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L
eft ventricular (LV) thrombi are associated with LV

dysfunction.1They canoccur as a complicationof acute

myocardial infarction but may arise in nonischemic

cardiomyopathies as well.2 Despite decades of study of LV

thrombi, data of which we are aware regarding their treat-

ment, particularly in the prevention of embolic events, are

scarce. For example, themost rigorous study to date is a 1993

meta-analysisof7 largelyobservational studiesofwarfarincon-

ducted between 1979 and 1990.3 Although there are limited

data on the use of low-molecular-weight heparin, there have

been no prospective studies to date, to our knowledge, of

alternative oral anticoagulants to prevent embolization

of LV thrombi.4

In the interim,neworal anticoagulantshavebeenbrought

to market. Oral factor Xa and direct thrombin inhibitors

have been approved for use and are associated with a reduc-

tion in the risk of stroke or systemic embolism (SSE) in pa-

tients with nonvalvular atrial fibrillation (AF) and venous

thromboembolism.5-11Clinical use of these direct oral antico-

agulants (DOACs) has been extended to off-label indications

suchasheparin-induced thrombocytopenia andantiphospho-

lipid syndrome12-14; however, the assumption of generalized

interchangeability between DOACs and warfarin is poten-

tially problematic. For example, dabigatran etexilate used for

thromboprophylaxis of mechanical heart valves demon-

stratedhigher rates of both ischemic stroke andbleeding.15 In

IMPORTANCE Left ventricular (LV) thrombi can arise in patients with ischemic and

nonischemic cardiomyopathies. Anticoagulation is thought to reduce the risk of stroke or

systemic embolism (SSE), but there are no high-quality data on the effectiveness of direct

oral anticoagulants (DOACs) for this indication.

OBJECTIVE To compare the outcomes associated with DOAC use and warfarin use for the

treatment of LV thrombi.

DESIGN, SETTING, AND PARTICIPANTS A cohort studywas performed at 3 tertiary care

academic medical centers among 514 eligible patients with echocardiographically diagnosed

LV thrombi between October 1, 2013, andMarch 31, 2019. Follow-up was performed through

the end of the study period.

EXPOSURES Type and duration of anticoagulant use.

MAINOUTCOMES ANDMEASURES Clinically apparent SSE.

RESULTS A total of 514 patients (379men; mean [SD] age, 58.4 [14.8] years) with LV

thrombi were identified, including 300who received warfarin and 185 who received a DOAC

(64 patients switched treatment between these groups). Themedian follow-up across the

patient cohort was 351 days (interquartile range, 51-866 days). On unadjusted analysis, DOAC

treatment vs warfarin use (hazard ratio [HR], 2.71; 95% CI, 1.31-5.57; P = .01) and prior SSE

(HR, 2.13; 95% CI, 1.22-3.72; P = .01) were associated with SSE. Onmultivariable analysis,

anticoagulation with DOAC vs warfarin (HR, 2.64; 95% CI, 1.28-5.43; P = .01) and prior SSE

(HR, 2.07; 95% CI, 1.17-3.66; P = .01) remained significantly associated with SSE.

CONCLUSIONS AND RELEVANCE In this multicenter cohort study of anticoagulation strategies

for LV thrombi, DOAC treatment was associated with a higher risk of SSE compared with

warfarin use, even after adjustment for other factors. These results challenge the assumption

of DOAC equivalence with warfarin for LV thrombi and highlight the need for prospective

randomized clinical trials to determine themost effective treatment strategies for LV thrombi.
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spiteof this finding, there is growingenthusiasmabout theuse

of DOACs by both patients and clinicians owing to their ease

of administration, absence of a requirement for international

normalized ratio monitoring, and freedom from dietary re-

strictions, amongother factors thatmay improvepatientqual-

ity of life.16,17 Perhaps because of these perceived advan-

tages, there is a persistent clinical interest in the application

ofDOACs to conditions such as LV thrombi.18Accordingly,we

sought to assess the associationbetween theuse ofDOACs for

the treatmentofLV thrombiandembolicoutcomes,usingwar-

farin as a reference, as part of the Retrospective Evaluation of

DOACs and Vascular Endpoints of Left Ventricular Thrombi

(RED VELVT) observational study.

Methods

Patient Population

We evaluated the treatment patterns and outcomes of LV

thrombi at 3 tertiary care academic medical centers. Patients

with echocardiographically diagnosedLV thrombiwere iden-

tified from October 1, 2013 (1 year after approval of the third

DOAC, apixaban), through March 31, 2019. Baseline clinical,

demographic, and echocardiographic information was re-

corded, aswell as duration and timingof anticoagulation regi-

mens. Echocardiographic data included the clinical interpre-

tation regarding themorphologic characteristics andmobility

of thrombi.The sizeof the thrombuswasmeasuredas the larg-

est 2-dimensional area available on the index echocardio-

gram. Imagingcharacteristicswerealsoevaluatedfromthesub-

sequent echocardiogram (if performed) and from the most

recent echocardiogram. Embolic events were cataloged as a

compositeoutcomeofclinicallydocumentedSSE.Patientswho

hadnot alreadyexperiencedanSSEor censoring event (death,

heart transplant, surgical LV assist device placement, or sur-

gical thrombectomy)bymedical record reviewwere individu-

ally contacted by telephone for final ascertainment of events.

