
RESEARCH ARTICLE

Therapeutic efficacy of direct oral

anticoagulants and vitamin K antagonists for

left ventricular thrombus: Systematic review

and meta-analysis

Tetsuji KitanoID
1*, Yosuke NabeshimaID

2, Masaharu Kataoka2, Masaaki Takeuchi3

1 Department of Cardiology and Nephrology, Wakamatsu Hospital of the University of Occupational and

Environmental Health, Kitakyushu, Japan, 2 Second Department of Internal Medicine, University of

Occupational and Environmental Health, School of Medicine, Kitakyushu, Japan, 3 Department of Laboratory

and Transfusion Medicine, University of Occupational and Environmental Health Hospital, Kitakyushu, Japan

* syuukyuu1986@gmail.com

Abstract

Background

Although several meta-analyses have compared efficacies of vitamin K antagonists (VKAs)

and direct oral anticoagulants (DOACs) for treatment of left ventricular thrombus (LVT),

those meta-analyses included no single-arm studies.

Methods and results

PubMed, Scopus, and the Cochrane Library databases were searched for articles investigating

thrombus resolution, stroke, any thromboembolism, major bleeding, any bleeding, or all-cause

death in LVT treated with VKAs or DOACs, and single-class meta-analyses were also included

(PROSPERO database, CRD42021230849). Event rates were pooled using a random effects

model. Meta-regression analysis was performed to explore factors that may influence out-

comes. 2,612 patients from 23 articles were included (VKAs: 2,004, DOACs: 608). There were

no significant differences between VKAs and DOACs in the frequency of thrombus resolution

(VKAs: 0.75 [95% confidence interval; 0.67 to 0.81], DOACs: 0.75 [0.67 to 0.82]), stroke (VKAs:

0.06 [0.04 to 0.10], DOACs: 0.02 [0.01 to 0.01]), any thromboembolism (VKAs: 0.08 [0.05 to

0.13], DOACs: 0.03 [0.01 to 0.10]), major bleeding (VKAs: 0.06 [0.04 to 0.09], DOACs: 0.03

[0.01 to 0.06]), any bleeding (VKAs: 0.08 [0.05 to 0.12], DOACs: 0.08 [0.06 to 0.10]), and all-

cause death (VKAs: 0.07 [0.04 to 0.13], DOACs: 0.09 [0.05 to 0.16]). Meta-regression analysis

revealed that increased duration of follow-up was associated with lower-rates of stroke (esti-

mate: -0.040, p = 0.0495) with VKAs, but not with DOACs. There was significant publication

bias for thrombus resolution, stroke, any thromboembolism, any bleeding, and all-cause death.

Conclusions

Efficacy and adverse outcomes of therapy with DOACs and VKAs do not differ. Randomized

controlled trials are needed to determine the optimal anticoagulant strategy.
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Introduction

Left ventricular thrombus (LVT) present serious complications in patients with stagnant left

ventricular (LV) blood flow, patients who have suffered a post-myocardial infarction or heart

failure (HF) with severely reduced LV systolic function. With timely and successful percutane-

ous coronary intervention (PCI) therapy, the incidence of LVT after myocardial infarction

(MI) has significantly decreased [1–3]. On the other hand, with aging societies, the prevalence

of HF is rapidly increasing [4], and the incidence of LVT associated with impaired LV systolic

function may also increase.

For treatment of LVT, European Society of Cardiology guidelines for the management of

acute myocardial infarction in patients with ST-segment elevation recommend the use of oral

anticoagulants up to 6 months, and American College of Cardiology/American Heart Associa-

tion guidelines state that anticoagulant therapy with a vitamin K antagonist (VKA) is reason-

able for patients with ST-segment elevation MI and asymptomatic LVT [5, 6]. However, VKAs

have several disadvantages, including slow onset of action, narrow therapeutic range, the need

to monitor the blood international normalized ratio (INR), the necessity of dietary restrictions,

and the risk of multiple drug interactions [7]. In contrast, direct oral anticoagulants (DOACs)

have fewer drug interactions and are more convenient than VKAs. Currently, DOACs are

approved worldwide for treatment of both non-valvular atrial fibrillation (AF) and venous

thromboembolism (VTE). In addition, in randomized controlled trials, DOACs have demon-

strated some advantages over VKAs for a variety of thromboses, including acute pulmonary

thromboembolism [8–10], cancer-related VTE [11–13], non-valvular AF with coronary artery

disease [14], and AF with bioprosthetic mitral valves [15]. Although there have been several

cases reports and case series on use of DOACs for treatment of LVT, only one randomized

controlled trial (RCT) has been published regarding the comparative efficacy and safety of

VKAs and DOACs [16].

