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Rivaroxaban and risk of myocardial infarction: insights
from a meta-analysis and trial sequential analysis
of randomized clinical trials
Saurav Chatterjeea, Abhishek Sharmab, Ken Uchinoc,
Giuseppe Biondi-Zoccaie, Edgar Lichsteinb and Debabrata Mukherjeed

Objective To evaluate the risk of myocardial infarction

(MI) associated with the use of rivaroxaban.

Methods We searched PubMed, CINAHL, Cochrane

CENTRAL, Scopus, and the Web of Science for randomized

controlled trials of rivaroxaban that reported on MI as

clinical outcomes. We express the associations

as odds ratios and their 95% confidence intervals. A trial

sequential analysis was carried out to ensure validity of

our findings.

Results Nine trials were selected (N = 53 827), including

one study on stroke prophylaxis in atrial fibrillation, two

in acute coronary syndrome, four of short-term prophylaxis

of deep venous thrombosis, and two for treatment of deep

venous thrombosis/pulmonary embolism. Control arms

included warfarin, enoxaparin, or placebo administration.

Rivaroxaban was associated with a significantly lower

risk of MI compared with the agents used in the

control group (odds ratio, 0.82; 95% confidence interval,

0.72–0.94; P = 0.004). No heterogeneity was noted in the

risk (I2 = 0%; P = 0.55); trial sequential analysis reinforced

the validity of our findings.

Conclusion Rivaroxaban is associated with

a significantly lower risk of MI in a broad spectrum

of patients when tested against different controls. Coron
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Introduction
Patients with unstable angina and myocardial infarction

(MI) show marked thrombin generation and have

increased coagulation system activity even months after

clinical stabilization, hence resulting in post-acute

coronary syndrome (ACS) ischemic complications [1].

Platelet aggregation and thrombus formation are the key

steps in the pathogenesis of most of these complications,

and addition of antiplatelet and antithrombotic drugs has

been shown to improve clinical outcomes [2–8]. These

drugs have synergistic action as they act on different

targets and have different mechanisms of action [2–8].

Although significant reduction in the ischemic event rate

has been reported with standard dual antiplatelet therapy

with aspirin and thienopyridine, the annual rate of post-

ACS ischemic complications (including stroke, MI, and

even death) still remains as high as 10% [2].

Because of high ischemic complication rates despite

standard therapy, addition of oral anticoagulation with

warfarin to standard therapy has been proposed. Although

initial data were encouraging, subsequent follow-up

studies reported higher rates of bleeding complication

without conferring any cardiovascular benefit with the

addition of warfarin [9–12]. Thus, the search for a better

anticoagulation option in ACS continues. Recently, newer

classes of anticoagulation have been introduced; most

notable among them are direct thrombin inhibitor and

factor Xa inhibitor. Dabigatran is the first direct thrombin

inhibitor initially approved by the European Medicine

Agency for prophylaxis of venothromboembolism in

surgical patients and the latter by the FDA (USA) for

prevention of stroke and systemic embolism in nonvalv-

ular atrial fibrillation (AF) on the basis of the results of

the RE-LY trial (Randomized Evaluation of Long-term

Anticoagulant Therapy). Recently, Uchino and Hernan-

dez [13] reported a higher risk of ACS with the use of

dabigatran in their meta-analysis, hence raising concerns

on the use of dabigatran.

Rivaroxaban is an oral factor Xa inhibitor with high

bioavailability. Its anticoagulation action is more consis-

tent and predictable than warfarin, and because of once a

day dosing, it has good compliance [14,15]. In a multi-

center, randomized, double-blind ROCKET AF trial (the

Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition

Compared with Vitamin K Antagonism for Prevention of

Stroke and Embolism Trial in Atrial Fibrillation), rivaro-

xaban was found to be noninferior to warfarin for the

prevention of stroke or systemic embolism in patients
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with nonvalvular AF and was associated with a lower rate

of fatal bleeding [16]. It has also been reported that the

rate of MI trended lower in the rivaroxaban arm [16]. A

subsequent ATLAS ACS TIMI 51 trial (Acute Coronary

Syndrome Thrombolysis in Myocardial Infarction 51) also

showed a reduction in cardiovascular mortality and rate of

MI with rivaroxaban [17], although the reduction in

mortality was best appreciable in the lower dose arm of

rivaroxaban. Rivaroxaban has also been successfully

studied in various randomized clinical trials and recom-

mended for prophylaxis of venous thromboembolic events

in surgical patients [18–21]. In the present meta-analysis,

we systematically evaluated the risk of MI with the use of

rivaroxaban for several clinical indications and against

various control arms.

