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Direct Oral Anticoagulants Versus Vitamin K Antagonists for
the Treatment of Left Ventricular Thrombus: An Updated

Meta-Analysis of Cohort Studies and Randomized
Controlled Trials
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Abstract: Left ventricular thrombi (LVTs) increase the risk of
stroke, systemic embolism, and subsequent death. Current guidelines
recommend vitamin K antagonists (VKAs) as first-line treatment for
LVT. Direct oral anticoagulants (DOACs) are increasingly used as
alternatives to warfarin for the treatment of LVT. However, the
efficacy and safety of DOACs versus VKAs remain controversial.
Thus, we conducted an updated meta-analysis of DOACs versus
VKAs for LVT treatment. We systematically searched PubMed,
Embase, ClinicalTrials, and Cochrane Library databases for relevant
articles published before December 11, 2021. The relative risks
(RRs) with 95% confidence intervals (CIs) were calculated for each
study. The meta-analysis included 12 cohort studies and 3 random-
ized controlled trials with a total of 2334 patients. We found that
DOACs had a lower risk of clinically significant bleeding than
VKAs (RR = 0.6; 95% CI, 0.39 to 0.90; P = 0.01; I2 = 0%). There
was no difference in LVT resolution (RR = 1.01; 95% CI, 0.93 to
1.09; P = 0.48; I2 = 0%), stroke and/or systematic embolic events
(RR = 0.87; 95% CI, 0.11 to 1.55; P = 0.2; I2 = 30%), and all-cause
mortality (RR = 0.9; 95% CI, 0.58 to 1.4; P = 0.65; I2 = 0%).
Overall, DOACs are noninferior to warfarin in LVT treatment but
have a lower risk of clinically significant bleeding. This suggests that
DOACs might be better alternatives to warfarin for LVT treatment.
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INTRODUCTION
Left ventricular thrombus (LVT) is a common compli-

cation of acute MI, and it also occurs in patients with
nonischemic cardiomyopathy and severe cardiac dysfunction,
such as dilated cardiomyopathy, stress cardiomyopathy, and
left ventricular noncompaction. Previous studies have shown
that LVT significantly increases the risk of stroke, systemic
embolism, and subsequent death.1 Current guidelines recom-
mend vitamin K antagonists (VKAs) as the first-line antico-
agulant therapy for LVT.2,3 However, VKAs have many
disadvantages, such as a slow-onset anticoagulant effect, need
for bridging therapy, interaction with drugs and food, indi-
vidual genetic differences, and need for frequent monitoring
of international standardized ratios.

Both controlled clinical trials and real-world studies
have shown that direct oral anticoagulants (DOACs) are
noninferior to VKAs and have several advantages. Therefore,
DOACs are preferred in patients with nonvalvular atrial
fibrillation (AF) and venous thromboembolism. Owing to
their efficacy and safety, DOACs are increasingly being used
as off-label alternatives to VKAs for the treatment of LVT in
clinical practice. However, most studies on DOACs for LVT
are retrospective cohort studies or case series. Moreover, the
conclusions of meta-analyses comparing the efficacy and
safety of DOACs and VKAs for LVT treatment are contro-
versial.4,5 Recently, several cohort studies and 3 randomized
controlled trials (RCTs) have been completed.6–13 Therefore,
we conducted an updated systematic review and meta-
analysis to compare the safety and efficacy of DOACs and
VKAs in patients with LVTs.

