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Association of Rivaroxaban With Thromboembolic
Events in Patients With Heart Failure, Coronary Disease,
and Sinus Rhythm
A Post Hoc Analysis of the COMMANDER HF Trial
Barry Greenberg, MD; James D. Neaton, PhD; Stefan D. Anker, MD, PhD; William M. Byra, MD; John G. F. Cleland, MD; Hsiaowei Deng, ScM; Min Fu, PhD;
David A. La Police, BS; Carolyn S. P. Lam, MD, PhD; Mandeep R. Mehra, MD; Christopher C. Nessel, MD; Theodore E. Spiro, MD;
Dirk J. van Veldhuisen, MD, PhD; Catherine M. Vanden Boom, BSN; Faiez Zannad, MD, PhD

IMPORTANCE Whether anticoagulation benefits patients with heart failure (HF) in sinus
rhythm is uncertain. The COMMANDER HF randomized clinical trial evaluated the effects of
adding low-dose rivaroxaban to antiplatelet therapy in patients with recent worsening of
chronic HF with reduced ejection fraction, coronary artery disease (CAD), and sinus rhythm.
Although the primary end point of all-cause mortality, myocardial infarction, or stroke did not
differ between rivaroxaban and placebo, there were numerical advantages favoring
rivaroxaban for myocardial infarction and stroke.

OBJECTIVE To examine whether low-dose rivaroxaban was associated with reduced
thromboembolic events in patients enrolled in the COMMANDER HF trial.

DESIGN, SETTING, AND PARTICIPANTS Post hoc analysis of the COMMANDER HF multicenter,
randomized, double-blind, placebo-controlled trial in patients with CAD and worsening HF.
The trial randomized 5022 patients postdischarge from a hospital or outpatient clinic after
treatment for worsening HF between September 2013 and October 2017. Patients were
required to be receiving standard care for HF and CAD and were excluded for a medical
condition requiring anticoagulation or a bleeding history. Patients were randomized in a 1:1
ratio. Analysis was conducted from June 2018 and January 2019.

INTERVENTION Patients were randomly assigned to receive 2.5 mg of rivaroxaban given orally
twice daily or placebo in addition to their standard therapy.

MAIN OUTCOMES AND MEASURES For this post hoc analysis, a thromboembolic composite
was defined as either (1) myocardial infarction, ischemic stroke, sudden/unwitnessed death,
symptomatic pulmonary embolism, or symptomatic deep venous thrombosis or (2) all of the
previous components except sudden/unwitnessed deaths because not all of these are caused
by thromboembolic events.

RESULTS Of 5022 patients, 3872 (77.1%) were men, and the overall mean (SD) age was 66.4
(10.2) years. Over a median (interquartile range) follow-up of 19.6 (11.7-30.8) months, fewer
patients assigned to rivaroxaban compared with placebo had a thromboembolic event
including sudden/unwitnessed deaths: 328 (13.1%) vs 390 (15.5%) (hazard ratio, 0.83; 95%
CI, 0.72-0.96; P = .01). When sudden/unwitnessed deaths were excluded, the results
analyzing thromboembolic events were similar: 153 (6.1%) vs 190 patients (7.6%) with an
event (hazard ratio, 0.80; 95% CI, 0.64-0.98; P = .04).

CONCLUSIONS AND RELEVANCE In this study, thromboembolic events occurred frequently in
patients with HF, CAD, and sinus rhythm. Rivaroxaban may reduce the risk of thromboembolic
events in this population, but these events are not the major cause of morbidity and mortality in
patients with recent worsening of HF for which rivaroxaban had no effect. While consistent with
other studies, these results require confirmation in prospective randomized clinical trials.

TRIAL REGISTRATION ClinicalTrials.gov identifier: NCT01877915

JAMA Cardiol. 2019;4(6):515-523. doi:10.1001/jamacardio.2019.1049
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L ow-dose rivaroxaban improved outcomes including
survival in patients with acute coronary syndrome (ACS)
in the Anti-Xa Therapy to Lower Cardiovascular Events

in Addition to Standard Therapy in Subjects with Acute Coro-
nary Syndrome–Thrombolysis in Myocardial Infarction 51
(ATLAS ACS 2–TIMI 51) study1 and in stable patients with
chronic atherosclerotic cardiovascular (CV) disease in the Car-
diovascular Outcomes for People Using Anticoagulation Strat-
egies (COMPASS) trial.2 A post hoc analysis of results from the
ATLAS ACS 2–TIMI 51 study1 and a prespecified analysis of the
COMPASS trial2 showed that the beneficial effects of rivaroxa-
ban on reduction of major adverse CV events (MACE), de-
fined as a composite of CV death, myocardial infarction (MI),
or stroke, were at least as great in patients with a history of
heart failure (HF) as in those without HF.3,4 However, in the
COMMANDER HF trial (A Study to Assess the Effectiveness and
Safety of Rivaroxaban in Reducing the Risk of Death, Myocar-
dial Infarction, or Stroke in Participants with Heart Failure and
Coronary Artery Disease Following an Episode of Decompen-
sated Heart Failure),5 which enrolled patients after a recent wors-
ening of chronic HF, coronary artery disease (CAD), and normal
sinus rhythm, low-dose rivaroxaban did not significantly re-
duce the risk of the primary composite outcome of all-cause mor-
tality, MI or stroke, all-cause mortality alone, or the main sec-
ondary efficacy outcome of CV death and HF hospitalization.5