Recently, several meta-analysis articles have been published comparing VKAs and DOACs

in treatment of LVT [17–24]. However, these meta-analyses included only direct comparative

studies between VKAs and DOACs, and did not include single-arm studies. The failure to

enroll studies that examined only one of the two compound classes could potentially lead to

selection bias. Also, some previous publications included studies in abstract form that have not

been formally peer-reviewed, and only limited information about these studies is available.

Accordingly, a systematic review and meta-analysis were conducted not only of articles

directly comparing efficacy and safety of VKAs and DOACs for treatment of LVT, but also of

articles investigating efficacy and safety of either VKAs or DOACs, for therapeutic effects on

LVT.

Materials and methods

Search strategy

Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

guidelines, a systematic review and meta-analysis were conducted [25]. PubMed, Scopus, and

the Cochrane library electronic databases were searched on May 28, 2021 for articles that

investigated the impact of VKAs and/or DOACs on treatment of LVT involving thrombus res-
olution, stroke, any thromboembolism, major bleeding, any bleeding and all-cause death. Search

terms used were anticoagulant/vitamin K antagonist/warfarin, left ventricular/left ventricle/
intraventricular, and thrombus/thrombi. Reference lists of all eligible studies were checked for

additional citations. Search strategies used are shown in S1 Table. Since DOACs were first

released on the global market in 2009, articles that investigated outcomes of VKA and/or
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DOAC treatment from January 1, 2009 to May 28, 2021 were searched. This study was regis-

tered in the PROSPERO database (CRD42021230849).

Article selection

Articles that met the following criteria were included: (1) patients with LVT who were treated

with VKAs or DOACs; (2) articles reporting at least one of the following outcomes: thrombus
resolution, stroke, any thromboembolism, major bleeding, any bleeding, or all-cause death; (3)

articles reporting information on VKA or DOAC treatment, including numbers of patients,

events, and follow-up time; (4) articles on human adults; (5) articles published after 2009. Arti-

cles that met the following criteria were excluded: (1) articles that included intracardiac throm-

bus only in locations other than the left ventricle; (2) articles that included only patients<20

years old or animals; (3) articles that included fewer than 10 eligible patients; (4) case reports or

series; (5) abstracts. Two authors (TK and YN) independently reviewed search results and

included only articles that were consistent with inclusion and exclusion criteria. Disagreements

were resolved either by discussing them or by asking another author (MT) for his opinion.

Data extraction

Collected data were (1) first author’s name, (2) year of publication, (3) number of study

patients, (4) number of events, (5) mean or median age, (6) gender distribution, (7) type of

treatment, (8) incidence of events, including thrombus resolution, stroke, any embolism, major
bleeding, any bleeding, all-cause death, (9) time to event, (10) type of DOACs (if stated), (11)

etiology of heart diseases, and (12) risk factors.

Statistical analysis

Statistical analyses were conducted using R version 4.0.3 (The R Foundation for Statistical

Computing, Vienna, Austria). Continuous data were expressed as means ± SD or medians and

interquartile ranges, according to the data distribution, which was determined using the Sha-

piro-Wilk test. Categorical variables were expressed as absolute numbers or percentages. A sin-

gle proportion meta-analysis was performed using the “metaprop” with “meta” package, and

event rates were pooled using a random effects model to obtain cumulative incidence estimates

and 95% confidence intervals (CIs). Subgroup analysis was conducted using the “dmetar”

package, and tests for subgroup differences were determined using a mixed/fixed-effects (plu-

ral) model. Meta-regression analysis was performed to determine the effect of subgroup and

follow-up duration on the outcome. Sensitivity analysis was conducted to assess the influence

of outliers on the overall estimate using the “find.outlier” with “dmetar” package. Publication

bias was assessed visually based on the distribution of studies, using funnel plots and Egger’s

test [26]. For Egger’s test, a p-value < 0.1 was considered significant. The trim and fill method

was used to estimate the impact of studies that may have been missing in the meta-analysis

