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NewOral Anticoagulants and the Risk

of Intracranial Hemorrhage

Traditional and Bayesian Meta-analysis

andMixed Treatment Comparison of Randomized Trials

of NewOral Anticoagulants in Atrial Fibrillation

Saurav Chatterjee, MD; Partha Sardar, MD; Giuseppe Biondi-Zoccai, MD; Dharam J. Kumbhani, MD, SM, MRCP

IMPORTANCE Randomized studies have shown a decreased risk of intracranial hemorrhage

(ICH) with use of novel oral anticoagulants (NOACs). However, it is unclear whether the

magnitude of benefit is similar for all NOACs currently available.

OBJECTIVE To perform a systematic review andmeta-analysis to quantitatively assess the

rates of ICHwithin the framework of both conventional and Bayesian statistics.

DATA SOURCES TheMEDLINE, CENTRAL, CINAHL, and EBSCO databases, supplemented

with conference abstracts, were searched up to December 1, 2012, with no language

restriction.

STUDY SELECTION Randomized trials comparing NOACs vs a comparator and reporting on ICH

events.

DATA EXTRACTION AND SYNTHESIS The NOACswere pooled to perform a comparisonwith all

comparators and among themselves in both traditional frequentist and Bayesian

random-effects models using vague priors andMarkov chain Monte Carlo simulation with

Gibbs sampling, calculating pooled odds ratios and associated 95% confidence intervals as

well as numbers needed to treat and 95% credible intervals for the Bayesian analysis.

MAIN OUTCOMES ANDMEASURES Intracranial hemorrhage events associatedwith NOACs in

comparison with comparators, expressed as odds ratios.

RESULTS Six studies (1 administering dabigatran etexilate mesylate, 2 administering

rivaroxaban, and 3 administering apixaban) enrolling a total of 57 491 patients were included

for analysis. The NOACs significantly reduced the risk of ICH against all comparators (odds

ratio = 0.49; 95% CI, 0.36-0.65). Each of the 3 drugs reduced the risk of ICH, with Bayesian

indirect comparison analysis not revealing a significant credible difference between the

specific medications.

CONCLUSIONS AND RELEVANCE Novel oral anticoagulants are uniformly associated with an

overall reduced risk of ICHwhen used for stroke prevention in atrial fibrillation. Any of the

currently available NOACs can be considered first line for patients at high risk for ICH.
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I
ntracranial hemorrhage (ICH) is arguably themost devas-

tating complication of anticoagulation therapy with war-

farin sodium in patients with atrial fibrillation (AF).1,2 It

translates into high mortality rates and is responsible for se-

veredisabilityand long-termmorbidity.1,2 Individual trialswith

novel oral anticoagulants (NOACs) have shown lower rates of

ICH with NOACs.3-8 Three NOACs are currently approved for

stroke prevention in AF: dabigatran etexilate mesylate, riva-

roxaban, and apixaban. The absolute and relative effective-

ness of these 3 NOACs in the prevention of ICH is unknown.

We performed conventional and Bayesian analyses to evalu-

ate the approvedNOACs inpatientswithAF for the riskof ICH.

Methods

Data Sources and Searches

The following search algorithmwas used for MEDLINE:

1. “randomized controlled trial”.pt.

2. (random$ or placebo$ or single blind$ or double-blind$ or

triple blind$).ti,ab.

3. (retraction of publication or retracted publication).pt.

4. or/1-3

5. (animals not humans).sh.

6. ((comment or editorial or meta-analysis or practice-

guidelineor reviewor letter or journal correspondence) not

“randomized controlled trial”).pt.

7. (randomsampl$ or randomdigit$ or randomeffect$ or ran-

dom survey or random regression).ti,ab. not “randomized

controlled trial”.pt.

8. ((oral or direct) adj3 thrombin inhibitor$).ti,ab.

9. ((factor$ or antifactor$) adj3 (Xa inhibitor$ or drug$)).ti,ab.

10. (apixaban or eliquis).ti,ab.

11. BMS-562247-01.mp.

12. (dabigatran or pradaxa or pradax or prazaxa).ti,ab.

13. EC3-4-21-5.mp.

14. (rivaroxaban or xarelto).ti,ab.

15. BAY59-7939.mp.)

It was modified and adapted for search of the CENTRAL,

CINAHL, and EBSCO databases and supplemented with

searches in conference abstract books and on http://www

.clinicaltrials.gov. The searcheswereperformedup toDecem-

ber 1, 2012,withno language restriction. Reference lists of ap-

propriate review articles and of the original retrieved studies

were searched to identify studiespotentiallymissedby theda-

tabase searches (eFigure 1 in Supplement).