The reasons for the different findings in the patients with
HF in ATLAS ACS 2–TIMI 51,1 COMPASS,2 and COMMANDER
HF5 studies are not clear. Although patients enrolled in all 3
trials were required to have CAD or atherosclerotic vascular dis-
ease and to be in sinus rhythm, only the COMMANDER HF trial5

required patients to have had a recent episode of worsening
HF for entry into the study. Not surprisingly, given the known
increase in the risk of death after an episode of worsening HF,6-9

mortality rates varied considerably between the studies,
with all-cause and CV mortality both considerably higher in
the COMMANDER HF trial5 than in either the overall study
populations1,2 or in the subgroups of patients with HF in
ATLAS ACS 2–TIMI 513 or COMPASS.4 This led us to hypo-
thesize that the contrasting results for the HF subgroups be-
tween the studies might be due to the fact that many of the
deaths in the COMMANDER HF trial5 were not amenable to an-
tithrombotic therapy as they were associated with pump fail-
ure. Regardless, there is evidence that patients with HF and
CAD are at increased risk for atherothrombotic events,10-16 and
it is possible that an effect of rivaroxaban on thromboembolic
events in the COMMANDER HF trial5 might have been masked
by pump failure deaths that drove the primary outcome. Thus,
for this post hoc analysis, we defined an outcome that was more
specific to thromboembolic events.

Methods
Study Population
The design and primary results for this study have been previ-
ously published.5,17 Briefly, the COMMANDER HF trial was a
multicenter, randomized, double-blind, placebo-controlled trial
that enrolled patients who had a history of chronic HF and had

been treated for an episode of worsening HF within the previ-
ous 21 days, a left ventricular ejection fraction of 40% or less, a
history of CAD, and were in normal sinus rhythm.

Patients were assigned in a 1:1 proportion to receive 2.5 mg
twice daily (low-dose) rivaroxaban or matching placebo. All pa-
tients received standard care for HF and CAD as prescribed by
their treating physician. After randomization, patients were fol-
lowed up at weeks 4 and 12 and then every 12 weeks thereafter
for assessment of safety and to ascertain the occurrence of out-
come events. All participants provided written informed con-
sent. The study protocol was approved by the ethics committee/
institutional review board at each site. The trial was conducted
and reported in accordance with the protocol (Supplement 1)
and the statistical analysis plan (Supplement 2). This analysis
was completed with existing deidentified data from the
COMMANDER HF trial, which did not require separate approval.

Efficacy Outcome Events
Sites evaluated patients for the occurrence of an efficacy
outcome event at each visit. Events reported by investigators
during the trial included death, MI, stroke, symptomatic pul-
monary embolism (PE), and symptomatic deep vein throm-
bosis. Strokes were further subdivided according to whether
they were hemorrhagic or of ischemic etiology based on
predefined criteria. Investigators determined the primary
cause of death and classified each death as CV, non-CV, or
unknown.

Although an independent clinical events adjudication com-
mittee was not used in the COMMANDER HF trial, the out-
come event definitions and criteria required for documenta-
tion of an event were provided in rigorous detail in the protocol
and in the eAppendix in Supplement 3. Each type of efficacy
outcome had a specific case report form on which investiga-
tors documented the information relevant to the event, in-
cluded the criteria that had been met, and had an assessment
of the available source documentation. The protocol con-
tained predefined criteria for each outcome event that had to
be documented by the investigator with medical records, which
could include (as examples) imaging and laboratory reports,

Key Points
Question Did the addition of low-dose rivaroxaban to background
antiplatelet therapy reduce risk for thromboembolic events in
patients with chronic heart failure and reduced ejection fraction,
coronary artery disease, and sinus rhythm?

Findings In this post hoc analysis of a randomized clinical trial of
5022 patients, although thromboembolic events were not the
major driver of the primary efficacy outcome, they occurred
frequently. Rivaroxaban was associated with reduced risk of
thromboembolic events compared with placebo from 15.5% to
13.1% with inclusion of sudden/unwitnessed deaths as part of the
outcome and from 7.6% to 6.1% when sudden/unwitnessed
deaths where not considered as part of the thromboembolic
composite outcome.