In cases in which patients could not be contacted, informa-

tion was extracted from the available medical record, with

censoring at the time of their most recent hospital discharge

or outpatient visit with a cardiologist or primary care clini-

cian. The presenting embolism was defined as SSE occurring

within 30daysprior to the indexechocardiogram.Events that

occurred during a period of bridging therapy with a paren-

teral anticoagulant to an oral agent were considered to be as-

sociatedwith theparenteral anticoagulantbutnotwith theoral

agent. The study protocol was approved by the University of

Virginia, Virginia CommonwealthUniversity, and theUniver-

sityofNorthCarolina InstitutionalReviewBoards.Writtencon-

sent was waived owing to minimal patient risk. Oral consent

was obtained at the time of the telephone interview.

Statistical Analysis

The baseline characteristics between groups were compared

using 1-way analysis of variance for continuous variables and

the χ2 test for categorical variables. Pairwise testing was per-

formedwhen theoverallP < .05.Hazard ratios (HRs)were cal-

culated with or without adjustment for covariates using Cox

proportional hazards regressionmodels. Tobetter capture the

detail of real-world anticoagulant use, including treatment

switching and pauses, anticoagulation treatment during dif-

ferent time periods was treated as a time-dependent covari-

ate. Nonparametric comparison of the risk of the composite

endpoint (SSE) betweenanticoagulation strategieswas evalu-

ated using the method of Mantel and Byar.19 The association

of anticoagulant treatment periods with SSE risk was illus-

tratedvisuallywithmodifiedsurvival curves,usingthemethod

derived by Simon andMakuch.20 In thismodification of stan-

dard Kaplan-Meier curves, the cohorts are continually up-

dated such that a patient who takes both a DOAC and warfa-

rin during different time intervals contributes to the DOAC

cohort for only the period that a DOAC is taken and contrib-

utes to thewarfarin cohort for only the period thatwarfarin is

being taken.Todetermine factorsassociatedwithSSE,Coxpro-

portional hazards regression analysis was performed. Clini-

cal,demographic, andechocardiographicvariableswereevalu-

ated via univariable Cox proportional hazards regression to

determinewhether theywere factors significantly associated

with SSE. Variables with P < .10 in a univariable model were

then included inastepwisemultivariableCoxproportionalhaz-

ards regressionmodel, inwhichvariables thatproducedP < .05

wereconsideredstatistically significant.Rather thanusingsub-

distribution hazards, we accounted for competing events

(death) by evaluating the cause-specific hazard of each event

type (primary endpoint and competing risk) aswell as a com-

posite endpointwithout censoring.21Statistical analyseswere

conducted using R Studio and R, version 3.5.1 (R Foundation

for Statistical Computing).

Results

Patients

A total of 514 patients (379 men; mean [SD] age, 58.4 [14.8]

years) who had echocardiographically diagnosed LV thrombi

were identified. A more exhaustive review of the population

studied is included the Supplement, including types of cardi-

omyopathy (eTable 1 in the Supplement), and timing of anti-

coagulation (eAppendix 1 in the Supplement). Three hun-

dredpatientswere treatedwithwarfarin, and185patientswere

Key Points

Question What are the embolic outcomes associated with using

direct oral anticoagulants for left ventricular thrombi, and how

do they compare with outcomes associated with using warfarin

for the same indication?

Findings In this cohort study of 514 patients with

echocardiographically diagnosed left ventricular thrombi,

anticoagulation with direct oral anticoagulants was associated

with a higher risk of ischemic stroke and systemic emboli

compared with warfarin treatment.

Meaning Off-label use of direct oral anticoagulants for left

ventricular thrombi should be undertaken with caution until

clinical trial data are available to compare their use with warfarin.
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treated with a DOAC. These groups included a mixed cohort

of 64 patients (therapy-change group) who switched treat-

ment, suchthat therewere236patients treatedexclusivelywith

warfarin (warfarin-only group) and 121 patients treated exclu-

sively with a DOAC (DOAC-only group). There was a total of

52 changes fromwarfarin to a DOAC and a total of 19 changes

from aDOAC towarfarin. Themost common cause of switch-

ing therapy from warfarin to a DOAC was convenience (10

switches [19.2%]),whereas themost commoncauseof switch-

ing therapy from a DOAC to warfarin was cost (6 switches

[31.6%]). A comprehensive description of treatment switch-

ing is included in eAppendix 2 and eTable 3 in the Supple-

ment. A total of 93 patients received no oral anticoagulation,

including 43 patients who were not treated with any antico-

agulants, oral or parenteral. Of the 185 patients treatedwith a

DOAC, 141 (76.2%)were treatedwithapixaban,46(24.9%)were

treatedwith rivaroxaban, and9 (4.9%)were treatedwithdabi-

gatran (Figure 1). Baseline demographic, clinical, and echo-

cardiographic data in each treatment group are displayed in

Table 1. Patients tended to bemale,with a relatively balanced

representation of races/ethnicities, and theywere typically in

their sixth decade of life.