METHOD
We performed an updated systematic review and meta-

analysis in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis.14 The study protocol
was registered at www.crd.york.ac.uk/prospero as
CRD42021290293.
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Search Strategy and Study Selection
We systematically searched PubMed, Embase,

ClinicalTrials, and Cochrane Library databases for relevant
articles published before December 11, 2021. The following
keywords were included “left ventricular thromb*”,
“DOAC*”, “NOAC*”, “direct anticoagulant*”, “new oral anti-
coagulant*”, “warfarin”,“rivaroxaban”, “apixaban”, “edoxa-
ban”, “dabigatran”, and “vitamin K antagonist*”. Articles
meeting the following criteria were selected: (1) cohort studies
and/or RCTs; (2) adult patients with LVT evaluated using
transthoracic echocardiography (TTE), left ventriculography,
or cardiac magnetic resonance imaging; (3) comparisons
between DOACs and VKAs; and (4) evaluation of safety
and efficacy in thromboembolic events, clinical bleeding com-
plications, thrombus resolution, and all-cause mortality.
Posters, conference abstracts, and non-English articles were
also excluded. Clinical trials with results that met the inclusion
criteria were included in this meta-analysis. Any disagreements
in the study selection process were resolved by consensus.

Data Extraction and Quality Evaluation
Information about patient characteristics, publication

year, study design, study period, sample size, type of VKA,
type of DOAC, follow-up duration, and outcome measures
was systematically extracted by KW and MZ. The quality of
the included cohort study was evaluated using the Newcastle–
Ottawa Scale (NOS).15 According to the NOS, selection score
for each study was 0–4, comparability score for the study
groups was 0–2, and ascertainment score for the outcome of
interest was 0–3. The included studies were classified as high
(0–4), medium (5–7), or low (8–9) risk of bias. The quality of
RCTs was assessed using a modified Jadad 7-point scale,
which contains 2 questions each on randomization, conceal-
ment of allocation, and double-blinding, and 1 question on
the reporting of dropouts and withdrawals.16 A Jadad score of
$4 was considered high quality and #3 was considered low
quality. Any disagreement in the data extraction and appraisal
process was resolved by a third reviewer (Q.X.).

Outcome Assessment
The effective end points included thromboembolic

events (defined as stroke and/or systemic embolic events
during the observation period) and thrombus resolution
(defined as the absence of thrombus on repeat imaging).
Safety end points included clinically significant bleeding and
all-cause mortality. Clinically significant bleeding was
defined as bleeding requiring clinical management and/or
hospitalization as defined in each study.

Statistical Analysis
The relative risks (RRs) with 95% confidence intervals

(CIs) were calculated for each study. Statistical heterogeneity
was assessed using the I2 test (I2 . 50%, indicated heteroge-
neity) and x2 test (P , 0.10, considered significant). We used
a random effects model when there was significant heteroge-
neity among the included trials; otherwise, we used a fixed
effects model. We also performed a subgroup analysis to
assess the effect of study design (observational study vs.

RCTs) on safety and efficacy outcomes. Sensitivity analysis
was conducted by “one-study removed” method to examine
the credibility of the results. Publication bias was visually
assessed using a funnel plot. Egger’s linear regression test
was performed when the outcomes included 10 or more stud-
ies. All analyses were performed using the Review Manager
(version 5.4) and R software (version 4.0.3).

RESULTS

Identification and Selection of Studies
After removing duplicates and animal studies, the initial

search yielded 163 relevant studies. After screening titles and
abstracts, 26 potentially relevant articles were selected and
retrieved for more detailed information. Further screening for
eligibility was performed by 2 independent reviewers (K.W.
and M.Z.), according to the inclusion and exclusion criteria.
Ultimately, 12 cohort studies6–10,17–23 and 3 RCTs11–13 met
the inclusion criteria and were included in our systematic
review (Fig. 1).

A total of 2334 patients were enrolled in the updated
meta-analysis; specifically, 1705 patients in the VKA group
and 629 patients in the DOAC group. The mean age of the
patients with LVT was 60 years; most of the patients were
male (74.7%), and 64.8% of patients had ischemic heart
disease. TTE was the main diagnostic method for LVT, and
cardiac magnetic resonance imaging and left ventricular
angiography were used in some patients. All the clinical
study results were published between 2020 and 2021. The
follow-up duration ranged from 3 months to 36 months. Of
the 629 DOACs patients, rivaroxaban (251 of 499, 50.3%)
was the most frequently used DOACs, followed by apixaban