[27]. Heterogeneity among studies was assessed using the I2 statistic. A two-tailed P

value < 0.05 was considered statistically significant. Quality assessment of articles was per-

formed using the Newcastle-Ottawa Assessment Scale (NOS) for non-randomized studies in

meta-analysis [28].

Results

Articles were selected based on PRISMA guidelines (Fig 1). In total, 4,038 articles were

retrieved from the three databases and other sources, of which 1,004 duplicates were excluded.

An additional 1,117 were excluded because they were published before 2009, and 1,879 were
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not included because their titles or abstracts did not fulfill the inclusion criteria, leaving 38 arti-

cles for full text evaluation. Fifteen articles that also met one or more exclusion criteria after

reading the full text were also eliminated, such that 23 articles were included in this meta-anal-

ysis [16, 29–50]. A total of 2,612 patients, 2,004 treated with VKAs and 608 treated with

DOACs, were included in this study. S2 Table shows the main characteristics of the study pop-

ulation. Table 1 presents a comparison of clinical characteristics between treatment groups.

Left ventricular thrombus resolution

Among the 23 articles, 17 reported LV thrombus resolution, including 15 in the VKA treatment

group and 12 in the DOAC group. Fig 2 shows forest plots of the thrombus resolution rate with

VKAs and DOACs. The pooled analysis presented a similar rate and 95% CI of LV thrombus

Fig 1. PRISM flowchart of article selection. The systematic review and meta-analysis were conducted according to

guidelines recommended by PRISMA.

https://doi.org/10.1371/journal.pone.0255280.g001

Table 1. Comparison of clinical characteristics between treatment groups.

Parameters VKAs (n = 2004) DOACs (n = 608) P value

Number Measurements Number Measurements

Age 1575 61 ± 15 566 59 ± 16 0.008

Male 1798 1348 (75%) 602 446 (74%) 0.665

HT 910 507 (56%) 309 187 (61%) 0.144

DM 1029 351 (34%) 355 124 (35%) 0.796

DL 666 306 (46%) 240 121 (50%) 0.258

CKD 1059 318 (30%) 257 65 (25%) 0.146

CAD 1194 651 (55%) 235 110 (47%) 0.032

AFib 1523 471 (31%) 439 164 (37%) 0.013

Smoking 464 197 (42%) 151 55 (36%) 0.216

Data are expressed as numbers or means ± standard deviations.

AFib, atrial fibrillation; CAD, coronary artery disease; CKD, chronic kidney disease; DL, dyslipidemia; DM, diabetes mellitus; DOAC, direct oral anticoagulant; HT,

hypertension; VKA, vitamin k antagonist.

https://doi.org/10.1371/journal.pone.0255280.t001
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resolution between the two groups (VKAs: 0.75 [95% CI: 0.67 to 0.81]; DOACs: 0.75 [0.67 to

0.82]). Subgroup results showed no differences between the two compound classes (p = 0.8799).

Substantial heterogeneity was found in the VKA group (VKAs, I2: 70%; DOACs, I2: 33%).

Stroke

Fifteen articles reported an incidence of stroke, 13 of which were in the VKA group and 11 in

the DOAC group. Fig 3 shows forest plots of the stroke rate. Subgroup results showed no dif-

ferences between the two compound classes (VKAs: 0.06 [0.04 to 0.10]; DOACs: 0.02 [0.01 to

0.06], p = 0.0965). Moderate heterogeneity was observed in the VKAs group (I2: 37%), but the

DOACs group showed no heterogeneity (I2: 0%).

Any thromboembolism

Nineteen articles reported any embolism, 17 of which were in the VKA group and 11 in the

DOAC group. Fig 4 shows forest plots of the any embolism rate. Subgroup analysis showed no

differences between the two compound classes (VKAs: 0.08 [0.05 to 0.13]; DOACs: 0.03 [0.01

to 0.10], p = 0.1278), but there was significant heterogeneity in both groups (VKAs, I2: 89%;

DOACs, I2: 66%).