Follow-up and Events

Themedian follow-up across the patient cohort was 351 days

(interquartile range, 51-866 days). Additional data on follow-

up, including follow-upperiodand treatmentduration, are in-

cluded in eAppendix 1 in the Supplement. There was a total

of 54 SSE events, consisting of 36 ischemic strokes and 18 sys-

temicemboli.Theoverall event ratewas0.065SSEperpatient-

year of follow-up.Of the 54SSEevents, 17 occurred amongpa-

tients taking a DOAC and 14 occurred among patients taking

warfarin. Therewere also 115 deaths during the follow-up pe-

riod. The total numbers of SSE events and deaths, organized

by anticoagulant at time of event, are included in Table 2.

OnunivariableCoxproportionalhazards regressionanaly-

sis, ahigher riskof SSEwas significantly associatedwithDOAC

treatment vs warfarin (HR, 2.71; 95% CI, 1.31-5.57; P = .01)

(Table 3). Prior SSEwas also significantly associatedwith SSE

(HR, 2.13; 95% CI, 1.22-3.72; P = .01). Thrombus mobility,

although not significantly associated with SSE, met the pre-

specified threshold for inclusion in the multivariable analy-

sis (HR, 1.80;95%CI,0.96-3.38;P = .07).Noneof theothervari-

ables tested (including patient age, patient race/ethnicity,

cardiomyopathy type, body mass index, estimated glomeru-

lar filtration rate, history of AF, history of venous thrombo-

embolism, presenting SSE, use of bridging parenteral antico-

agulation, antiplatelet therapy, LVejection fraction, thrombus

size, and thrombusmorphologic characteristics)were signifi-

cantly associatedwith the outcome of SSE in unadjusted Cox

proportional hazards regression models. Additional analysis

of the risk of SSE andhistory of AF is included in eAppendix 3

in the Supplement. On multivariable analysis, anticoagula-

tion type (HR for DOAC vs warfarin, 2.64; 95% CI, 1.28-5.43;

P = .01) and prior SSE (HR, 2.07; 95%CI, 1.17-3.66; P = .01) re-

mained significantly associated with SSE. Thrombus mobil-

ity, however, was not associated with SSE (HR, 1.52; 95% CI,

0.80-2.87; P = .20). The probability of freedom from SSE by

anticoagulation type is depicted in Figure 2.

Imaging surveillance was variable, with 356 patients

(69.3%) having at least 1 follow-up echocardiogram; the

median time to first study was 81 days (interquartile range,

19-185 days). A second follow-up echocardiogram was taken

for 320patients (62.3%). Themedian time to the second study

was328days (interquartile range, 105-890days).A total of 231

patients had echocardiographically confirmed resolution of

their thrombus, including56while being treatedwith aDOAC,

131whilebeing treatedwithwarfarin, 21during treatmentwith

parenteral anticoagulation, and 23 without any anticoagula-

tion. Of those with thrombus resolution, 20 patients (8.7%)

Figure 1. Oral Anticoagulation Strategies

185 Any DOAC

141 Apixaban

46 Rivaroxaban

9 Dabigatran

Warfarin only

(n = 236)

Therapy change

(n = 64)

DOAC only

(n = 121)

Any warfarin (n = 300)

Of the 514 patients with left ventricular thrombi, 421 were treated with an oral

anticoagulant. Three hundred were treated with warfarin at any point during

the follow-up period (any warfarin) and 185 were treated with a direct oral

anticoagulant (DOAC; any DOAC). These groups included amixed cohort of

64 patients (therapy change), who switched treatment, such that there were

236 patients treated exclusively with warfarin (warfarin only), and 121 patients

treated exclusively with a DOAC (DOAC only). Among the patients treated with

a DOAC, 141 were treated with apixaban, 46 with rivaroxaban, and 9with

dabigatran. No patients were treated with edoxaban.
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experienced an SSE within 30 days of their echocardiogram

documenting thrombus disappearance. In a Cox propor-

tional hazards regression analysis of thepatientswhohad fol-

low-up imaging, oral anticoagulation use was not associated

with thrombus resolution (HRofDOACvswarfarin, 1.08; 95%

CI, 0.78-1.50; P = .64).

Competing Risks

Given the high risk of death in a population with significant

LVdysfunction,weaccounted for this competing riskbyevalu-

ating the risk of death according to oral anticoagulation strat-

egy. In unadjusted Cox proportional hazards regressionmod-

els,withcensoringat the timeofSSE, anticoagulation typewas

not associated with death (HR for DOAC, 1.19; 95% CI, 0.72-

1.96; P = .50). Finally, we examined the combined end point

of death or SSE. In an unadjusted Cox proportional hazards

regression model, treatment with a DOAC vs warfarin was

significantly associated with death or SSE (HR, 1.55; 95% CI,

1.05-2.30; P = .03). Survival free of death or SSE is shown in

the eFigure in the Supplement.

Landmark Analyses

To evaluate for the possibility of an uneven distribution of

LV thrombi of such high risk that they would undergo rapid

embolization regardless of anticoagulation strategy, we per-

formed a landmark analysis with exclusion of events within

the first 10 days after the index echocardiogram. This exclu-

sion resulted in the removal of 14 events, leaving 40 total SSE

events for analysis. After this adjustment, anticoagulation

withDOACvswarfarin remained significantly associatedwith

SSE on univariable Cox proportional hazards regression (HR,

2.67; 95% CI, 1.25-5.70; P = .01).