Study Selection

Two of us (S.C. and P.S.) performed independent article re-

viewand studyquality assessment per Cochrane criteria.9We

included randomized trials that compared NOACs with con-

ventional anticoagulants, aspirin, or placebo for stroke pre-

vention in patients with AF. Both double-blind and open-

label trial designswere eligible for inclusion (as our intentwas

to assess for ICH rates with use of NOACs—a safety end point

reported in the individual trials).ThePreferredReporting Items

for Systematic Reviews and Meta-analyses (PRISMA) state-

ment for reporting of systematic reviews and meta-analyses

of randomized clinical trials was followed for the protocol of

ourmeta-analysis.10Events on intracranial bleedingwere col-

lected for the NOACs and the comparators for the individual

trials.

Data Extraction andQuality Assessment

Two physician-reviewers (S.C. and P.S.) independently ex-

tracted data from relevant published articles after determin-

ing the eligibility for inclusion. Disagreements regarding data

incorporation were resolved by consensus among all of us.

Methodsspecified in theCochraneHandbook forSystematicRe-

views of Interventions9 were followed for objective assess-

ment of the included trials. We extracted data from pub-

lished sources regarding total number of treated patients,

durationof follow-up, anddrugs for the intervention andcon-

trol groups. The occurrence of the following end point(s) was

abstracted according to the intention-to-treat population for

individual trials and separately for the study drug and con-

trol drug(s): ICHand/orhemorrhagic stroke. Thedefinition for

each end point was as per the individual trial(s) as refer-

enced. Risk of bias for individual trials was assessed as per

Cochrane metrics.9

In a further attempt to delineate the exact sites and types

of ICH, we further stratified ICH events into intracerebral, in-

traparenchymal, or intraventricular hemorrhages (to identify

thebleeds into thebrain) andepidural, subdural, or subarach-

noid hemorrhages (to identify bleeds occurring outside the

brain parenchyma).

Data Synthesis and Analysis

TheNOACswerepooled toperformacomparisonwithall com-

parators and among themselves in both a traditional frequen-

tist framework and Bayesian random-effects models (as ap-

propriate for conservative assessment of varied clinical

moieties using data from published sources) using vague pri-

ors (to account for a wide variation among the baseline vari-

ables in the study subjects) and Markov chain Monte Carlo

simulation andGibbs samplingwith RevMan version 5.1 soft-

ware (CochraneIMS)andWinBUGSversion1.4.3software (MRC

BiostatisticsUnit), respectively,while calculatingpooledodds

ratios andassociated95%confidence intervals aswell asnum-

bers needed to treat and 95% credible intervals for the Bayes-

ian analysis. The Cochrane metrics for performing a meta-

analysis and the PRISMA statement10 were followed. The

CochranQ test and theHiggins I2 testwere used for heteroge-

neity testing.6 A Cochran Q P < .10 and I2 > 50%were consid-

ered indicative of significant heterogeneity. We also created

funnel plots graphically showing the logarithm of the stan-

darderror and theeffect size to evaluatepublicationbias. Sen-

sitivity analyseswereplanned to identify the sourceofhetero-

geneity by exclusion of 1 trial at a time to assess the effect on

the pooled odds. We also performed a traditional pairwise

meta-analysis of the subgroupsof ICHeventswithbleeds into

the brain parenchyma and outside the brain parenchyma,

where reported, in an attempt to note any deviation from the

results of the overall outcomes.

For the Bayesian random-effects analysis, vague or non-

informative priors were used to yield results that are not too
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different from conventional statistical analysis. We checked

and confirmed convergence and lack of autocorrelation after

a 10 000-simulation burn-in phase. Finally, we based direct

probability statements on an additional 500 000-simulation

phase to identify the best and most representative data, as-

suming comparable interstudy variances for all treatment ef-

fects for the same outcomes.We used deviance and the devi-

ance informationcriteriontoappraisemodel fit.Multiarmtrials

(eg, the studybyConnolly et al3)were explicitly accounted for

in themodel by taking into account the correlation among the

effectestimates for thepairsofarms.Zero totalevent trialswere

accounted for in themodel by applying the standard continu-

ity correction of 0.5 in both arms.