Methods
PubMed, EMBASE, CINAHL, Scopus, the Web of

Science, and Cochrane register of Controlled Clinical

Trials (CENTRAL) were searched for randomized trials

evaluating the safety and efficacy of rivaroxaban that

reported on MIs as a secondary outcome. The search

terms rivaroxaban or BAY 59-7939 (name for rivaroxaban

in development) and randomized clinical trial or rando-

mized trial or controlled clinical trial were used (last

updated on 11 December 2012). Pertinent trials were also

searched in clinicaltrials.gov and major international

cardiology meetings (American College of Cardiology,

American Heart Association, European Society of Cardio-

logy, Transcatheter Cardiovascular Therapeutics). Refer-

ences of original and review articles were cross-checked.

Study selection was carried out by two independent

reviewers (S.C., A.S.), with divergences resolved by

consensus. Citations were first scanned at the title/

abstract level. Shortlisted studies were then retrieved in

full text. They were considered suitable for inclusion if

reporting on randomized trials, comparing rivaroxaban

with a comparator, and reported rates of MI. Nonrando-

mized studies were excluded.

Abstraction and appraisal

Data abstraction and study appraisal were carried out by

two independent reviewers (S.C., A.S.), with divergences

resolved by consensus. Key study and patient character-

istics were extracted, including the following outcomes,

reported at the longest available follow-up according to

intention-to-treat principles: (a) MI (as defined by the

individual primary publications) and (b) cardiovascular

mortality.

Review Manager 5.1 (The Nordic Cochrane Centre, The

Cochrane Collaboration, Copenhagen, Denmark) and trial

sequential analysis (TSA) (Copenhagen Trial Unit) were

used for analysis. The outcomes were assessed using

random-effects models initially, to exclude the presence

of significant heterogeneity (evaluated and quantified

with the I2 statistic), and then pooled random-effects

(Der-Simonian and Laird) odds ratios (ORs) were

calculated with 95% confidence intervals (CIs). Publica-

tion bias was ascertained by visual inspection of funnel

plots and the regression test of Egger.

Trial sequential analysis

In a single trial, interim analyses increase the risk of type

I error. To avoid an increase in the overall type I error,

monitoring boundaries can be applied to decide whether

a single randomized trial could be terminated early

because of the P value being sufficiently small. Because

no reason exists why the standards for a meta-analysis

should be less rigorous than those for a single trial,

analogous trial sequential monitoring boundaries can be

applied to meta-analysis as TSA [22,23]. Cumulative

meta-analyses of trials are at risk of producing random

errors because of few data and repetitive testing of

accumulating data, and because the requirement for the

amount of information analogous to the sample size of a

single optimally powered clinical trial might not be

met [22,24].

The underlying assumption for TSA is that significance

testing and calculation of the CIs are performed each

time a new trial is published. TSA depends on the

quantification of the required amount of information. In

this context, the smaller the required amount, the more

lenient the TSA, thus the more lenient the criteria for

significance [22,23]. A required diversity (D2)-adjusted

information size was calculated, D2 being the relative

variance reduction when the meta-analysis model is changed

from a random-effects to a fixed-effect model [23]. D2 is

the percentage of the variability between trials and

constitutes the sum of the variability between trials.

It is an estimate of sampling error after consideration

of the required information size. D2 is different from the

intuitively obvious adjusting factor on the basis of

the common quantification of heterogeneity, the incon-

sistency (I2), which might underestimate the required

information size [23].

The TSA was carried out with a desire to maintain an

overall 5% risk of type I error, being the standard in most

meta-analyses and systematic reviews, and we calculated

the required information size (i.e. the meta-analysis

information size needed to detect or reject an interven-

tion effect of a 20% relative risk reduction for benefit

with a risk of type II error of 10%, at a power of

90%) [22–25].

Results
Our MEDLINE search returned 73 studies. After

elimination of duplicate results, the EMBASE and

Cochrane and the other registries did not return any

additional studies, leaving 73 studies for evaluation.