Given the delayed divergence of survival curves and the

potential for increased problems with confounding, we per-

Table 1. Baseline Demographic, Clinical, and Echocardiographic Characteristics of PatientsWith LV Thrombia

Characteristic

Patients, No. (%)

P valueb
DOAC only
(n = 121)

Warfarin only
(n = 236)

Therapy change
(n = 64)

Neither
(n = 93)

Age, mean (SD), y 58.1 (14.9) 58.2 (15.1) 55.5 (12.5) 61.6 (14.9) .06

Male sex 94 (77.7) 170 (72.0) 44 (68.8) 71 (76.3) .48

White race/ethnicity 73 (60.3) 119 (50.4) 32 (50.0) 60 (64.5)c .04

Type 1 and 2 diabetes 36 (29.8) 92 (39.0) 26 (40.6) 41 (44.1) .21

Hypertension 86 (71.1) 177 (75.0) 47 (73.4) 66 (71.0) .99

Hyperlipidemia 71 (58.7) 126 (53.4) 29 (45.3) 47 (50.5) .32

Ischemic cardiomyopathy 66 (54.5) 148 (62.7) 36 (56.3) 60 (64.5) .34

Venous thromboembolism 25 (20.7) 38 (16.1) 19 (29.7)c 11 (11.8)d .02

Atrial fibrillation 30 (24.8) 45 (19.1) 23 (35.9)c 23 (24.7) .04

Prior SSE 33 (27.3) 51 (21.6) 15 (23.4) 12 (12.9) .09

Presenting embolism 21 (17.4) 34 (14.4) 10 (15.6) 8 (8.6) .32

BMI, mean (SD) 28.2 (6.8) 28.8 (7.4) 30.5 (6.6) 26.8 (5.1)d .01

Estimated GFR, mean (SD),
mL/min/1.73 m2 80.5 (29.3) 75.8 (29.8) 79.4 (25.4) 75.5 (32.1) .45

GFR, mL/min/1.73 m2

<30 5 (4.1) 18 (7.6) 1 (1.6) 6 (6.5) .24

<15 1 (0.8) 8 (3.4) 0 0 .07

Echocardiographic contrast use 46 (38.0) 86 (36.4) 25 (39.1) 29 (31.2) .70

LV ejection fraction, mean (SD), % 27.7 (13.8) 28.2 (12.4) 25.1 (11.7) 26.6 (12.0) .33

Apical thrombus location 115 (95.0) 212 (89.8) 56 (87.5) 82 (88.2) .23

Mobile thrombus 19 (15.7) 39 (16.5) 12 (18.8) 19 (20.4) .79

Thrombus size, mean (SD), cm2 2.8 (2.1) 2.8 (2.5) 2.3 (1.5) 2.9 (2.7) .43

Protruding or pedunculated thrombus
morphologic characteristics

12 (9.9) 12 (5.1) 3 (4.7) 9 (9.7) .22

Antiplatelet therapy 77 (63.6) 164 (69.5) 38 (59.4) 61 (65.6) .42

Abbreviations: BMI, bodymass index

(calculated as weight in kilograms

divided by height in meters squared);

DOAC, direct oral anticoagulant;

GFR, glomerular filtration rate; LV, left

ventricular; SSE, stroke or systemic

embolism.

a Additional data on types of

antiplatelet regimens are available

in eTable 2 in the Supplement.

bCalculated from 1-way analysis of

variance testing for continuous

variables or χ2 test for categorical

variables.

c P < .05 compared with warfarin only

group.

dP < .05 compared with therapy

change group.

Table 2. Number of SSE Events, Deaths, and Bleeding Events Requiring Cessation in Anticoagulation

in PatientsWith Left Ventricular Thrombi

Anticoagulant

Events, No.

SSE Death Bleeding event

DOAC 17 14 8

Warfarin 14 32 19

Parenteral agent 11 12 4

None 12 57 NA

Total 54 115 31

Abbreviations: DOAC, direct oral

anticoagulant; NA, not applicable;

SSE, stroke or systemic embolism.
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formed landmark analyses at 3 and 6 months, in accordance

with the US and European guidelines.22,23 Within the first 3

months, therewere9SSEevents amongpatients being treated

with oral anticoagulation, including 4 events among patients

being treatedwithwarfarin and5events amongpatientsbeing

treated with a DOAC. In this period, there was no statistical

difference in the risk of SSE by oral anticoagulation (HR for

DOAC vs warfarin, 2.33; 95% CI, 0.63-8.74; P = .21). In the

interval from 3months to the end of follow-up, therewere 22

SSE events among patients being treatedwith oral anticoagu-

lation, including 10 events amongpatients being treatedwith

warfarin and 12 events among patients being treated with a

DOAC. Anticoagulation with a DOAC vs warfarin during this

period was associated with SSE on Cox proportional hazards

regression (HR, 2.88; 95% CI, 1.22-6.80; P = .02). There were

no events among patients being treated with oral anticoagu-

lation between 3 and 6months, such that the point estimates

were unchanged using the European guideline–recom-

mended 6-month time period as a landmark.