Meaning Thromboembolic events are common in patients with
heart failure, coronary artery disease, and sinus rhythm, and
rivaroxaban may reduce risk of their occurrence.
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consultation reports, or discharge summaries. Moreover, docu-
mentation was carefully reviewed by the local trial monitor and
sent to the sponsor’s blinded clinical group for confirmatory
review. If these reports met the protocol-required criteria, the
event was considered verified.

Thromboembolic events included in this post hoc analysis
were defined in 2 ways (Table 1). Both definitions included MI,
ischemic stroke, symptomatic PE, and symptomatic deep vein
thrombosis as components of the thromboembolic composite.
One of the definitions also included sudden/unwitnessed deaths
as part of the composite. Cardiovascular deaths (eg, HF, cardio-
genic shock) were excluded if they were not reported as sudden/
unwitnessed as our goal was to focus on events associated with
a thromboembolic mechanism.

We defined 2 additional outcomes: (1) MACE and (2) non-
thromboembolic events (ie, deaths not attributable to sudden/
unwitnessed cause and hemorrhagic stroke). The former is de-
fined for comparison with ATLAS ACS 2–TIMI 51,1 and the latter
to assess the association of rivaroxaban with major events not
considered to be thromboembolic.

Statistical Analysis
For this post hoc analysis, time-to-event methods were used
for comparing the rivaroxaban and placebo groups for the com-
posite thromboembolic outcome and the components of this
outcome, ie, a Cox model stratified by 5 geographic regions.
Hazard ratios (HRs), 95% confidence intervals, and 2-sided
P values with a significance threshold of P < .05 are cited. Simi-
lar methods were used to compare the 2 treatment groups for
MACE and for the composite nonthromboembolic outcome.
To assess whether the HRs for the components of the com-
posite outcomes defined varied, marginal associations with
each component were estimated using all the first compo-
nent event(s) experienced by each patient. We compared the
fit of a model that allowed the associations to vary with that
of a model that assumed a common association. A common
treatment effect was also estimated by the Wei-Lin-Weissfeld
model,18 an extension of the Cox regression model to account
for the correlation of multiple events within a patient. Be-
cause of the post hoc nature of these analyses, P values should
be cautiously interpreted and used primarily to generate hy-
potheses to be tested in future studies.

Results
Detailed baseline characteristics of the patients in the
COMMANDER HF trial have been reported elsewhere.5 Table 2
gives demographic and selected other baseline characteris-
tics that reflect severity of HF, potential risk factors for throm-
boembolic events, and use of agents that might affect these
events. Overall, 3872 of 5022 patients (77.1%) were men, 4128
(82.2%) were white, and the mean (SD) age was 66.4 (10.2)
years. Overall, 2654 patients (52.8%) were categorized as being
in New York Heart Association class III or IV; median (inter-
quartile) baseline ejection fraction was 34% (28%-38%). A his-
tory of MI or stroke was present in 3803 (75.7%) and 453 (9.0%)
patients, respectively. Antiplatelet agents were prescribed for

virtually all patients, with 4675 (93.1%) receiving aspirin, 2015
(40.1%) receiving thienopyridines, and 1746 (34.8%) receiv-
ing dual antiplatelet therapy.

Table 3 summarizes the treatment differences for the pri-
mary end point of COMMANDER HF (for reference) and the
post hoc analyses of thromboembolic, nonthromboembolic,
and MACE. As previously reported, 26% of patients experi-
enced a primary end point in COMMANDER HF. Most pri-
mary events were deaths (84% CV death [n = 929], 11% non-CV
death [n = 121], and 5% unknown death [n = 52]) that were not
preceded by an MI or stroke. The HR (rivaroxaban vs placebo)
was 0.94 (95% CI, 0.84-1.05; P = .27). However, differences in

Table 1. Thromboembolic Event Definitions

Thromboembolic
Event Typea Definitionb

Myocardial
infarctionc

• MI in the absence of PCI or CABG and at least 2 of the
following:
• Elevated cardiac biomarkers
• New pathological Q waves
• New significant ST changes
• New LBBB
• Autopsy confirmation (no other documentation

needed)
• Cardiology consultation report or discharge summary

clearly
• Stating an MI has occurred

• MI post-PCI and at least 2 of the following:
• Elevated cardiac biomarkers within 48 h of the

procedure if baseline values normal, ischemic ST
changes, or angiographic evidence (flow limiting
complication) or imaging evidence (new loss of viable
myocardium or new regional wall abnormality)

• New pathological Q waves
• Cardiology consultation report or discharge summary

clearly stating an MI has occurred
• MI post-CABG surgery and at least 1 of the following:

• Elevated cardiac biomarkers within 48 h of the
procedure with new pathological Q waves or a new
LBBB or any of the requirements seen in MI post-PCI

Ischemic strokec New, sudden, focal neurological deficit resulting from a
presumed cerebrovascular cause that is not reversible
within 24 h and not due to readily identifiable cause,
such as trauma, a tumor, or seizure; no focal collections
of intracranial blood

Sudden/
unwitnessed
death

• Sudden death: an abrupt collapse and death that
occurs during a time when no other evaluations were
performed

• Unwitnessed death: individual was discovered dead
after last having been seen in a stable state (does not
include death from a chronic, deteriorating non-CV
illness, such as cancer)

Symptomatic PE • Symptoms of PE and at least 1 of the following:
• High probability ventilation/perfusion lung scan
• Intermediate probability ventilation/perfusion lung

scan
• With a positive D-dimer test
• Positive spiral CT scan
• Positive pulmonary arteriogram
• Autopsy confirmation

Symptomatic DVT Symptoms of DVT in the extremity in question and
positive compression ultrasonography or venogram

Abbreviations: CABG, coronary artery bypass grafting; CT, computed
tomography; CV, cardiovascular; DVT, deep vein thrombosis; LBBB, left bundle
branch block; MI, myocardial infarction; PCI, percutaneous coronary
intervention; PE, pulmonary embolism.
a Thromboembolic outcomes were defined in 2 ways: (1) MI, ischemic stroke,

sudden/unwitnessed death, symptomatic pulmonary embolism, or
symptomatic deep venous thrombosis and (2) all of the previous events
except sudden/unwitnessed deaths.

b Complete efficacy event definitions are in the trial protocol in Supplement 1
and described elsewhere.17

c Fatal MI and stroke events were determined by the investigator.
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the HR between the components were apparent, ranging from
0.98 (95% CI, 0.87-1.10) for mortality to 0.66 (95% CI, 0.47-
0.95) for stroke. The P value for the test of homogeneity of the
3 components of the composite primary end point was .06. The
pooled HR based on the marginal model was the same as the
model based on the first event (HR, 0.94).

When sudden/unwitnessed deaths were considered as part
of the composite, 718 of 5022 patients (14%) in COMMANDER
HF experienced a thromboembolic event (Table 3). These
events occurred in 328 patients (13.1%) assigned to rivaroxa-
ban and 390 patients (15.5%) assigned to placebo (HR, 0.83;
95% CI, 0.72-0.96; P = .01). With the exception of sympto-
matic PE, for which the number of patients with an event was
small, components favored rivaroxaban over placebo, with HRs
ranging from 0.64 for stroke to 0.88 for sudden/unwitnessed
death (P = .60 for homogeneity of HRs for the 5 components
of this composite outcome). When sudden/unwitnessed deaths
were excluded from the thromboembolic composite out-
come, 153 patients (6.1%) assigned rivaroxaban and 190 pa-
tients (7.6%) assigned to placebo experienced a thromboem-
bolic event (HR, 0.80; 95% CI, 0.64-0.98; P = .04); (P = .56 for
homogeneity of 4 components of this composite).

The Kaplan-Meier curves for the composite thromboem-
bolic outcome with and without sudden/unwitnessed deaths are
shown in Figure A and B, respectively. Curves for MI and ische-
mic stroke are shown in eFigures 1 and 2 in Supplement 3.

Nonthromboembolic components of the primary end point
of COMMANDER HF occurred with similar frequency as the

thromboembolic components (709 patients [14.1%]: 363 pa-
tients (14.5%) assigned to rivaroxaban and 346 patients (13.8%)
assigned to placebo; Table 3). Most of these events were death,
75% (n = 524) attributed to CV death and 25% (n = 173) attrib-
uted to non-CV death, including death from unknown causes.
Cause-specific mortality by treatment is shown in the eTable
in Supplement 3. The HR for nonthromboembolic events was
1.05 (95% CI, 0.91-1.22; P = .51) (P = .64 for homogeneity of 3
components of this composite).

The primary efficacy end point used in the ATLAS ACS
2–TIMI 51 trial,1 MACE, occurred in 1121 patients (22%), which
included 537 patients (21.4%) assigned to rivaroxaban and 584
patients (23.2%) assigned to placebo (Table 3). The HR for MACE
was 0.91 (95% CI, 0.81-1.02; P = .11). The P value for homoge-
neity of the MACE components was .11. Like the primary end
point for COMMANDER HF, the pooled HR based on the mar-
ginal model for all reported events was identical (HR, 0.91).