Through a review of titles and abstracts, 44 studies

were rejected for relevance. The remaining 11 articles
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were reviewed and assessed for satisfaction of the

inclusion or exclusion criteria. The nine studies that

fulfilled all criteria were included in this analysis (Fig. 1).

We used the total event rates associated with all dosages

of rivaroxaban in individual studies, when more than one

dose of rivaroxaban was used in a trial.

Study characteristics

Trials were varied with respect to inclusion and exclusion

criteria, with a few key differences (Table 1). Among the

comparators in the different trials, rivaroxaban was

compared against enoxaparin only or followed by warfarin

in six trials [18–21,27,28], against placebo in two

trials [17,26], and against warfarin in one trial [16].

Trial quality

We used the published standard criteria for reporting of

randomized clinical trials studies (PRISMA) [29] check-

list to select the studies for this review (Fig. 1). Among

the nine trials included, all were low bias risk trials as

assessed by the Cochrane risk of bias evaluation tool

(section 8.5 in the Cochrane handbook) [30].

Primary outcome

We identified nine articles [16–21,26–28], accounting for

53 827 participants who fulfilled our inclusion and

exclusion criteria. Rivaroxaban was significantly asso-

ciated with a lower risk of MI compared with the agents

used in the comparator groups (OR, 0.82; 95% CI,

0.72–0.94; P = 0.004). Risks were not heterogeneous

(I2 = 0%; P = 0.55) (Fig. 2). There was no appreciable

publication bias on inspection of the funnel plot or with

the regression test of Egger (two-tailed P = 0.54).

A cumulative meta-analysis was carried out to identify

the influence of outliers, which showed a consistent

association of rivaroxaban with reduced MI.

Secondary outcome

Rivaroxaban was significantly associated with a lower risk

of cardiovascular mortality compared with the agents

used in the comparator groups (OR, 0.84; 95% CI,

Fig. 1
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0.72–0.97; P = 0.02). Risks were not heterogeneous

(I2 = 0%; P = 0.73) (Fig. 3).

Trial sequential analysis

The required diversity (D2 = 0%)-adjusted information

size for the outcome of MI was calculated on the basis

of a proportion of 1.91% events in the control group

and evaluating for a 20% relative risk reduction

with rivaroxaban at a= 5% and b= 10% (90% power).

The cumulative z curves (calculated using both the

conventional test boundary and the law of the iterated

logarithm method [25]) crossed the trial sequential

monitoring boundary of superiority, suggesting robust

evidence of a decreased risk of MI with rivaroxaban

compared with controls (Fig. 4). This is similar to interim

analyses in a single trial, where monitoring boundaries are

used to decide whether a trial could be terminated early

when a P value is sufficiently small to show the

Table 1 Baseline characteristics of studies

Trial names
(duration of follow-
up) Rivaroxaban arm Comparator arm Inclusion criteria Exclusion criteria

ATLAS ACS TIMI
46 [26]
(6 months)
(N = 3491)

Three dose tiers were tested in stratum
1 (5, 10, and 20 mg) and four dose
tiers were tested in stratum 2 (5, 10,
15, and 20 mg); given once or twice
daily

Placebo [1148
(99�0%)]; on aspirin
[940 (81�0%)]

ACS or a TIMI risk score of 3 or
more

Hemoglobin concentration <100 g/l, a
platelet count <90 000/ml of blood, or a
history of any intracranial hemorrhage,
warfarin use, planned PCI, concomitant
severe disease

ATLAS ACS 2 TIMI
51 [17]
(31 months)
(N = 15 342)

2.5 mg or 5.0 mg of rivaroxaban; given
twice daily

Placebo [5108
(98.7%)]; on aspirin
[4811 (92.9%)]; on
thienopyridine

Adults with ACS and those <55
years of age had either diabetes
mellitus or a previous myocardial
infarction in addition to the index
event

A platelet count <90 000/mm3, a
hemoglobin level <10 g/dl, or a
creatinine clearance <30 ml/min
at screening; clinically significant
gastrointestinal bleeding within 12
months before randomization; previous
intracranial hemorrhage; and previous
ischemic stroke or transient ischemic
attack in patients who were taking both
aspirin and thienopyridine