We performed an additional sensitivity analysis for pa-

tientswho completed90days of anticoagulation therapy and

then discontinued all oral anticoagulation. This analysis was

motivated by the possibility that patients with uncompli-

cated, short periods of effective anticoagulationmay result in

underweighting the effectiveness of oral anticoagulation in a

time-dependent analysis. In this analysis, there were 98 pa-

tients who discontinued therapy after completing at least 90

days of anticoagulation. Of these, 64 patients had follow-up

associated with warfarin (total follow-up time, 45043 days),

and 34 patients had follow-up associated with a DOAC (total

follow-up time, 11 715 days). Five events that had been con-

sidered as having occurredwithout oral anticoagulationwere

re-allocated tooral anticoagulants: 3were re-allocated towar-

farin use and 2 were re-allocated to DOAC use. After this ad-

Table 3. Results of Cox Proportional Hazards Regression Analysis

Variable

Univariable Multivariablea

HR (95% CI) P value HR (95% CI) P value

DOAC use (vs warfarin) 2.71 (1.31-5.57) .01 2.64 (1.28-5.43) .01

Prior SSE 2.13 (1.22-3.72) .01 2.07 (1.17-3.66) .01

Thrombus mobility 1.80 (0.96-3.38) .07 1.52 (0.80-2.87) .20

Patient age 0.99 (0.97-1.01) .19 NA NA

White ethnicity (vs other) 1.57 (0.91-2.70) .10 NA NA

Ischemic cardiomyopathy
(vs nonischemic)

0.89 (0.51-1.55) .69 NA NA

Body mass index 1.02 (0.99-1.06) .16 NA NA

Estimated GFR 1.00 (0.99-1.01) .61 NA NA

History

Atrial fibrillation 0.94 (0.49-1.79) .85 NA NA

Venous thromboembolism 1.03 (0.52-2.06) .93 NA NA

Antiplatelet therapy 0.98 (0.70-1.36) .90 NA NA

Bridging anticoagulation 0.96 (0.45-2.00) .90 NA NA

Presenting embolism 1.46 (0.73-2.91) .28 NA NA

Left ventricular ejection fraction 1.00 (0.97-1.02) .69 NA NA

Thrombus size 1.05 (0.95-1.18) .35 NA NA

Pedunculated or protruding thrombus
morphologic characteristics

1.00 (0.31-3.22) .99 NA NA

Abbreviations: DOAC, direct oral

anticoagulant; GFR, glomerular

filtration rate; HR, hazard ratio;

NA, not applicable; SSE, stroke or

systemic embolism.

a In multivariable analysis,

anticoagulation with DOAC

(vs warfarin) and prior SSE were

factors significantly associated with

SSE. These were included in a

multivariable Cox proportional

hazards analysis, along with

thrombusmobility, which was not

a factor significantly associated with

SSE in a univariable model but, with

P < .10, met prespecified criteria for

inclusion. In themultivariable

model, prior SSE and

anticoagulation with a DOACwere

significantly associated with

subsequent SSE.

Figure 2. Survival Curves for Freedom From Stroke and Systemic Embolism
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justment and theuse of univariable Coxproportional hazards

regression,DOACvswarfarinuse remainedassociatedwithSSE

(HR, 2.69; 95% CI, 1.37-5.26; P = .004).

We also performed an analysis censoring all events after

1 year. In the first year of follow-up, there were 15 SSE events

among patients being treated with oral anticoagulation, in-

cluding 6 events among patients being treated with warfarin

and 9 events among patients being treated with a DOAC. On

univariable Cox proportional hazards regression, SSEwas as-

sociated with anticoagulation with a DOAC vs warfarin (HR,

3.10; 95% CI, 1.10-8.73; P = .03).

Chronic Thrombi

Given themore recent introductionofDOACs, it ispossible that

older, and thus more stable, thrombi may be disproportion-

ately treated with warfarin. We attempted to account for this

scenario by censoring all patients after the third quartile of fol-

low-uptime(866days). Inthisanalysis, therewere14SSEevents

among patients being treated with a DOAC and 9 SSE events

amongpatientsbeing treatedwithwarfarin. InunivariableCox

proportional hazards regression with time-dependent covari-

ates, anticoagulation with a DOAC vs warfarin was associated

with SSE (HR, 3.35; 95% CI, 1.45-7.77; P = .005).

Treatment Switching

Weperformed an intention-to-treat–style analysis, categoriz-

ing patients according to the first oral anticoagulant used. Of

38 SSE events among patients treatedwith an oral anticoagu-

lant at any point, 27 occurred among patients initially being

treated with warfarin, and 11 occurred among patients ini-

tially being treatedwith aDOAC. In this analysis, 7 events that

occurred among patients being treated with a DOACwere as-

sociatedwith warfarin, 6 events that occurredwhile patients

were not receiving oral anticoagulation were associated with

warfarin, and 1 event that occurredwhile patientswerenot re-

ceiving oral anticoagulation was associated with a DOAC

(eTable 4 in the Supplement). On univariable Cox propor-

tional hazards regression, the first oral anticoagulantwas not

associatedwithsubsequentSSE(HRforDOACvswarfarin, 1.42;

95% CI, 0.68-2.96; P = .35).