Fig 2. Forest plot of the proportion of left ventricular thrombus resolution rate for DOACs and VKAs therapy.

https://doi.org/10.1371/journal.pone.0255280.g002
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Major bleeding

Major bleeding was reported in 12 articles, including 11 for VKAs and 6 for DOACs. Fig 5

shows forest plots of the major bleeding rate. VKA treatment strategies did not differ from

DOAC strategies in the incidence of major bleeding (VKAs: 0.06 [0.04 to 0.09]; DOACs: 0.03

[0.01 to 0.06], p = 0.0939). There was moderate heterogeneity in the VKAs group (I2: 60%),

but the DOACs group showed no heterogeneity (I2: 0%).

Any bleeding

Any bleeding was reported in 17 articles, 15 of which were in the VKA group and 10 in the

DOACs group. Fig 6 shows forest plots of the any bleeding rate. Subgroup results showed that

incidence of any bleeding was similar between the two strategies (VKAs: 0.08 [0.05 to 0.12];

DOACs: 0.08 [0.06 to 0.10], p = 0.7792). Although the DOACs group had no heterogeneity (I2:

0%), the VKAs group had substantial heterogeneity (I2: 71%).

All-cause death

All-cause death was reported in 7 articles, involving 6 VKA articles and 5 DOAC articles. Fig 7

presents forest plots of the incidence of all-cause death. There was no difference in all-cause

death between the two groups (VKAs: 0.07 [0.04 to 0.13]; DOACs: 0.09 [0.05 to 0.16],

p = 0.6318). Neither group had heterogeneity (VKAs, I2: 16%; DOACs, I2: 0%).

Fig 3. Forest plot of the proportion of stroke rate for VKA and DOAC therapy.

https://doi.org/10.1371/journal.pone.0255280.g003
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Meta-regression analysis

Meta-regression analysis was performed to examine the effect of follow-up duration on treat-

ment outcomes. Duration of follow-up was not associated with any of the six events.

When meta-regression analysis was performed separately for VKAs and DOACs, there was

no significant association with follow-up duration for any of the outcomes with DOACs, while

with VKAs, the rate of stroke (estimate: -0.040, p = 0.0495) decreased significantly with longer

follow-up.

Sensitivity analysis

Sensitivity analyses were conducted to assess the robustness of the results by excluding studies

with outliers. For LV thrombus resolution, although data from the VKA arm of Willeford et al.

was excluded due to outliers, the results were unchanged from the original results (VKAs: 0.76

[0.70 to 0.80]; DOACs: 0.75 [0.68 to 0.82], p = 0.9499). For stroke, the results were similar to

the original results, even though VKA arms of Cochrane et al. and Bass et al. were removed

because they were outliers (VKAs: 0.05 [0.03 to 0.08]; DOACs: 0.02 [0.01 to 0.06], p = 0.1988).

For any embolism, the VKA arm of Ali et al. and both arms of Bass et al. were excluded because

of outliers; however, the results were the same as the original results (VKAs: 0.07 [0.05 to 0.10];

Fig 4. Forest plot of the proportion of any thromboembolism rate for VKA and DOAC therapy.

https://doi.org/10.1371/journal.pone.0255280.g004
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DOACs: 0.02 [0.01 to 0.08], p = 0.0988). For any bleeding, results after exclusion of the VKA

arm of Jones et al. were similar to the original results (VKAs: 0.08 [0.06 to 0.11]; DOACs: 0.08

[0.06 to 0.10], p = 0.7625). For major bleeding and all-cause death, there were no studies with

outliers.

Publication bias

Publication bias was assessed using funnel plots (Fig 8). Egger’s test indicated significant publi-

cation bias for LV thrombus resolution (p<0.001), stroke (p<0.001), any thromboembolism
(p<0.001), any bleeding (p = 0.075), and all-cause death (p<0.001). The pooled proportion of

overall subjects adjusted using the trim and fill method was 0.67 for thrombus resolution, 0.09

for stroke, 0.21 for any thromboembolism, 0.06 for major bleeding, 0.11 for any bleeding, and

0.12 for all-cause death.