FIGURE 1. Selection process for studies included in meta-
analysis.
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(202 of 499, 40.4%), dabigatran (44 of 499, 8.8%), and
edoxaban (2 of 499, 0.4%); types of DOACs were not
reported in the other 130 patients. In most studies, VKAs
mainly referred to warfarin (98.4%), with the exception of 1
study in which acenocoumarol and fluindione were also used.
Supplemental Digital Content 1 (see Table 1, http://links.
lww.com/JCVP/A802) shows the characteristics of the
included cohort studies and RCTs. The overall score of the
12 observational cohort studies ranged from 5 to 8 according
to the NOS, and the 3 RCTs had an overall score of 3–5
according to the modified Jadad score. The details of the
quality assessments are shown in Supplemental Digital
Contents 2 and 3 (see Tables 2 and 3, http://links.lww.
com/JCVP/A803 and http://links.lww.com/JCVP/A804).

Effective End Points
There was no difference between DOACs and VKAs

regarding LVT resolution when data from 13 studies7–12,17–23

were pooled (RR = 1.01; 95% CI, 0.93 to 1.09, P = 0.48, I2 =
0%). Similar results were obtained by subgroup analysis
based on different study designs (Fig. 2A). Fifteen articles6–

13,17–23 reported on stroke and/or systematic embolic events.
The pooled RR for stroke and/or systematic embolic events
was 0.87 (95% CI, 0.11 to 1.55, P = 0.2), but this analysis
demonstrated substantial heterogeneity (I2 = 67.2%)
(Fig. 2B). Further subgroup analysis eliminated heterogene-
ity, and we found that compared with VKAs, the DOAC
group in RCTs had a lower thromboembolic event rate
(1.4% vs. 11.2%, P = 0.06).

Safety End Points
Bleeding events, particularly clinically significant

bleeding events, are the focus of anticoagulant safety in
LVTs. Thirteen studies (10 cohort studies and 3 RCTs, 2295
patients)6–13,17,20–23 reported bleeding outcomes. Pooling all
data, we found that DOACs had a lower risk of clinically
significant bleeding than VKAs during LVT treatment (RR
= 0.6, 95% CI, 0.39 to 0.90, P = 0.01, I2 = 0%). Further
subgroup analysis revealed that, whether in RCTs or cohort
studies, the risk of clinical bleeding in the DOAC group was
lower than that in the VKA group (RR = 0.29, 95% CI, 0.08
to 1.02, P = 0.05, I2 = 0%; RR = 0.66, 95% CI, 0.42 to 1.03, P

FIGURE 2. Pooled effects of DOACs versus VKAs on thrombus resolution (A), thromboembolic events (B), significant bleedings
(C), and all-cause mortality (D).
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= 0.07, I2 = 0%) (Fig. 2C). Regarding all-cause mortality, 7
studies (5 cohort studies and 2 RCTs, 714
patients)9,10,12,13,17,21,23 were included in the meta-analysis.
No significant difference was detected between DOACs and
VKAs in LVT treatment (RR = 0.9, 95% CI, 0.58 to 1.4, P =
0.65, I2 = 0%) (Fig. 2D).

Publication Bias
Possible publication bias for each end point was

assessed using a funnel plot. Except for thromboembolic
events, the funnel plot was symmetrical (see Figure 1,
Supplemental Digital Content 4, http://links.lww.com/
JCVP/A800), and no asymmetry was found when tested using
the Egger’s test (P for thrombus resolution = 0.7422; P for
thromboembolic events = 0.1211; P for clinically significant
bleeding = 0.1185). Because only 7 studies were included for
all-cause mortality, funnel plots and Egger’s test were not
performed to test for publication bias.

Sensitivity Analysis
Sensitivity analysis by “one-study removed” method

yielded consistent results expect for pooling the data of
thromboembolic events (see Figure 2, Supplemental
Digital Content 5, http://links.lww.com/JCVP/A801).
When Robinson’s study was excluded, DOACs showed a

trend toward lower thromboembolic events (RR = 0.77,
95% CI, 0.61 to 0.96, P = 0.02, I2 = 0%) (Fig. 3).