Toaccount for thepresenceofunmeasuredconfoundersas-

sociatedwithtreatmentswitching,wecomparedthegroup-level

riskofSSEeventsbetweenthetherapy-change,DOAC-only,and

warfarin-only groups, without any time-dependent covariate

analysis.OnCoxproportionalhazards regressionanalysiswith

thewarfarin-onlygroupasa reference, therewasnosignificant

increaseintheriskofSSEfortheDOAC-onlygroup(HR,1.99;95%

CI,0.91-4.35;P = .08).Comparedwith thewarfarin-onlygroup,

the therapy-change group demonstrated a similar risk of SSE

(HR,1.13;95%CI,0.48-2.70;P = .12).Additionalanalysisofevents

by type of cardiomyopathy and after treatment changes are in

eAppendix 4 and eAppendix 5 in the Supplement.

Discussion

The presentmulticenter, retrospective study of patientswith

echocardiographically diagnosed LV thrombi is the largest of

its kind todate, toourknowledge.Among thekey findingswas

that DOAC treatmentwas associatedwith an increased risk of

SSE events compared with warfarin use, even after adjust-

ment for other factors. Prior SSEwas also associatedwith SSE

events. Of the 421 patients treatedwith anoral anticoagulant,

185 (43.9%) used an off-label DOAC for at least part of their

treatment course.

The reason for theobservedhigher rate of vascular events

with DOAC treatment is unclear, particularly given the com-

parability of DOACs andwarfarin for the treatment of AF, but

several factors can be considered. Anticoagulation for AF, the

indication forwhichDOACsweredeveloped, involves thepre-

vention of thrombus development in addition to dissolution

of existing thrombi. Only the latter is applicable to existing LV

thrombi. In a prospective study of left atrial appendage

thrombi, treatment with rivaroxaban was associated with a

41.5% rate of thrombus resolution.24 However, there was no

direct comparison with warfarin. It is also possible that dif-

ferent classes of DOACs, and even individual agents, possess

differing levels of effectiveness for treatment of LV thrombi.

Among theDOACs in thepresent analysis,mostwere oral fac-

tor Xa inhibitors.

Thereare also intrinsicdifferencesbetween thrombi in the

LV and AF-related thrombi in the left atrium and its append-

age that may complicate interchangeability. Whereas AF-

related thrombi are thought to be primarily caused by stasis,

LV thrombosis in settings such as acutemyocardial infarction

is associatedwithbothstasis andendocardial changes.25These

differences in thrombogenesis may reasonably translate into

differences in antithrombotic activity and thus anticoagula-

tion responsiveness.

Alsoof interest is the lateseparationofeventcurves, largely

after the initial anticoagulation window associated with LV

thrombi. One potential explanation is that some late embolic

events are associatedwithphenomenaoutside theLV, suchas

vascular atheroemboli or calcifications, leaflet thrombosis, or

septic vegetations that, in turn, may be differentially sup-

pressed by DOACs comparedwithwarfarin. Finally, it may be

that some LV thrombi aremarkers of longer-term thrombotic

risk that persists after the initial periodof anticoagulation and

even despite thrombus resolution.

Other retrospective studies have addressed the issue of

DOACs for LV thrombus, including by one of the centers in

the present analysis.26-29None has allowed for assessment of

robust differences betweenDOACs andwarfarin because they

were limited to a single-center design, small numbers of pa-

tients (the largest consisting of 140 LV thrombi), shorter fol-

low-up period, exclusive reliance on the medical record for

event data and,most important, very fewSSE events (noneof

the studies hadmore than 5 SSE events). By contrast, the pre-

sent study is the largest and only multicenter study to date,

to our knowledge, evaluating the use of DOACs to reduce em-

bolic events in LV thrombi. In addition to a review ofmedical

records, patients were contacted directly to obtain informa-

tion about embolic events.

Other studies examining the use of DOACs for patients

with LV thrombi have relied on resolution on imaging results

as evidence of treatment effect; however, there was substan-
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tial variation in the presence and frequency of imaging

follow-up in our retrospective study. More than one-third of

patients with LV thrombus had no additional echocardio-

gram after initial diagnosis. Moreover, echocardiography has

limited sensitivity for the diagnosis of LV thrombi.30 Finally,

the absence of a visible thrombus could indicate one that

embolized or one that has dissipated, further clouding the

utility of this end point. For these reasons, a patient-

centered end point focusing on clinically apparent embolic

events was preferable.

Limitations

The present study has several limitations by virtue of its ret-

rospective nature, particularly the possibility of unmeasured

confounders accounting for the difference in embolic events

between DOACs andwarfarin. However, therewas no signifi-

cantdifferencebetweenmostof theclinicalvariables thatwere

measured. Even so, after adjustment for known factors asso-

ciatedwithembolic risk fromprior literature, including throm-

busmorphologic characterstics andmobility, as well as those

identified here (history of SSE), the difference betweenDOAC

treatmentandwarfarin treatmentpersisted.Therewasnocen-

tralized review of echocardiographic images; instead, we re-

lied on the clinical report of each echocardiogram and the lo-

cal measurement of the 2-dimensional thrombus area.