RECORD 1 [18]
(36 days)
(N = 4433)

Once-daily oral rivaroxaban 10 mg
tablets

40 mg of enoxaparin
sodium
administered
subcutaneously

18 years of age who were
scheduled to undergo elective
total hip arthroplasty

Staged, bilateral hip arthroplasty, pregnant
or breastfeeding, had active bleeding or
a high risk of bleeding, or had a
contraindication for prophylaxis with
enoxaparin or a condition that might
require an adjusted dose of enoxaparin

RECORD 2 [19]
(31–39 days)
(N = 2457)

Once-daily oral rivaroxaban 10 mg
tablets

Subcutaneous
injections of
enoxaparin sodium
40 mg once daily

Patients, aged Z18 years, who
were scheduled to undergo
elective total hip arthroplasty

Staged, bilateral hip arthroplasty, pregnant
or breastfeeding, had active bleeding
or a high risk of bleeding, or had a
contraindication for prophylaxis with
enoxaparin or a condition that might
require an adjusted dose of enoxaparin

RECORD 3 [20]
(31–39 days)
(N = 2459)

Once-daily oral rivaroxaban 10 mg tablet Once-daily injection of
enoxaparin sodium
40 mg

Z18 years of age and were
scheduled for total knee
arthroplasty

Active bleeding or a high risk of bleeding
that contraindicated the use of low-
molecular-weight heparin and patients
with any contraindication to the use
of enoxaparin

RECORD 4 [21]
(30–35 days)
(N = 3148)

10 mg once daily oral rivaroxaban Subcutaneous
injections of 30 mg
enoxaparin sodium
every 12 h

Adults scheduled for total knee
arthroplasty

Active bleeding or a high risk of bleeding
that contraindicated the use of low-
molecular-weight heparin and patients
with any contraindication to the use of
enoxaparin

ROCKET AF [16]
(30–35 days)
(N = 14 236)

Rivaroxaban 20 mg daily or 15 mg daily
in patients with a creatinine clearance
of 30–49 ml/min

Warfarin (target INR
2.0–3.0)

Nonvalvular atrial fibrillation, as
documented on
electrocardiography, who were at
moderate-to-high risk for stroke

Increased cardiac or hemorrhage risk, or
serious medical illness, or allergies to
the study drugs

EINSTEIN-
DVT [27]
(N = 3449)

Rivaroxaban 15 mg twice daily for 3
weeks, then 20 mg daily

Enoxaparin 1 mg/kg
twice daily for Z5
days, then warfarin
with target INR
2.0–3.0

Acute, symptomatic, objectively
confirmed proximal DVT, without
symptomatic pulmonary
embolism

Therapy with low-molecular-weight
heparin, fondaparinux, or unfractionated
heparin for >48 h, if they had been
treated with thrombectomy, a vena cava
filter or a fibrinolytic agent for the current
episode of thrombosis

EINSTEIN-PE [28]
(N = 4832)

Rivaroxaban (15 mg twice daily for 3
weeks, followed by 20 mg once daily)
for 3, 6, or 12 months

Standard therapy with
enoxaparin followed
by an adjusted dose
of vitamin K
antagonist

Acute, symptomatic pulmonary
embolism with objective
confirmation, with or without
symptomatic deep-vein
thrombosis

Low-molecular-weight heparin,
fondaparinux, or unfractionated heparin
for >48 h or if they had received more
than a single dose of a vitamin K
antagonist before randomization; if
thrombectomy had been performed, a
vena cava filter placed, or a fibrinolytic
agent administered for current episode

ACS, acute coronary syndrome; AF, atrial fibrillation; DVT, deep venous thrombosis; INR, international normalized ratio; PCI, percutaneous coronary intervention;
PE, pulmonary embolism; TIMI, thrombolysis in myocardial infarction.
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anticipated effect. Our analysis indicates statistically

significant superiority for the association of rivaroxaban

with a reduced rate of MI, even without the inclusion of

the largest ACS trial [17], when conventional monitoring

boundaries are considered. After adjustment with the law

of the iterated logarithm method [25] and inclusion of the

data from ATLAS ACS 2 TIMI 51 [17], the association of

rivaroxaban with reduced rates of MI persisted.