Quality assessment

S3 Table shows study quality assessment using NOS. Most studies were of good or fair quality.

Discussion

The main findings in this study can be summarized as follows: (1) incidence of LV thrombus
resolution, stroke, any thromboembolism, major bleeding, any bleeding, or all-cause death were

similar for VKAs and DOACs; (2) study heterogeneity was more often observed in the VKA

arm; (3) there was no significant association between follow-up duration and any treatment

outcomes with DOACs, while with VKAs, there was a significant negative correlation with fol-

low-up duration for rates of stroke; (4) publication bias was found in LV thrombus resolution,

Fig 5. Forest plot of the proportion of major bleeding rate for VKA and DOAC therapy.

https://doi.org/10.1371/journal.pone.0255280.g005
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stroke, any thromboembolism, any bleeding, and all-cause death; (5) trim and fill methods

revealed that the incidence of LV thrombus resolution decreased and the incidence of stroke,
any thromboembolism, any bleeding, and all-cause death increased after adjusting for publica-

tion bias.

Previous studies

DOACs have many advantages over VKAs and have attracted considerable attention world-

wide because they have shown efficacy and safety comparable to those of VKAs in various

thrombotic diseases. In recent years, the number of DOAC-related publications has increased

dramatically, and articles reporting the efficacy and safety of DOACs in treatment of LVT are

becoming increasingly common. To the best of our knowledge, six systematic reviews and

meta-analyses comparing VKAs and DOACs for the treatment of LVT have been published in

the last several years [17–22]. Table 2 summarizes characteristics and main findings of previ-

ous meta-analyses and our study. Three studies conducted meta-analyses of five observational

studies that directly compared VKAs and DOACs. In three meta-analyses, there was no signifi-

cant difference in the incidence of LV thrombus resolution or any thromboembolism between

the VKA and DOAC groups. Only Camilli et al. found a significantly higher incidence of

bleeding events in the DOAC group. The remaining three studies performed a meta-analysis

of observational studies, including articles in abstract form, that directly compared VKAs and

Fig 6. Forest plot of the proportion of any bleeding rate for VKA and DOAC therapy.

https://doi.org/10.1371/journal.pone.0255280.g006
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Fig 7. Forest plot of the proportion of all-cause death rate for VKA and DOAC therapy.

https://doi.org/10.1371/journal.pone.0255280.g007

Fig 8. Funnel plots for (a) thrombus resolution, (b) stroke, (c) any thromboembolism, (d) major bleeding, (e) any bleeding, and (f) all-cause death. SE, standard

error.

https://doi.org/10.1371/journal.pone.0255280.g008
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DOACs. According to these results, there were no significant differences in LV thrombus reso-
lution, stroke, any thromboembolism, major bleeding, or any bleeding between VKAs and

DOACs.

Previous meta-analyses included only direct comparisons of VKAs and DOACs, and some

also included abstracts. However, there are a number of published papers that report outcomes

for either VKAs or DOACs in treatment of LVT, and these articles can be included in the

meta-analysis to reduce selection bias and to generalize results [29–36, 38, 39].

Current study

Our meta-analysis included a higher number of articles (23) and subjects (2,612) than previous

meta-analyses. Incidence of LV thrombus resolution, stroke, any thromboembolism, major
bleeding, or any bleeding were similar for VKAs and DOACs, which agreed with previous

Table 2. Main findings from previous meta-analyses and the current study.