Standardized expert assessment of thrombus morphologic

characteristics andmobility by a core laboratorymayhave al-

lowed for finer adjudication of these characteristics and thus

better discrimination of embolic risk, whichmight have been

unevenly distributed between patients takingDOACs and pa-

tients taking warfarin. We did not track bleeding events as a

primary end point, ceding this question to the prior clinical

trials for each DOAC.31-34 The absence of information on dos-

ing, including use of regimens outside US Food and Drug Ad-

ministration labeling forDOACs is another limitation. Finally,

we did not obtain data on adherence to DOACs or the time in

therapeutic range forwarfarin treatment. Althoughwe found

no evidence that the observed differences in SSE eventswere

caused by low adherence to DOACs, the present analysis can-

not exclude this possibility.

Conclusions

In this multicenter, retrospective study ofmore than 500 pa-

tients with LV thrombi with 54 SSE events, 43.9% of patients

treated with oral anticoagulation used an off-label DOAC for

part of their course. Treatment with a DOAC was associated

with a higher risk of SSE events compared with warfarin use,

evenafter adjustment forother factors.These findingsare lim-

ited by the lack of randomization andby the retrospective na-

ture of this analysis. However, the findings argue against the

assumption of equivalence of DOACs and warfarin for LV

thrombi before outcomes can be compared in a prospective

trial. In the interim, off-label use of DOACs for LV thrombi

shouldbeundertakenwith caution.Randomizedclinical trials

are needed to determine themost effective treatment strate-

gies for patients with LV thrombi.
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Editor's Note

High Rates of Off-label Prescribing and the Urgent Need

for a Randomized Clinical Trial
AnnMarie Navar, MD, PhD; RoxanaMehran, MD

Direct oral anticoagulants (DOACs) have been a break-

through therapy for adults with nonvalvular atrial fibrilla-

tion and venous thromboembolic disease, disease states for

which these drugs have been approved by the US Food and

Drug Administration. How-

ever, these therapies are not

a panacea. Most notably,

warfarin remains the standard of care for those with

mechanical valves. The Randomised, Phase II Study to

Evaluate the Safety and Pharmacokinetics of Oral Dabigatran

Etexilate in Patients After Heart Valve Replacement (RE-

ALIGN) trial, a phase 2 study of dabigatran vs warfarin, was

stopped early because of excess thromboembolic and bleed-

ing events in those receiving dabigatran compared with

those receiving warfarin.1

The ease of dosing and lack of requirement for dietary

restrictions or daily monitoring, combined with the strength

of data in atrial fibrillation and venous thromboembolic dis-

ease, makes off-label use of DOACs tempting. As demon-

strated in the Retrospective Evaluation of DOACs and Vascu-

lar Endpoints of Left Ventricular Thrombi (RED VELVT)

observational study2 in this issue of JAMA Cardiology, off-

label use of DOACs for this purpose is high; of the 514

patients included in this study, 185 (36%) had been treated

with a DOAC, including 121 treated exclusively with a DOAC.

It was concerning that those treated with DOACs had higher
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eTable 1. Types of Cardiomyopathy 
The types of cardiomyopathy of patients enrolled, including counts, is presented in eTable 1. 
 

Type of 
Cardiomyopathy n % 

Ischemic 308 59.9% 

NICM NOS 130 25.3% 

Unknown 40 7.8% 

Peripartum 11 2.1% 

Hypertrophic 8 1.6% 

Chemotherapy 7 1.4% 

Tachycardia 4 0.8% 

Stress 4 0.8% 

Familial 2 0.4% 
 
Number of enrolled patients with each type of cardiomyopathy, including non-ischemic cardiomyopathies (NICM). 
NOS = not otherwise specified. 
 
 
 
eTable 2. Antiplatelet Therapy 

 DOAC 
Warfarin 

Only 
Therapy 
Change Neither 

No Antiplatelet 44 (36.4%) 72 (30.5%) 26 (40.6%) 32 (34.4%) 

ASA 56 (46.3%) 109 (46.2%) 26 (40.6%) 44 (47.3%) 

DAPT 10 (8.3%) 43 (18.2%) 11 (17.2%) 14 (15.1%) 

P2Y12 Inhibitor Only 11 (9.1%) 12 (5.1%) 1 (1.6%) 3 (3.2%) 

Total 121 236 64 93 
 



© 2020 American Medical Association. All rights reserved. 