Discussion
Although there was no difference in efficacy between rivaroxa-
ban and placebo in COMMANDER HF for the primary compos-
ite end point, HRs for the components varied, with numerical
advantages observed for rivaroxaban compared with placebo for
MI and stroke, both of which involve a thromboembolic mecha-
nism. Consequently, this post hoc analysis was performed to
assess the risk of thromboembolic events in COMMANDER HF

Table 2. Selected Baseline Variables in Patients Enrolled in the COMMANDER HF Triala

Characteristic

No. (%)

Rivaroxaban (n = 2507) Placebo (n = 2515) Total (N = 5022)
Age, mean (SD), y 66.51 (10.07) 66.28 (10.27) 66.40 (10.17)

Women 551 (22.0) 599 (23.8) 1150 (22.9)

Whiteb 2063 (82.3) 2065 (82.1) 4128 (82.2)

Medical history

Myocardial infarction 1911 (76.2) 1892 (75.2) 3803 (75.7)

Stroke 208 (8.3) 245 (9.7) 453 (9.0)

Hypertension 1897 (75.7) 1886 (75.0) 3783 (75.3)

Diabetes 1024 (40.8) 1028 (40.9) 2052 (40.9)

Clinical features of heart failure,
median (IQR)

BNP, pg/mLc 702.0 (403.4 -1237.0) 695.6 (380.0-1266.3) 700.0 (390.0-1250.0)

NT-proBNP, pg/mLc 2480.0 (1537.0-6394.0) 2900.0 (1520.0-6270.5) 2873.5 (1531.0-6322.0)

D-dimer, ug/L 360.0 (215.0-680.0) 360.0 (215.0-650.0) 360 (215.0-665.0)

Ejection fraction 35 (28-38) 34 (27-38) 34 (28-38)

New York Heart Association
classification

I 80 (3.2) 69 (2.7) 149 (3.0)

II 1122 (44.8) 1096 (43.6) 2218 (44.2)

III 1208 (48.2) 1254 (49.9) 2462 (49.0)

IV 96 (3.8) 96 (3.8) 192 (3.8)

Therapies at baseline

Aspirin 2329 (92.9) 2346 (93.3) 4675 (93.1)

Thienopyridine 1043 (41.6) 972 (38.6) 2015 (40.1)

Dual antiplatelet therapy 907 (36.2) 839 (33.4) 1746 (34.8)

Cardiac devicesd 345 (13.8) 316 (12.6) 661 (13.2)

Abbreviations: BNP, brain-type
natriuretic peptide; IQR, interquartile
range; NT-proBNP, amino-terminal
pro-B-type natriuretic peptide.

SI conversion factors: To convert BNP
from pg/mL to ng/L, multiply by 1.0;
to convert D-dimer from ug/L to
nmol/L, multiply by 3.04.
a The complete list of baseline

characteristics has been previously
published.5

b Race/ethnicity was self-reported by
the patient.

c After the enrollment of 1155 patients
(23.0%), a protocol amendment
required patients to also have a
plasma concentration of BNP that
was at least 200 pg/mL or
NT-proBNP that was at least 800
pg/mL. Brain-type natriuretic
peptide values were provided for
965 patients, and NT-proBNP values
were provided for 2862 patients.

d Cardiac devices include cardiac
resynchronization therapy,
implantable cardioverter
defibrillator, and pacemaker.

Research Original Investigation Rivaroxaban and Thromboembolic Events in Patients With Heart Failure, Coronary Disease, and Sinus Rhythm

518 JAMA Cardiology June 2019 Volume 4, Number 6 (Reprinted) jamacardiology.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Rijksuniversiteit Groningen User  on 08/13/2019

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2019.1049&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.1049
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2019.1049&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.1049
http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.1049


and to determine whether the risk of these events might be re-
duced by low-dose rivaroxaban therapy. We found that rivar-
oxaban reduced the rate of thromboembolic events by 17% com-
pared with placebo. While these findings are encouraging and
consistentwiththosefromearlierstudies,1,2 theyarebynomeans
conclusive and will require confirmation in future randomized
clinical trials.

The COMMANDER HF trial was designed to determine if
low-dose rivaroxaban could improve outcomes in patients who
had experienced recent worsening of chronic HF, CAD, and nor-
mal sinus rhythm. Previous studies that assessed the effects
of anticoagulation on outcomes in patients with HF who were
in sinus rhythm provided inconclusive results.19-23 A post hoc
analysis of patients included in the Studies of Left Ventricu-
lar Dysfunction19 reported that warfarin was associated with
improved survival, but prospective studies comparing warfa-
rin with antiplatelet agents failed to confirm this benefit.20-23