Author/Year Manuscript/ Abstract Type LVT resolution Stroke Any thromboembolism Major bleeding Any bleeding All-cause death

Al-abcha/2020 5/0 VKA 64% NA 5% 8% NA NA

DOAC 59% NA 9% 4% NA NA

OR 0.97 (0.57–

1.65)

NA 1.86 (0.98–3.50) 0.62 (0.27–

1.44)

NA NA

Camilli/2020 5/0 VKA 64% NA 5% NA 12% NA

DOAC 59% NA 9% NA 7% NA

OR 0.75 (0.53–

1.05)

NA 1.86 (0.98–3.50) NA 0.54 (0.29–

0.99)

NA

Gue/2020 5/5 VKA 74% NA 11% 6% 9% NA

DOAC 70% NA 10% 4% 9% NA

OR 1.02 (0.56–

1.86)

NA 0.90 (0.58–1.4) 0.86 (0.22–3.4) 0.93 (0.55–

1.56)

NA

Saleiro/2020 5/0 VKA 55% NA 5% 5% NA NA

DOAC 44% NA 7% 3% NA NA

OR 0.91 (0.47–

1.75)

NA 1.59 (0.85–2.97) 0.66 (0.31–1.4) NA NA

Trongtorsak/

2020

6/2 VKA NA NA NA NA NA NA

DOAC NA NA NA NA NA NA

OR 1.09 (0.94–

1.27)

NA 1.12 (0.91–1.39) NA 0.94 (0.59–

1.51)

NA

Michael/2021 11/7 VKA 70% 11% 22% NA 10% 13%

DOAC 69% 6% 17% NA 7% 13%

OR 1.29 (0.83–

1.99)

0.63 (0.42–

0.96)

0.83 (0.53–1.33) NA 0.72 (0.50–

1.02)

1.01 (0.64–

1.57)

Saleh/2021 8/5 VKA 72% NA 21% 8% NA NA

DOAC 71% NA 16% 7% NA NA

OR 1.22 (0.79–

1.88)

NA 0.88 (0.56–1.38) 0.87 (0.55–

1.39)

NA NA

Zhou/2021 5/4 VKA 79% 11% 24% 9% NA NA

DOAC 83% 8% 25% 9% NA NA

OR 1.34 (0.62–2.9) 0.79 (0.50–

1.23)

1.50 (0.76–2.97) 0.82 (0.47–

1.42)

NA NA

Our study 20/0 VKA 75% 5% 7% 5% 8% 8%

DOAC 75% 2% 3% 3% 8% 9%

DOAC, direct oral anticoagulant; LVT, left ventricular thrombosis; NA, not applicable; OR, odds ratio; RR, relative risk; VKA, vitamin k antagonist.

https://doi.org/10.1371/journal.pone.0255280.t002
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results. Although DOACs showed no heterogeneity for stroke, major bleeding, any bleeding or

all-cause death, VKAs had heterogeneity, except for all-cause death. Our results showed no sig-

nificant differences in all-cause death between the two treatment groups. Meta-regression

analysis revealed that the rate of stroke significantly decreased with longer follow-up duration

in VKAs. However, there were no significant associations with follow-up duration for any of

the outcomes with DOACs. The lack of differences in safety or efficacy of DOACs, depending

on the follow-up duration, makes long-term DOAC treatment useful for patients with LVT.

Sensitivity analysis yielded similar results when outliers for LV thrombus resolution, stroke,
any embolism, and any bleeding were removed. Regarding major bleeding and all-cause death,

no studies had outliers. These results support robustness of the present results.

Publication bias was also found in the majority of comparisons. Many negative studies tend

not to be published, and this may distort the results of meta-analyses. In order to overcome

publication bias, a trim-and-fill method was used to add presumed missing studies, which

resulted in lower LV thrombus resolution rates and higher rates of stroke, any thromboembo-
lism, any bleeding, and all-cause death. Thus, prospective randomized controlled studies are

required to fill the gap between observed incidence from meta-analysis and predicted

incidence.

Study limitations

This study had several limitations. First, follow-up duration for determining outcomes varied

considerably among studies, which could affect observed results. Second, all but one study in

this meta-analysis included non-randomized observational studies, which are prone to bias.

However, the quality of each study was assessed using NOS, and the quality of most studies

was high. Third, the definition of major bleeding differed among the studies included. This

may have caused bias because studies employed different criteria for bleeding, such as BARC,

GUSTO, and TIMI. Fourth, because our analysis was based on data summarized by each

author and individual patient data were not available, our results should be interpreted with

some caution. Fifth, although clinical benefit increases with longer time in therapeutic range

(TTR) and because adverse events increase with shorter TTR, the relationship between TTR

and efficacy and safety of VKA treatment was not examined, which may have influenced our

results. Sixth, trial sequential analysis could not be conducted because some data were single-

arm studies. Finally, some patients were prescribed antiplatelet drugs such as aspirin, clopido-

grel, and prasugrel, which may have affected our results.