Results

We retrieved 6 studies (1 administering dabigatran,3 2 admin-

istering rivaroxaban,4,6 and 3 administering apixaban5,7,8)

with NOACs being compared against 2 comparators (warfarin

and aspirin), enrolling a total of 57 491 patients with certain

differences in baseline variables and bias risk (Table 1, and

eFigure 2 and eTable in Supplement). The mean time in the

therapeutic range was 61.2% for warfarin overall for the

pooled analysis, the minimum duration of follow-up was 12

weeks, and the maximum follow-up was 2 years. The NOACs

significantly reduced the risk of ICH against all comparators

(odds ratio = 0.49; 95% CI, 0.36-0.65) (Figure). No significant

heterogeneity was identified with the frequentist analysis

(I2 = 45%). Most of the heterogeneity was attributable to

inclusion of the ROCKET AF trial4 (residual I2 = 4% on exclu-

sion of the ROCKET AF trial). Each of the 3 NOACs signifi-

cantly reduced the risk of ICH, with Bayesian analysis not

revealing a statistically significant difference between the

specific medications. (Absolute risk of ICH was 0.52% for

dabigatran etexilate mesylate [for combined 110-mg and

150-mg doses], 0.78% for rivaroxaban, and 0.52% for apixa-

ban vs 1.24% for warfarin). We also found that the lower dose

of dabigatran (currently not approved in the United States for

stroke prevention in AF) had a rate of bleeding numerically

comparable to aspirin (81-324 mg) (0.45% vs 0.46%, respec-

tively; median numbers needed to treat, 29.32 vs 39.60,

respectively) when compared in a Bayesian framework

(Table 2).

Table 1. Baseline Characteristics

Source

Study Drug Control Drug
Time in

Therapeutic
Range, %

Duration
of Therapy

Male, % Mean Age, y

Drug Dosage Drug Dosage
Study
Drug

Control
Drug

Study
Drug

Control
Drug

Connolly et al,3

2009
Dabigatran
etexilate
mesylate
(n = 12 091)

110 or 150
mg twice
daily

Warfarin
(n = 6022)

INR
2.0-3.0a

64b 2.0 yc 63.7 63.3 71.4 71.6

Patel et al,4 2011 Rivaroxaban
(n = 7081)

20 mg once
daily

Warfarin
(n = 7090)

INR
2.0-3.0a

55b 590 dc 60.3 60.3 73c 73c

Granger et al,5

2011
Apixaban
(n = 9120)

5 mg twice
daily

Warfarin
(n = 9081)

INR
2.0-3.0a

62.2b 1.8 yc 64.5 65 70c 70c

Hori et al,6 2012 Rivaroxaban
(n = 640)

15 mg once
daily

Warfarin
(n = 640)

INR
2.0-3.0a

65 71 and 69 wk 82.9 78.2 71 71.2

Ogawa et al,7

2011
Apixaban
(n = 48)

2.5 or 5 mg
twice daily

Warfarin
(n = 74)

INR
2.0-3.0a

60 12 wk 83.7 81.1 69.6 71.7

Connolly et al,8

2011
Apixaban
(n = 2808)

5 mg twice
daily

Aspirin
(n = 2791)

81-324
mg/d

NA 1.1 yb 59 58 70 70

Abbreviations: INR, international normalized ratio; NA, not applicable.

a In trials comparing novel oral anticoagulants against warfarin sodium, the

dosage of the warfarin was adjusted tomaintain an INR as recorded here.

bMean value.

c Median value.

Figure. Odds Ratios of Intracranial HemorrhageWith Use of Novel Oral Anticoagulants

Weight,

%

Favors

NOACs

Favors

Comparators

0.01 101.00.1

Odds Ratio, M-H, Random (95% CI)

NOACs, No.

Source

Odds Ratio,

M-H, Random

(95% CI)

28.0Granger et al,5 2011

0.8Ogawa et al,7 2011

10.0Connolly et al,8 2011

28.0Connolly et al,3 2009

6.2Hori et al,6 2012

27.1

Events

52

0

11

63

5

55

186

Total

9088

143

2808

12 091

639

7061

31 830

Comparator, No.

Events

122

1

13

87

10

84

317

Total

9052

75

2791

6022

639

7082

25 661

Patel et al,4 2011

Heterogeneity:τ2 = 0.05; χ2
5 = 9.13 (P = .10); I2 = 45%

Test for overall effect: Z = 4.87, P <.001

100.0Total (95% CI)

0.42 (0.30-0.58)

0.17 (0.01-4.30)

0.84 (0.38-1.88)

0.36 (0.26-0.49)

0.50 (0.17-1.46)

0.65 (0.46-0.92)

0.49 (0.36-0.65)

M-H indicates Mantel-Haenszel; NOACs, novel oral anticoagulants.
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In an exploratory subgroup analysis, we found that the

rates of ICH events were reduced with the use of NOACs irre-

spective of the site of the bleed (intracerebral, intraparenchy-

mal, or intraventricular: odds ratio = 0.42, 95% CI, 0.18-1.00;

epidural, subdural, or subarachnoid:odds ratio = 0.54,95%CI,

0.34-0.85), with the subgroup difference not being statisti-

cally significant (P = .64) (eFigure 3 in Supplement).