eAppendix 1. Patient Follow-Up and Anticoagulation Duration 
Median follow-up in patients treated with any oral anticoagulant was 418 days (IQR 139 – 927 days). Median 
treatment duration with all oral anticoagulation was 207 days (IQR 57 – 491.5 days), compared with median 
treatment of 241 days (IQR 47 – 579.5 days) with warfarin and 95.5 days with DOACs (IQR 69 – 373 days). Across 
all patients, aggregated treatment periods with warfarin and DOACs were 138,264 and 57,906 days, respectively. 
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eAppendix 2. Treatment Switching 
Of the 64 patients who changed oral anticoagulant classes, there were a total of 71 switches, such that 7 patients 
changed twice between anticoagulant classes. Of these changes, 52 (73.2%) involved the switch from warfarin to a 
DOAC, and 19 (26.8%) were the result of changing from a DOAC to warfarin. Warfarin-to-DOAC switches tended 
to occur later after the diagnosis of LV thrombus (277 days, IQR 9.5 – 406.5 days), as compared to DOAC-to-
warfarin switches (43 days, IQR 7 – 220 days). The most common cause of a warfarin-to-DOAC switch was 
convenience (10 switches or 19.2% of the total), whereas the most common cause of a DOAC-to-warfarin switch 
was cost (6 switches or 31.6% of the total).  
There were no DOAC-to-warfarin switches for bleeding, compared with 3 (5.8%) warfarin-to-DOAC switches 
prompted by bleeding. There were 4 (21.1%) DOAC-to-warfarin switches prompted by effectiveness concerns, 
including thrombus non-resolution, compared with 2 (1.9%) warfarin-to-DOAC switches for this same reason. 
There were 8 (15.4%) warfarin-to-DOAC switches made out of concerns about medication adherence, but no 
DOAC-to-warfarin changes due to adherence concerns. The warfarin-to-DOAC switches for adherence concerns 
were followed by a total of 3 SSE. Given this, we performed a sensitivity analysis, excluding the 3 SSE on DOACs 
that occurred after a switch from warfarin due to concern about medication adherence. After this adjustment, 
anticoagulation with DOAC remained a significant predictor of SSE on univariable Cox regression (HR vs warfarin 
2.16, 95% CI 1.01 – 4.61, p = 0.048). 
A more comprehensive description of the timing and reasons for anticoagulation changes is included in eTable 3.  
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eTable 3. Timing and Reasons for Anticoagulation Changes 

 
Warfarin to 

DOAC 
DOAC to 
Warfarin All Changes 

Total 52 19 71 

Time, median (days) 277 43 207 

Time, IQR (days) 9.5 - 406.5 7 - 220 6 - 278.5 

Reason for Change   

Cost 1 (1.9%) 6 (31.6%) 7 (9.9%) 

Convenience 10 (19.2%) 0 10 (14.1%) 

Labile INR Values 8 (15.4%) 0 8 (11.3%) 

Adherence 8 (15.4%) 0 8 (11.3%) 
Effectiveness 

Concerns 2 (3.8%) 4 (21.1%) 6 (8.5%) 

Change in Renal 
Function 0 1 (5.3%) 1 (1.4%) 

Bleeding 3 (5.8%) 0 3 (4.2%) 

Alternate Indication 9 (17.3%) 3 (15.8%) 12 (16.9%) 

Other 4 (7.7%) 2 (10.5%) 6 (8.5%) 

Unknown 7 (13.5%) 3 (15.8%) 10 (14.1%) 
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eAppendix 3. Atrial Fibrillation 
In a univariable Cox regression model, a history of AF was not predictive of SSE (HR 0.94, 95% CI 0.49 – 1.79, p = 
0.85. We also performed a subgroup analysis, excluding patients with a history of AF. This resulted in exclusion of 
121 patients and 23 events. In a univariable Cox regression model of patients without AF, anticoagulation with a 
DOAC was a predictor of SSE (HR vs warfarin 2.59, 95% CI 1.20 – 5.63, p = 0.02). 
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eAppendix 4. Cardiomyopathy Type 
In order to account for differences in endomyocardial pathology and thus thrombogenesis between ischemic and 
non-ischemic cardiomyopathies, we repeated our primary analysis among subgroups, according to type of 
cardiomyopathy. Among patients with non-ischemic cardiomyopathy (n = 204, events = 15) anticoagulation with a 
DOAC remained a predictor of SSE (HR vs warfarin 3.13, 95% CI 1.04 – 9.37, p = 0.04). However, the statistical 
difference between DOACs and warfarin was not preserved in the sub-group of patients with ischemic 
cardiomyopathy (n = 310, SSE = 16, HR vs warfarin 2.17, 95% CI 0.8 – 5.86, p = 0.13). 
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eAppendix 5. Events After Treatment Changes 
In order to account for the possibility that events occurring soon after a change in anticoagulation strategy could 
mechanistically result from, but would not be linked to, an oral anticoagulation regimen, we performed a sensitivity 
analysis, re-attributing any SSE occurring within 30 days after a change in oral anticoagulation regimen to the 
preceding anticoagulant. There were only 2 such events, both occurring within 30 days of warfarin discontinuation. 
There were no such events within 30 days after discontinuation of a DOAC. On Cox univariable regression, 
anticoagulation with a DOAC was a predictor of SSE (HR vs warfarin 2.34, 95% CI 1.17 – 4.71, p = 0.02).  
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eTable 4. Comparison of Oral Anticoagulant at the Time of SSE With the Initial Agent 
 

 
Initial oral 

anticoagulant 
Oral anticoagulant 

at time of SSE 

Warfarin 27 14 

DOAC 11 17 

None  7 
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eFigure. Survival Curves for Survival Free of Stroke and Systemic Embolism 

 
Survival free from a composite of death, stroke and systemic embolism in patients with left ventricular thrombus 
after index echocardiograph, Mantel Byar p < 0.01. 
 