DISCUSSION
To the best of our knowledge, this is the largest meta-

analysis to compare DOACs and VKAs in LVT treatment,
which involved 12 cohort studies and 3 RCTs. In this updated
meta-analysis, we found that DOACs had a lower risk of
clinically significant bleeding than VKAs in LVT treatment.
No differences were observed in the LVT resolution,
thromboembolic events, or all-cause mortality.

LVT is a common complication of ischemic and
nonischemic cardiomyopathies and is associated with sys-
temic thromboembolism and death. In the thrombolytic era
(TTE as a diagnostic tool), the incidence of LVT is
approximately 17% in all patients after acute MI and up to
34%–57% in those with anterior MI.24 In the percutaneous
coronary intervention (PCI) era, the incidence of LVT (as-
sessed by TTE) dropped below 10% owing to the deployment
of primary PCI, use of neurohormonal antagonists, and potent
antithrombotic combinations.25 However, in patients with
anterior MI and left ventricular ejection fraction ,50%, the
incidence of LVT (assessed by cardiac magnetic resonance
imaging) still reached 20%.26,27 Moreover, even in the con-
temporary PCI era, the incidence of systemic embolisms in

FIGURE 3. Effects of DOACs versus VKAs on thromboembolic events when excluding the study by Robinson.
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patients with LVT remains high. A 2018 study by Maniwa
et al28 indicated systemic embolism rates as high as 16.3% in
patients with LVT, 5 times higher than those in non-LVT
patients. In addition, more than 10% of patients with LVT
die within 1 year.29 According to current European and
American guidelines, patients with LVT should receive anti-
coagulant therapy for 3–6 months.2,3 VKAs (mainly warfarin)
are recommended as the first-line oral anticoagulants for LVT
treatment. Warfarin inhibits the synthesis of coagulation fac-
tors IIa, VIIa, IXa, and Xa. Moreover, it also inhibits the
synthesis of protein C and protein S. Owing to the delay in
factor II inhibition, concomitant administration of unfractio-
nated heparin or low-molecular-weight heparins is required
for at least 3 days. Furthermore, warfarin has many other
drawbacks, such as drug and food interactions, substantial
individual variability in dose response, and frequent monitor-
ing, all of which lead to poor compliance.

In the past 10 years, new DOACs have been approved
for anticoagulant treatment of nonvalvular AF and venous
thromboembolic diseases.30 The anticoagulation effects of
DOACs are achieved by inhibiting thrombin (dabigatran) or
factor Ⅹa (rivaroxaban, apixaban, and edoxaban) in the coag-
ulation cascade. DOACs have many attractive properties such
as less interaction with food and drugs, less frequent blood
tests, and faster onset without the need for bridging therapy.
In addition, DOACs can achieve consistent anticoagulant
effects. At present, both clinical trials and real-world data
confirm that DOACs are superior to warfarin in preventing
and treating thromboembolic events in patients with nonvalv-
ular AF.31 Because the pathophysiological mechanism of
LVT is similar to that of AF-related thrombi (eg, low flow
and low shear environment), NOACs may be applicable for
the treatment of LVT. For these reasons, the off-label appli-
cation of NOACs for the treatment of LVT is becoming
popular.

