clinical tool to guide selection of therapy in patients with non-
valvular atrial fibrillation when deciding between dose-adjusted vitamin K antagonists, novel oral
anticoagulants and the WATCHMAN left atrial appendage closure device.

Supporting Information

S1 Fig. Network Forest Plot for Ischemic Stroke.
(DOCX)

S2 Fig. Network Forest Plot for Major Bleeding.
(DOCX)

S3 Fig. Network Forest Plot for Primary Safety Endpoint.
(DOCX)

S4 Fig. Network Funnel Plot.
(DOCX)

S1 Section. Search Strategy.
(DOCX)

S1 Table. Definitions.
(DOCX)

S2 Table. PRISMA Checklist for Network Meta-Analyses.
(DOCX)

S3 Table. LeagueTable for LogOdds Ratio for Ischemic Stroke ComparisonsEstimated by
ConsistencyModeling
(DOCX)

Comparison of Stroke Prophylaxis in NVAF

PLOS ONE | DOI:10.1371/journal.pone.0163608 October 5, 2016 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s008


S4 Table. LeagueTable for LogOdds Ratio for Major BleedingComparisonsEstimated by
ConsistencyModeling.
(DOCX)

S5 Table. LeagueTable for LogOdds Ratio for Primary Safety Endpoint ComparisonsEsti-
mated by ConsistencyModeling.
(DOCX)

S6 Table. Quality Assessment of Comparisons in Accordance with GRADEGuidelines.
(DOCX)

Acknowledgments

This work was supported in part by the Walter B. Frommeyer, Junior Fellowship in Investiga-
tive Medicine that was awarded to Dr. Pankaj Arora.

Author Contributions

Conceptualization:NB PA.

Data curation:RK TH.

Formal analysis:NB.

Funding acquisition: PA.

Investigation:NB RK NP.

Methodology:NB.

Project administration:RK NB.

Resources:RK PA.

Software:NB.

Supervision:PA NB.

Validation: RK NP.

Visualization:NB PA RK.

Writing – original draft:NB PA RK HG SA TW.

Writing – review& editing:NB PA RK MA DM TP GA SL NL.

References
1. Schnabel RB, Yin X, Gona P, Larson MG, Beiser AS, McManus DD, et al. 50 year trends in atrial fibril-

lation prevalence, incidence, risk factors, and mortality in the Framingham Heart Study: a cohort study.

Lancet. 2015; 386(9989):154–62. Epub 2015/05/12. doi: 10.1016/S0140-6736(14)61774-8 PMID:

25960110; PubMed Central PMCID: PMC4553037.

2. Koton S, Schneider AL, Rosamond WD, Shahar E, Sang Y, Gottesman RF, et al. Stroke incidence and

mortality trends in US communities, 1987 to 2011. JAMA. 2014; 312(3):259–68. Epub 2014/07/17. doi:

10.1001/jama.2014.7692 PMID: 25027141.

3. Bajaj NS, Bhatia V, Sanam K, Ather S, Hashim T, Morgan C, et al. Impact of atrial fibrillation and heart

failure, independent of each other and in combination, on mortality in community-dwelling older adults.

Am J Cardiol. 2014; 114(6):909–13. Epub 2014/09/12. doi: 10.1016/j.amjcard.2014.05.045 PMID:

25208562.

Comparison of Stroke Prophylaxis in NVAF

PLOS ONE | DOI:10.1371/journal.pone.0163608 October 5, 2016 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0163608.s011
http://dx.doi.org/10.1016/S0140-6736(14)61774-8
http://www.ncbi.nlm.nih.gov/pubmed/25960110
http://dx.doi.org/10.1001/jama.2014.7692
http://www.ncbi.nlm.nih.gov/pubmed/25027141
http://dx.doi.org/10.1016/j.amjcard.2014.05.045
http://www.ncbi.nlm.nih.gov/pubmed/25208562


4. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al. Rivaroxaban versus warfarin in

nonvalvular atrial fibrillation. N Engl J Med. 2011; 365(10):883–91. Epub 2011/08/13. doi: 10.1056/

NEJMoa1009638 PMID: 21830957.

5. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, et al. Apixaban versus war-

farin in patients with atrial fibrillation. N Engl J Med. 2011; 365(11):981–92. Epub 2011/08/30. doi: 10.

1056/NEJMoa1107039 PMID: 21870978.

6. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et al. Dabigatran versus war-

farin in patients with atrial fibrillation. N Engl J Med. 2009; 361(12):1139–51. Epub 2009/09/01. doi: 10.

1056/NEJMoa0905561 PMID: 19717844.

7. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, et al. Edoxaban versus war-

farin in patients with atrial fibrillation. N Engl J Med. 2013; 369(22):2093–104. Epub 2013/11/21. doi:

10.1056/NEJMoa1310907 PMID: 24251359.

8. WATCHMAN LAA Closure Technology. Available: http://www.accessdata.fda.gov/cdrh_docs/pdf13/

p130013a.pdf. Accessed 4 November 2015.

9. Reddy VY, Sievert H, Halperin J, Doshi SK, Buchbinder M, Neuzil P, et al. Percutaneous left atrial

appendage closure vs warfarin for atrial fibrillation: a randomized clinical trial. JAMA. 2014; 312

(19):1988–98. Epub 2014/11/17. doi: 10.1001/jama.2014.15192 PMID: 25399274.

10. Holmes DR Jr., Kar S, Price MJ, Whisenant B, Sievert H, Doshi SK, et al. Prospective randomized

evaluation of the Watchman Left Atrial Appendage Closure device in patients with atrial fibrillation ver-

sus long-term warfarin therapy: the PREVAIL trial. J Am Coll Cardiol. 2014; 64(1):1–12. Epub 2014/07/

07. doi: 10.1016/j.jacc.2014.04.029 PMID: 24998121.

11. Dentali F, Riva N, Crowther M, Turpie AG, Lip GY, Ageno W. Efficacy and safety of the novel oral anti-

coagulants in atrial fibrillation: a systematic review and meta-analysis of the literature. Circulation.

2012; 126(20):2381–91. Epub 2012/10/17. doi: 10.1161/CIRCULATIONAHA.112.115410 PMID:

23071159.

12. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD, et al. Comparison

of the efficacy and safety of new oral anticoagulants with warfarin in patients with atrial fibrillation: a

meta-analysis of randomised trials. Lancet. 2014; 383(9921):955–62. Epub 2013/12/10. doi: 10.1016/

S0140-6736(13)62343-0 PMID: 24315724.

13. Cameron C, Coyle D, Richter T, Kelly S, Gauthier K, Steiner S, et al. Systematic review and network

meta-analysis comparing antithrombotic agents for the prevention of stroke and major bleeding in

patients with atrial fibrillation. BMJ Open. 2014; 4(6):e004301. Epub 2014/06/04. doi: 10.1136/

bmjopen-2013-004301 PMID: 24889848; PubMed Central PMCID: PMC4054633.

14. Lip GY, Larsen TB, Skjoth F, Rasmussen LH. Indirect comparisons of new oral anticoagulant drugs for

efficacy and safety when used for stroke prevention in atrial fibrillation. J Am Coll Cardiol. 2012; 60

(8):738–46. Epub 2012/05/12. doi: 10.1016/j.jacc.2012.03.019 PMID: 22575324.

15. Bajaj NS, Parashar A, Agarwal S, Sodhi N, Poddar KL, Garg A, et al. Percutaneous left atrial append-

age occlusion for stroke prophylaxis in nonvalvular atrial fibrillation: a systematic review and analysis

of observational studies. JACC Cardiovasc Interv. 2014; 7(3):296–304. Epub 2014/03/22. doi: 10.

1016/j.jcin.2013.11.010 PMID: 24650403.

16. Koifman E, Lipinski MJ, Escarcega RO, Didier R, Kiramijyan S, Torguson R, et al. Comparison of

Watchman device with new oral anti-coagulants in patients with atrial fibrillation: A network meta-anal-

ysis. Int J Cardiol. 2016; 205:17–22. Epub 2015/12/29. doi: 10.1016/j.ijcard.2015.11.181 PMID:

26709135.

17. Song F, Altman DG, Glenny AM, Deeks JJ. Validity of indirect comparison for estimating efficacy of

competing interventions: empirical evidence from published meta-analyses. BMJ. 2003; 326

(7387):472. Epub 2003/03/01. doi: 10.1136/bmj.326.7387.472 PMID: 12609941; PubMed Central

PMCID: PMCPmc150178.

18. Song F, Harvey I, Lilford R. Adjusted indirect comparison may be less biased than direct comparison

for evaluating new pharmaceutical interventions. J Clin Epidemiol. 2008; 61(5):455–63. Epub 2008/04/

09. doi: 10.1016/j.jclinepi.2007.06.006 PMID: 18394538.

19. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al. The PRISMA statement

for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:

explanation and elaboration. PLoS Med. 2009; 6(7):e1000100. Epub 2009/07/22. doi: 10.1371/journal.

pmed.1000100 PMID: 19621070; PubMed Central PMCID: PMCPmc2707010.

20. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, et al. The PRISMA extension

statement for reporting of systematic reviews incorporating network meta-analyses of health care inter-

ventions: checklist and explanations. Ann Intern Med. 2015; 162(11):777–84. Epub 2015/06/02. doi:

10.7326/m14-2385 PMID: 26030634.

Comparison of Stroke Prophylaxis in NVAF

PLOS ONE | DOI:10.1371/journal.pone.0163608 October 5, 2016 13 / 14

http://dx.doi.org/10.1056/NEJMoa1009638
http://dx.doi.org/10.1056/NEJMoa1009638
http://www.ncbi.nlm.nih.gov/pubmed/21830957
http://dx.doi.org/10.1056/NEJMoa1107039
http://dx.doi.org/10.1056/NEJMoa1107039
http://www.ncbi.nlm.nih.gov/pubmed/21870978
http://dx.doi.org/10.1056/NEJMoa0905561
http://dx.doi.org/10.1056/NEJMoa0905561
http://www.ncbi.nlm.nih.gov/pubmed/19717844
http://dx.doi.org/10.1056/NEJMoa1310907
http://www.ncbi.nlm.nih.gov/pubmed/24251359
http://www.accessdata.fda.gov/cdrh_docs/pdf13/p130013a.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf13/p130013a.pdf
http://dx.doi.org/10.1001/jama.2014.15192
http://www.ncbi.nlm.nih.gov/pubmed/25399274
http://dx.doi.org/10.1016/j.jacc.2014.04.029
http://www.ncbi.nlm.nih.gov/pubmed/24998121
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.115410
http://www.ncbi.nlm.nih.gov/pubmed/23071159
http://dx.doi.org/10.1016/S0140-6736(13)62343-0
http://dx.doi.org/10.1016/S0140-6736(13)62343-0
http://www.ncbi.nlm.nih.gov/pubmed/24315724
http://dx.doi.org/10.1136/bmjopen-2013-004301
http://dx.doi.org/10.1136/bmjopen-2013-004301
http://www.ncbi.nlm.nih.gov/pubmed/24889848
http://dx.doi.org/10.1016/j.jacc.2012.03.019
http://www.ncbi.nlm.nih.gov/pubmed/22575324
http://dx.doi.org/10.1016/j.jcin.2013.11.010
http://dx.doi.org/10.1016/j.jcin.2013.11.010
http://www.ncbi.nlm.nih.gov/pubmed/24650403
http://dx.doi.org/10.1016/j.ijcard.2015.11.181
http://www.ncbi.nlm.nih.gov/pubmed/26709135
http://dx.doi.org/10.1136/bmj.326.7387.472
http://www.ncbi.nlm.nih.gov/pubmed/12609941
http://dx.doi.org/10.1016/j.jclinepi.2007.06.006
http://www.ncbi.nlm.nih.gov/pubmed/18394538
http://dx.doi.org/10.1371/journal.pmed.1000100
http://dx.doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/pubmed/19621070
http://dx.doi.org/10.7326/m14-2385
http://www.ncbi.nlm.nih.gov/pubmed/26030634


21. Schulman S, Kearon C. Definition of major bleeding in clinical investigations of antihemostatic medici-

nal products in non-surgical patients. J Thromb Haemost. 2005; 3(4):692–4. Epub 2005/04/22. doi: 10.

1111/j.1538-7836.2005.01204.x PMID: 15842354.

22. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, et al. Assessing the quality

of reports of randomized clinical trials: is blinding necessary? Control Clin Trials. 1996; 17(1):1–12.

Epub 1996/02/01. doi: 10.1016/0197-2456(95)00134-4 PMID: 8721797.

23. Puhan MA, Schunemann HJ, Murad MH, Li T, Brignardello-Petersen R, Singh JA, et al. A GRADE

Working Group approach for rating the quality of treatment effect estimates from network meta-analy-

sis. BMJ. 2014; 349:g5630. Epub 2014/09/26. doi: 10.1136/bmj.g5630 PMID: 25252733.

24. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews

and meta-analyses: the PRISMA statement. PLoS Med. 2009; 6(7):e1000097. doi: 10.1371/journal.

pmed.1000097 PMID: 19621072; PubMed Central PMCID: PMC2707599.

25. Lu G, Ades AE. Combination of direct and indirect evidence in mixed treatment comparisons. Stat

Med. 2004; 23(20):3105–24. Epub 2004/09/28. doi: 10.1002/sim.1875 PMID: 15449338.

26. White IR. Multivariate random-effects meta-regression: Updates to mvmeta. Stata Journal. 2011; 11

(2):255–70.

27. Chaimani A, Higgins J, Mavridis D, Spyridonos P, Salanti G. Graphical tools for network meta-analysis

in STATA. PloS one. 2013; 8(10):e76654. doi: 10.1371/journal.pone.0076654 PMID: 24098547

28. Romesburg HC. Cluster analysis for researchers: Learning Publications; 1985.

29. Connolly SJ, Eikelboom J, Joyner C, Diener HC, Hart R, Golitsyn S, et al. Apixaban in patients with

atrial fibrillation. N Engl J Med. 2011; 364(9):806–17. Epub 2011/02/12. doi: 10.1056/

NEJMoa1007432 PMID: 21309657.

30. Marcucci M, Lip GY, Nieuwlaat R, Pisters R, Crijns HJ, Iorio A. Stroke and bleeding risk co-distribution

in real-world patients with atrial fibrillation: the Euro Heart Survey. Am J Med. 2014; 127(10):979–86

e2. Epub 2014/05/20. doi: 10.1016/j.amjmed.2014.05.003 PMID: 24838192.

31. FDA Executive summary. Prepared for the October 8, 2014 meeting of the Circulatory System Devices

Panel. Available: http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/

MedicalDevices/MedicalDevicesAdvisoryCommittee/CirculatorySystemDevicesPanel/UCM417199.

pdf. Accessed 4 November 2015.

32. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC Jr., et al. 2014 AHA/ACC/HRS

guideline for the management of patients with atrial fibrillation: a report of the American College of Car-

diology/American Heart Association Task Force on Practice Guidelines and the Heart Rhythm Society.

J Am Coll Cardiol. 2014; 64(21):e1–76. Epub 2014/04/02. doi: 10.1016/j.jacc.2014.03.022 PMID:

24685669.

33. Cipriani A, Higgins JP, Geddes JR, Salanti G. Conceptual and technical challenges in network meta-

analysis. Ann Intern Med. 2013; 159(2):130–7. Epub 2013/07/17. doi: 10.7326/0003-4819-159-2-

201307160-00008 PMID: 23856683.

Comparison of Stroke Prophylaxis in NVAF

PLOS ONE | DOI:10.1371/journal.pone.0163608 October 5, 2016 14 / 14

http://dx.doi.org/10.1111/j.1538-7836.2005.01204.x
http://dx.doi.org/10.1111/j.1538-7836.2005.01204.x
http://www.ncbi.nlm.nih.gov/pubmed/15842354
http://dx.doi.org/10.1016/0197-2456(95)00134-4
http://www.ncbi.nlm.nih.gov/pubmed/8721797
http://dx.doi.org/10.1136/bmj.g5630
http://www.ncbi.nlm.nih.gov/pubmed/25252733
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://dx.doi.org/10.1002/sim.1875
http://www.ncbi.nlm.nih.gov/pubmed/15449338
http://dx.doi.org/10.1371/journal.pone.0076654
http://www.ncbi.nlm.nih.gov/pubmed/24098547
http://dx.doi.org/10.1056/NEJMoa1007432
http://dx.doi.org/10.1056/NEJMoa1007432
http://www.ncbi.nlm.nih.gov/pubmed/21309657
http://dx.doi.org/10.1016/j.amjmed.2014.05.003
http://www.ncbi.nlm.nih.gov/pubmed/24838192
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/CirculatorySystemDevicesPanel/UCM417199.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/CirculatorySystemDevicesPanel/UCM417199.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/CirculatorySystemDevicesPanel/UCM417199.pdf
http://dx.doi.org/10.1016/j.jacc.2014.03.022
http://www.ncbi.nlm.nih.gov/pubmed/24685669
http://dx.doi.org/10.7326/0003-4819-159-2-201307160-00008
http://dx.doi.org/10.7326/0003-4819-159-2-201307160-00008
http://www.ncbi.nlm.nih.gov/pubmed/23856683