Conclusions

Therapeutic efficacy and side effects of DOACs in treatment of patients with LVT were quite

similar to those of VKAs regarding LV thrombus resolution, systemic embolization, bleeding,

or all-cause death. Our results highlight the need for the RCT to determine an optimal antico-

agulant strategy for treatment of LVT.

Supporting information

S1 Checklist. PRISMA 2009 checklist.

(DOC)

S1 Table Search strategies.

(PDF)

S2 Table. Clinical characteristics of study subjects.

(PDF)

PLOS ONE A systematic review and meta-analysis of VKAs and DOACs in LVT

PLOS ONE | https://doi.org/10.1371/journal.pone.0255280 July 26, 2021 12 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s003
https://doi.org/10.1371/journal.pone.0255280


S3 Table. Study quality assessment using the Newcastle Ottawa Scale.

(PDF)

S1 File.

(PDF)

S1 Data.

(XLSX)

S2 Data.

(XLSX)

S3 Data.

(XLSX)

S4 Data.

(XLSX)

S5 Data.

(XLSX)

S6 Data.

(XLSX)

Author Contributions

Conceptualization: Masaaki Takeuchi.

Data curation: Tetsuji Kitano, Yosuke Nabeshima.

Formal analysis: Tetsuji Kitano, Yosuke Nabeshima, Masaaki Takeuchi.

Methodology: Tetsuji Kitano, Yosuke Nabeshima, Masaharu Kataoka, Masaaki Takeuchi.

Supervision: Masaharu Kataoka, Masaaki Takeuchi.

Writing – original draft: Tetsuji Kitano, Yosuke Nabeshima, Masaharu Kataoka, Masaaki

Takeuchi.

References
1. Habash F, Vallurupalli S. Challenges in management of left ventricular thrombus. Ther Adv Cardiovasc

Dis. 2017; 11(8):203–13. Epub 2017/06/08. https://doi.org/10.1177/1753944717711139 PMID:

28589748; PubMed Central PMCID: PMC5933579.

2. Gianstefani S, Douiri A, Delithanasis I, Rogers T, Sen A, Kalra S, et al. Incidence and predictors of early

left ventricular thrombus after ST-elevation myocardial infarction in the contemporary era of primary per-

cutaneous coronary intervention. Am J Cardiol. 2014; 113(7):1111–6. Epub 2014/02/04. https://doi.org/

10.1016/j.amjcard.2013.12.015 PMID: 24485697.

3. Mao T, Bajwa A, Muskula P, Coggins T, Kennedy K, Magalski A, et al. Incidence of left ventricular

thrombus in patients with acute ST-segment elevation myocardial infarction treated with percutaneous

coronary intervention. Am J Cardiol. 2018; 121(1):27–31. Epub 2017/11/13. https://doi.org/10.1016/j.

amjcard.2017.09.010 PMID: 29128044.

4. Heidenreich P, Albert N, Allen L, Bluemke D, Butler J, Fonarow G, et al. Forecasting the impact of heart

failure in the United States: a policy statement from the American Heart Association. Circ Heart Fail.

2013; 6(3):606–19. Epub 2013/04/26. https://doi.org/10.1161/HHF.0b013e318291329a PMID:

23616602; PubMed Central PMCID: PMC3908895.

5. O’Gara P, Kushner F, Ascheim D, Casey D Jr., Chung M, de Lemos J, et al. 2013 ACCF/AHA guideline

for the management of ST-elevation myocardial infarction: a report of the American College of

PLOS ONE A systematic review and meta-analysis of VKAs and DOACs in LVT

PLOS ONE | https://doi.org/10.1371/journal.pone.0255280 July 26, 2021 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255280.s011
https://doi.org/10.1177/1753944717711139
http://www.ncbi.nlm.nih.gov/pubmed/28589748
https://doi.org/10.1016/j.amjcard.2013.12.015
https://doi.org/10.1016/j.amjcard.2013.12.015
http://www.ncbi.nlm.nih.gov/pubmed/24485697
https://doi.org/10.1016/j.amjcard.2017.09.010
https://doi.org/10.1016/j.amjcard.2017.09.010
http://www.ncbi.nlm.nih.gov/pubmed/29128044
https://doi.org/10.1161/HHF.0b013e318291329a
http://www.ncbi.nlm.nih.gov/pubmed/23616602
https://doi.org/10.1371/journal.pone.0255280


Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. Circulation.