Discussion

In this systematic review of 6 randomized clinical trials, we

found that comparedwithwarfarin, all 3 NOACs significantly

reduced the riskof ICH.Bayesian analysesdidnot reveal a sta-

tistically significant difference between thenewer agents.We

also found that the lowerdoseof dabigatran (currentlynot ap-

proved in the United States for stroke prevention in AF) had a

rate of bleeding numerically comparable to aspirin. We also

foundaconsistently reducedrateof ICHeventswithuseofNO-

ACs regardless of the site of the bleed into or outside the brain

parenchyma.

The results fromour frequentist andBayesiananalyses are

well validated internally and externally. Acquiring data only

fromwell-designed, randomized trialsofNOACs for strokepre-

vention inAF identifies a patient population forwhich our re-

sults are most likely to be of significant relevance and pro-

vides external validity of our approach. For the traditional

pairwise analysis, our data followed a formulated hypothesis

and a detailed search strategy, and the studies combined did

notexhibit significantstatisticalheterogeneityonpooledanaly-

sis. Use of random-effects models to account for anticipated

differences in the individual trials and consistency and direc-

tionalityof theoutcomesnoted inour sensitivity analyses cor-

roborate internal validity of the approach. For theBayesian in-

direct treatmentanalyses,aside fromtheearlier-statedreasons,

multiple repeated simulations and assessment of conver-

gence using deviance information criteria affirm the accu-

racy of the results. Similarly, congruence of the results from

the Bayesian analysis with the frequentist outcomes affirms

the validity.

The exact mechanism for the lower rate of intracranial

bleeding with the NOACs compared with warfarin is un-

known.Targeting a single site rather thanmultiple sites in the

coagulation cascade with NOACs might be a probable expla-

nation (as dabigatran is a direct thrombin inhibitor, while ri-

varoxaban and apixaban are factor Xa antagonists). Another

factor that might contribute to this beneficial effect is that in

contrast towarfarin,NOACshavenodirecteffecton factorVIIa.

Modest time in the therapeutic range (mean 61.2% overall in

these trials) is also a concernwithwarfarinuse, althoughmost

of the“real-world”data indicate that thispercentage is themost

realistically achievable in regular clinical practice.

Our findings have implications for clinical decision mak-

ing, and our analysis suggests that any of the currently avail-

able NOACs are reasonable choices when risk of ICH is a con-

sideration.Previousmeta-analyseshaveattempted toevaluate

the combined effects of all NOACs against warfarin in the re-

duction of ICH risk in patients with AF and have reported a

lower risk of ICH with NOACs compared with warfarin.11 In-

direct comparisonanalyses also attempted toevaluate the risk

of ICHwith data from only 3 trials.12,13 However, effect of the

individual NOACs in a Bayesian framework has not been re-

ported with due importance to the relative estimates of the

agents against awider groupofpharmacologically active com-

paratorsandaccounting for thedifferences in thebaselinevari-

ables of the different trials. The comparable rate of intracra-

nial bleeding riskwith low-dose dabigatran and aspirin is also

a significant finding andmay suggest a need for additional re-

searchwithdabigatran etexilatemesylate, 110mg, as an alter-

native to aspirin.

As inothermeta-analyses, our analysis haspotential limi-

tations. There were differences in study population, proto-

col, intervention, and duration of follow-up across the in-

cludedtrials.Thesedifferencesmayhave influencedtheresults

despiteourbestefforts toadjust for thesebyusingawide range

of noninformative priors and multiple simulations showing

convergence of the results. Analysis of the different compo-

nents of intracranial bleeding such as intracerebral, subarach-

noid, and subdural hemorrhages could not be evaluated ow-

ing to a paucity of reported data. However, we attempted to

overcomethese limitationsby includinga largesamplesizeand

consequent increased power in the context of the traditional

frequentist analysis, while the influence on the overall re-

sultsof thebaselinedifferencesasnotedearlier is likely tohave

been minimized with the large number of simulations in the

Bayesian analysis.

Conclusions

Novel oral anticoagulants are associated with an overall re-

duced risk of ICHwhenused for strokeprevention inAF. They

should be considered first line for patients at high risk for ICH

without anycredibledifferences among the individual agents.

Table 2. Numbers Needed to Treat in ComparisonWithWarfarin Sodium for the Prevention

of Intracranial Hemorrhage

Drug

NNT vs Warfarin Sodium

Median 2.5% CrI 97.5% CrI

Dabigatran etexilate mesylate, 110 mg 29.32 6.56 130.20

Dabigatran etexilate mesylate, 150 mg 34.53 7.57 156.80

Rivaroxaban 59.11 10.98 348.10

Apixaban 35.07 7.85 157.20

Aspirin 39.60 −188.60 376.30
Abbreviations: CrI, credible interval;

NNT, number needed to treat.
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