Discussion
Our meta-analysis indicates a consistent and significantly

lower risk of MIs and cardiovascular mortality with the

use of rivaroxaban across a wide range of indications and

against different comparators such as warfarin, enoxapar-

in, and placebo. On the basis of this, rivaroxaban appears

especially attractive for stroke prevention in patients at a

high risk of cardiovascular adverse events [31]. With

a relative risk reduction for MI of 18%, rivaroxaban might

be the preferred therapy for stroke prevention in AF

among those at a high cardiovascular risk [32], although

the superiority of this agent needs to be validated in high-

quality randomized head-to-head trials of rivaroxaban

against drugs of the same class with a similar mechanism

of action and other new oral anticoagulants.

Rivaroxaban has been shown to reduce the risk of

subsequent ACS after an event in a dose-dependent

manner [26]. It has been postulated to reduce the risk of

ACS by virtue of its inhibitory action on factor X, and

prevention of its conversion into factor Xa, which initiates

the final common pathway of the coagulation cascade and

Fig. 2
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leads to the formation of thrombin, which catalyzes addi-

tional coagulation-related reactions and promotes platelet

activation. When compared against pharmacologically

active molecules with proven (aspirin, thienopyridines,

and enoxaparin) [33,34] and postulated (warfarin) [35]

benefits in ACS, rivaroxaban showed consistent noninfer-

iority to comparators in the rates of MI and cardiovascular

mortality. However, caution needs to be exercised in the

interpretation of the results and assigning a class effect to

the outcomes seen with rivaroxaban. Recent use of

another factor Xa inhibitor [36] has not been found to be

of significance in net clinical benefit in the treatment of

ACS, although the results of MI and other ischemic

endpoints were numerically reduced without reaching

statistical significance. It thus remains open to debate

as to whether dosing may have played a role in the results

of each trial of rivaroxaban and whether or not the

reduction in risk would be anticipated across all study

populations.

The limitations of our study include that the results were

primarily driven by three trials (ROCKET AF, ATLAS

ACS TIMI 46, and ATLAS ACS TIMI 51), which

contributed 73% of patients and 97% of events. Whereas

the event rates differed across studies, ORs of rivaroxaban

to comparators were consistent and had low heterogene-

ity; it is unlikely that the benefit detected with our

analysis was because of chance alone. There have been

criticisms of the constituent individual trials, namely that

the degree of anticoagulation in the warfarin arm in

ROCKET AF was suboptimal (less than what has been

reported in other recent trials), thereby arguably biasing

the results toward rivaroxaban. RECORD 2 and 3 trials

have been criticized for differences in treatment duration

and doses that were biased toward rivaroxaban. The

ATLAS ACS 2 TIMI 51 trial had substantial missing data,

which challenged the interpretation of the results.

However, our pooled data, with a large sample size,

indicate a lower risk of MI with the use of rivaroxaban.

Fig. 4
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Also, the extent of benefit observed with the use of

rivaroxaban in various trials was different, showing the

greatest benefit against placebo and in the coronary artery

disease trials [17,26]. The risk of bleeding, a well-known

cause of mortality, has been heterogeneous in the various

populations in which rivaroxaban has been tested. In the

venous thromboembolism studies [18–21], when compared

against enoxaparin, there was a significant reduction in the

risk of bleeding, whereas in the AF study [16], when

compared against warfarin, a noninferior result was

achieved; however, in the ACS trials [17,26] a statistically

significant increased risk of bleeding compared with placebo

was observed. This evidence is consistent with the fact that

both warfarin and enoxaparin are pharmacologically active

moieties with associated significant risk of bleeding.

On the basis of available data of the two recently

approved oral anticoagulants, one (dabigatran) appears

to increase rates of MIs whereas the other (rivaroxaban)

appears to lower the risk. This MI risk needs to be taken

into the context of the overall risk and benefits of

anticoagulation therapies from available evidence [37].

Conclusion

The oral factor Xa inhibitor, rivaroxaban, appears to lower the

risk of MIs and cardiovascular mortality across a wide spect-

rum of patients when compared with clopidogrel and aspirin

in an ACS population or warfarin in an AF population.

Whether it is appropriate therapy in either of these popu-

lations must be based on this benefit versus the substantial

risk of bleeding, and may be considered as the therapy of

choice in patients at high risk of cardiovascular events.
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