However, the efficacy and safety of DOACs versus
warfarin for treating LVT remain controversial.4,5 Recently,
Robinson et al23 conducted a multicenter retrospective study
including 514 patients with LVT, of whom 186 were treated
with apixaban, 300 with warfarin, and 64 with treatment
switching. The study showed that apixaban had a higher risk
of stroke or systemic embolic events than warfarin did.
However, this difference disappeared when the apixaban-
only (236 patients) and warfarin-only (121 patients) groups
were compared (RR for apixaban vs. warfarin =1.99, 95% CI,
0.91 to 4.35, P = 0.08). The results remained statistically
insignificant after intention-to-treat analysis (RR for apixaban
vs. warfarin = 1.42, 95% CI, 0.68 to 2.96, P = 0.35). The
retrospective nature, lack of randomization, and confounding
factors may explain the different conclusions of the study by
Robinson et al. This updated meta-analysis showed that there
was no difference between DOACs and VKAs regarding
stroke and/or systemic embolism when data from 15 studies
(12 cohort studies and 3 RCTs, 2334 patients) were pooled.
Interestingly, the pooled analysis of the 3 RCTs also showed
that DOACs had a lower incidence of thromboembolic events
than VKAs (1.4% vs. 11.2%, P = 0.06). However, the follow-
up duration for all the 3 RCTS was only 3–6 months. Given
that the study by Maniwa28 showed that 53% of

thromboembolic events occurred after 6 months, large-scale
RCTs with long-term follow-up durations are needed to pro-
vide more convincing results. Pooling all the current data, we
found that NOACs did not increase the incidence of throm-
boembolism compared with warfarin.

Clinically significant bleeding is a major concern
during LVT treatment. This meta-analysis found that 64.8%
of the patients with LVT who had ischemic heart disease
required concomitant single or dual antiplatelet therapy.
Pooling all 13 studies, we found that DOACs reduced
clinically significant bleeding compared with VKAs.
Rivaroxaban, dabigatran, and apixaban plus P2Y12 (and/or
aspirin) resulted in a lower incidence of major bleeding than
conventional warfarin regimens in patients with nonvalvular
AF with MI or PCI, which has been confirmed by large RCTs
of PIONEER AF-PCI, RE-DUAL PCI, and AUGUSTUS.32–
34 Edoxaban-based regimens had a similar risk of major or
clinically relevant nonmajor bleeding as warfarin-based an-
tithrombotic regimens (ENTRUST-AF-PCI).35 In this meta-
analysis, the application proportion of rivaroxaban, apixaban,
and dabigatran accounted for 99.6%, whereas that of edoxa-
ban was only 0.4%, which led to a similar conclusion that
clinically significant bleeding from DOACs was lower than
that from VKAs.

Although DOACs have been widely used in recent
years, warfarin is still irreplaceable in specific conditions.36

The first condition is anticoagulant therapy for LVT com-
plicated with renal insufficiency. Each DOAC available is
excreted through the kidney, and renal dysfunction affects
the bioavailability of drugs. Therefore, renal function needs
to be evaluated before using DOACs. When creatinine clear-
ance is ,15 mL/min, only VKAs can be used. The second
condition is anticoagulant treatment of LVT with mechani-
cal prostheses or moderate-to-severe mitral stenosis of rheu-
matic origin. Given that all phase III clinical trials is
comparing DOACs and VKAs exclude DOACs, VKAs are
the only oral anticoagulant that can be used in such contexts
where DOACs are contraindicated. In short, anticoagulant
therapy of LVT is very challenging, taking into account
renal function, concomitant disease, and so on. Currently,
2 RCTs (NCT03764241 and NCT04970576) and 1 observa-
tional study (NCT05028777) are being conducted to com-
pare the efficacy and safety of DOACs and VKAs in LVT
treatment. These results provide further evidence for clinical
practice.

Limitations
Our meta-analysis had several limitations. (1) Most of

the included studies were retrospective cohort studies, and the
sample size of the RCTs was small. (2) Patient characteristics,
type of DOACs, time in the therapeutic range of warfarin,
antithrombotic regimens, definition of clinical events, and
follow-up durations varied between studies. (3) In most
studies, LVT was assessed using TTE, which has limited
sensitivity, suggesting that LVT may be missed. Therefore,
the generalizability of the findings is limited. Larger RCTs
with long-term follow-up are expected to provide more
convincing evidence to improve generalizability.
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CONCLUSIONS
DOACs are noninferior to warfarin in the treatment of

LVT but have a lower risk of clinically significant bleeding.
This suggests that DOACs might be better alternatives to
warfarin for LVT treatment.
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