In the Warfarin versus Aspirin in Reduced Cardiac Ejection
Fraction (WARCEF) Trial,23 which was the largest and most in-
formative of these trials, although a net benefit of warfarin
therapy compared with aspirin was not observed, there was a

reduction in ischemic stroke with warfarin but this was offset
by an increased risk of major hemorrhage.23 More recently, at
the time that COMMANDER HF was designed, data from the
ATLAS ACS 2–TIMI 51 trial1 indicated that low-dose rivaroxa-
ban reduced the risk of MACE from a subgroup of patients with
HF included in that trial.3 This finding, along with evidence
that thrombin-mediated events are involved in the progres-
sion of HF,10-16,20-28 was the rationale for the COMMANDER HF
trial. The patients enrolled and the therapeutic intervention
used in COMMANDER HF differed considerably from previ-
ous trials, such as the WARCEF study,23 in that COMMANDER
HF required patients to have a history of CAD for entry and to
have experienced recent worsening of chronic HF. While the
WARCEF trial23 compared the effects of warfarin with those of
aspirin, in COMMANDER HF, antiplatelet therapy (including as-
pirin in 93.1%) was universal. In addition, WARCEF23 used full-
dose anticoagulation, and COMMANDER HF used low-dose ri-
varoxaban. The failure of low-dose rivaroxaban to alter either the
primary efficacy end point, all-cause mortality alone, which oc-
curred in 22% of patients, or the secondary composite end point
of CV mortality or HF rehospitalization outcomes, which

Table 3. Time to First Occurrence of an Outcome Eventa

Outcomesb

Rivaroxaban (n = 2507) Placebo (n = 2515) Rivaroxaban vs Placeboc

No. (%)
Event Rate/
100 Patient-Year No. (%)

Event Rate/
100 Patient-Year Hazard Ratio (95% CI) P Valued

Primary end point (composite of ACM/MI/stroke) 626 (25.0) 13.4 658 (26.2) 14.3 0.94 (0.84-1.05) .27

ACM 546 (21.8) 11.4 556 (22.1) 11.6 0.98 (0.87-1.10)

NAMI 98 (3.9) 2.1 118 (4.7) 2.5 0.83 (0.63-1.08)

Stroke 51 (2.0) 1.1 76 (3.0) 1.6 0.66 (0.47-0.95)

Composite of thromboembolic events 328 (13.1) 7.0 390 (15.5) 8.5 0.83 (0.72-0.96) .01

MI 98 (3.9) 2.1 118 (4.7) 2.5 0.83 (0.63-1.08)

NA

Ischemic stroke 41 (1.6) 0.9 63 (2.5) 1.3 0.64 (0.43-0.95)

Sudden/unwitnessed death 190 (7.6) 4.0 215 (8.5) 4.5 0.88 (0.73-1.07)

Symptomatic PE 11 (0.4) 0.2 9 (0.4) 0.2 1.24 (0.51-2.99)

Symptomatic hazard ratio 5 (0.2) 0.1 7 (0.3) 0.1 0.71 (0.23-2.24)

Composite of thromboembolic events excluding
sudden/unwitnessed deaths

153 (6.1) 3.3 190 (7.6) 4.1 0.80 (0.64-0.98) .04

Composite of nonthromboembolic events 363 (14.5) 7.6 346 (13.8) 7.2 1.05 (0.91-1.22) .51

Death other than CV deathe 93 (3.7) 1.9 80 (3.2) 1.7 1.16 (0.86-1.57)

NACV death other than sudden/unwitnessed death 263 (10.5) 5.5 261 (10.4) 5.5 1.01 (0.85-1.19)

Nonischemic stroke 11 (0.4) 0.2 13 (0.5) 0.3 0.85 (0.38-1.90)

Composite of CV death, MI, or stroke 537 (21.4) 11.5 584 (23.2) 12.7 0.91 (0.81-1.02) .11

CV death 453 (18.1) 9.5 476 (18.9) 10.0 0.95 (0.84-1.08)

NAMI 98 (3.9) 2.1 118 (4.7) 2.5 0.83 (0.63-1.08)

Stroke 51 (2.0) 1.1 76 (3.0) 1.6 0.66 (0.47-0.95)

Composite of MI or ischemic stroke 137 (5.5) 2.9 176 (7.0) 3.8 0.77 (0.62-0.96) .02

MI 98 (3.9) 2.1 118 (4.7) 2.5 0.83 (0.63-1.08)
NA

Ischemic stroke 41 (1.6) 0.9 63 (2.5) 1.3 0.64 (0.43-0.95)

Abbreviations: ACM, all-cause mortality; CV, cardiovascular; MI, myocardial
infarction; NA, not applicable; PE, pulmonary embolism.
a For the composite outcome, only the first event in a given patient was

included; for the individual components of that outcome, all first events of
that component outcome were included.

b Data are from the intention-to-treat population during the observation period
from randomization through the global treatment end date (March 5, 2018).

c Hazard ratios and 95% CIs are from a Cox proportional hazards model

stratified according to region, with trial group assignment as the only effect.
P value (2-sided) is from the log-rank test stratified according to region. The
95% CIs have not been adjusted for multiplicity, and inferences drawn from
these intervals may not be reproducible.

d P values are given for the composite outcomes but not the components that
define each composite.

e Including non-CV death and unknown death.
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occurred in 37% of patients in COMMANDER HF, suggests
that thromboembolic events are not the major driver of out-
comes in patients with worsening HF and reduced ejection
fraction.

As part of these post hoc analyses, we evaluated the asso-
ciation of rivaroxaban with MACE in COMMANDER HF for com-
parison with patients with HF who were included in the ATLAS
ACS 2–TIMI 51 trial.3 When MACE events were compared
between patients in COMMANDER HF and patients with HF

in ATLAS ACS 2–TIMI 513 (Table 4), many more patients experi-
enced CV death as part of the MACE composite in
COMMANDER HF than in ATLAS ACS 2–TIMI 51.3 While risk re-
ductions with rivaroxaban for MI and stroke in COMMANDER
HF, patients were similar to those seen in patients with HF in
ATLAS ACS 2–TIMI 51,3 the composite outcome in COM-
MANDER HF, which was largely determined by CV death, was
not. In COMPASS,2 the rate of MACE was significantly lower
with the combination of rivaroxaban plus aspirin vs aspirin

Figure. Time to First Occurrence of Thromboembolic Events
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HR (95% CI)
0.83 (0.72-0.96)
P =.01

HR (95% CI)
0.80 (0.64-0.98)
P =.04

A, The composite of thromboembolic events includes myocardial infarction,
ischemic stroke, sudden/unwitnessed death, symptomatic pulmonary
embolism, or symptomatic deep vein thrombosis. The cumulative percentage
of patients with a thromboembolic event were 7%, 14%, and 18% after
approximately 12, 24, and 36 months, respectively, among those assigned to
rivaroxaban and 10%, 16%, and 22%, respectively, among those assigned to
placebo. B, The composite of thromboembolic events includes myocardial

infarction, ischemic stroke, symptomatic pulmonary embolism, or symptomatic
deep vein thrombosis. The cumulative percentage of patients with a
thromboembolic event excluding sudden/unwitnessed deaths was 4%, 7%, and
9% after 12, 24, and 36 months, respectively, for those patients assigned to
rivaroxaban, and 5%, 8%, and 11%, respectively, for those assigned to placebo.
HR indicates hazard ratio.

Table 4. Comparison of Outcomes for Patients With Heart Failure in COMMANDER HF vs ATLAS ACS 2–TIMI 51 Studiesa

Variable

COMMANDER HF ATLAS ACS 2–TIMI 51 (HF subgroup)3

No. (%)

HR (95% CI)

No. (%)

HR (95% CI)
2.5 mg of Rivaroxaban
Twice/d (n = 2507)

Placebo
(n = 2515)

2.5 mg of Rivaroxaban
Twice/d (n = 562)

Placebo
(n = 558)

Composite of CV death, MI, or stroke 537 (21.4) 584 (23.2) 0.91 (0.81-1.02) 59 (10.5) 96 (17.2) 0.59 (0.42-0.81)

CV death 453 (18.1) 476 (18.9) 0.95 (0.84-1.08) 23 (4.1) 50 (9.0) 0.45 (0.27-0.74)

MI 98 (3.9) 118 (4.7) 0.83 (0.63-1.08) 36 (6.4) 50 (9.0) 0.68 (0.44-1.04)

Stroke 51 (2.0) 76 (3.0) 0.66 (0.47-0.95) 7 (1.7) 10 (1.8) 0.68 (0.26-1.80)

Abbreviations: CV, cardiovascular; HF, heart failure; HR, hazard ratio; MI, myocardial infarction.
a An individual could have more than 1 component event.
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alone, and a recent analysis suggested that this was also evi-
dent for the subgroup of patients with HF in the COMPASS
population.4

Taken together with our exploration of a thromboem-
bolic outcome, it is possible that the difference observed in
MACE between COMMANDER HF and these 2 studies is be-
cause of the inclusion of patients with recent worsening of
chronic HF in COMMANDER HF and that more CV deaths in
COMMANDER HF were associated with pump failure causes
that were not amenable to antithrombotic therapy. Our re-
sults also support the possibility that the preponderance of
mortality in the primary end point in COMMANDER HF may
have masked a favorable association of rivaroxaban and throm-
boembolic events, which were ongoing in this population, al-
beit at a lower level than were HF-related events.

While MI, ischemic stroke, symptomatic PE, and sympto-
matic deep vein thrombosis are considered thromboembolic
events, the inclusion of sudden or unwitnessed death is less
straightforward. There is evidence suggesting that many of
these events are caused by unrecognized MI, microthrombi in
the distal coronary vasculature that precipitate an arrhyth-
mia, or PE.10,11,13,15,16 Uretsky et al11 evaluated the prevalence
of acute coronary findings (defined as coronary thrombosis,
ruptured plaque, or acute MI) at autopsy in the hearts of
patients who had died suddenly in the ATLAS ACS 2–TIMI 51
trial,1 a study that, like COMMANDER HF, was carried out in a
population with HF with reduced ejection fraction. They found
that acute coronary findings were present in 54% of the pa-
tients with underlying CAD who had died suddenly com-
pared with only 5% in patients who died suddenly but were
without CAD. Similar results were reported by Farb et al13 who
assessed the postmortem anatomy of 90 hearts from patients
who had died suddenly and found evidence of coronary throm-
bosis, plaque disruption, or both in 57% of these patients. There
is also an association between epicardial CAD and coronary mi-
croemboli, which can result in lethal arrhythmias. In a study
of 44 hearts of patients who had died suddenly and had evi-
dence of coronary thrombosis, Schwartz et al15 found that there
were plaque ruptures in 25 of the hearts and plaque erosions
in the remaining 19. Microemboli and microvascular obstruc-
tion were found in 54% of these hearts with a mean of 4.5
microemboli per heart. However, other causes of sudden or un-
witnessed death including primary arrhythmias are possible,
leaving the role of thrombus formation in cases of sudden
cardiac death uncertain in many cases. Recognizing this, we
defined our thromboembolic composite in 2 ways. Hazard ra-
tios for the thromboembolic composites including and exclud-
ing sudden/unwitnessed death were similar (0.83 and 0.80,
respectively).

It is important that when using composite outcomes, the
individual components are assessed as they may be influ-
enced differentially by the intervention. That appears to be
the case in COMMANDER HF. The hypothesis of COM-
MANDER HF was that rivaroxaban, through inhibition of
thrombin, and its influence on inflammation, ischemia, and
endothelial dysfunction would prevent HF progression. We
anticipated that it would influence equally death associated
with HF progression as well as classical atherothromboem-

bolic events, such as stroke and MI, and most deaths would
be CV so that adjudication of cause was not required, hence
the choice of the trial primary end point of all-cause death,
stroke, or MI. The main results of COMMANDER HF proved
this hypothesis wrong. However, the results that we present
suggest that although rivaroxaban was ineffective in prevent-
ing HF-related death, it may have been associated with
reduced risk of the thromboembolic-specific end point
explored in this analysis. In assessing the potential therapeu-
tic value of low-dose rivaroxaban in the HF population, it is
necessary to also recognize the potential risk of this therapy.
In COMMANDER HF, the principal safety outcome of fatal
bleeding or bleeding into a critical space with the potential
for causing permanent disability was not significantly
increased in patients assigned to low-dose rivaroxaban,
although as detailed in the primary outcome article, there
was increase in secondary bleeding outcomes.5

Limitations
Although each of the outcomes assessed in this post hoc analy-
sis had been defined in the study protocol, there was no pre-
specified plan to assess thromboembolic events using this com-
posite end point. Thus, our findings should be considered
hypothesis generating and require confirmation in prospec-
tively planned studies. However, it is worth noting that the re-
ductions in risk for MI and stroke in COMMANDER HF are
consistent with the results from ATLAS ACS 2–TIMI 511 and
COMPASS,2 both of which included patients with CAD and
in the subgroups of patients with HF who were included in
these studies. Another limitation is that the end points in
COMMANDER HF were not adjudicated by an independent
committee. However, they were clearly defined in the study
protocol and in an investigator manual for outcome events
and they were carefully reviewed. Finally, entry into
COMMANDER HF required patients to have a reduced ejection
fractionsothatfindingspresentedinthisanalysismaynotpertain
to those who have HF with preserved ejection fraction.

Conclusions
While the COMMANDER HF study failed to demonstrate a re-
duction in risk of the composite primary end point of all-
cause mortality, MI, or stroke, this analysis shows that throm-
boembolic events, while not the major source of morbidity and
mortality in COMMANDER HF, represent a substantial propor-
tion of events that occurred during follow-up. The incidence
of MI and stroke seen in the COMMANDER HF patients was
similar to that seen in patients in ATLAS ACS 2–TIMI 511 and
COMPASS,2 indicating an ongoing risk for these events across
a broad spectrum of patients with CAD. Our findings support
the possibility that low-dose rivaroxaban may reduce the risk
of these events in patients with HF, as has been reported in
ATLAS ACS 2–TIMI 511 and COMPASS.2 However, confirma-
tion in prospective randomized clinical trials that rivaroxa-
ban can reduce the risk of thromboembolic events in patients
with HF is still needed to establish a role for this therapy in the
treatment of patients with HF.
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