2013; 127(4):e362–425. Epub 2012/12/19. https://doi.org/10.1161/CIR.0b013e3182742cf6 PMID:

23247304.

6. Ibanez B, James S, Agewall S, Antunes M, Bucciarelli-Ducci C, Bueno H, et al. 2017 ESC Guidelines

for the management of acute myocardial infarction in patients presenting with ST-segment elevation.

Eur Heart J. 2018; 39(2):119–77. https://doi.org/10.1093/eurheartj/ehx393 PMID: 28886621

7. Mekaj Y, Mekaj A, Duci S, Miftari E. New oral anticoagulants: their advantages and disadvantages com-

pared with vitamin K antagonists in the prevention and treatment of patients with thromboembolic

events. Ther Clin Risk Manag. 2015; 11:967–77. Epub 2015/07/08. https://doi.org/10.2147/TCRM.

S84210 PMID: 26150723; PubMed Central PMCID: PMC4485791.

8. Investigators E-P, Buller H, Prins M, Lensin A, Decousus H, Jacobson B, et al. Oral rivaroxaban for the

treatment of symptomatic pulmonary embolism. N Engl J Med. 2012; 366(14):1287–97. Epub 2012/03/

28. https://doi.org/10.1056/NEJMoa1113572 PMID: 22449293.

9. Agnelli G, Buller H, Cohen A, Curto M, Gallus A, Johnson M, et al. Oral apixaban for the treatment of

acute venous thromboembolism. N Engl J Med. 2013; 369(9):799–808. Epub 2013/07/03. https://doi.

org/10.1056/NEJMoa1302507 PMID: 23808982.

10. Hokusai VI, Buller H, Decousus H, Grosso M, Mercuri M, Middeldorp S, et al. Edoxaban versus warfarin

for the treatment of symptomatic venous thromboembolism. N Engl J Med. 2013; 369(15):1406–15.

Epub 2013/09/03. https://doi.org/10.1056/NEJMoa1306638 PMID: 23991658.

11. Young A, Marshall A, Thirlwall J, Chapman O, Lokare A, Hill C, et al. Comparison of an oral factor Xa

inhibitor with low molecular weight heparin in patients with cancer with venous thromboembolism:

results of a randomized trial (SELECT-D). J Clin Oncol. 2018; 36(20):2017–23. Epub 2018/05/11.

https://doi.org/10.1200/JCO.2018.78.8034 PMID: 29746227.

12. Raskob G, van Es N, Verhamme P, Carrier M, Di Nisio M, Garcia D, et al. Edoxaban for the treatment of

cancer-associated venous thromboembolism. N Engl J Med. 2018; 378(7):615–24. Epub 2017/12/13.

https://doi.org/10.1056/NEJMoa1711948 PMID: 29231094.

13. Agnelli G, Becattini C, Meyer G, Munoz A, Huisman M, Connors J, et al. Apixaban for the treatment of

venous thromboembolism associated with cancer. N Engl J Med. 2020; 382(17):1599–607. Epub 2020/

03/31. https://doi.org/10.1056/NEJMoa1915103 PMID: 32223112.

14. Yasuda S, Kaikita K, Akao M, Ako J, Matoba T, Nakamura M, et al. Antithrombotic therapy for atrial

fibrillation with stable coronary disease. N Engl J Med. 2019; 381(12):1103–13. Epub 2019/09/03.

https://doi.org/10.1056/NEJMoa1904143 PMID: 31475793.

15. Guimaraes H, Lopes R, de Barros e Silva P, Liporace I, Sampaio R, Tarasoutchi F, et al. Rivaroxaban

in patients with atrial fibrillation and a bioprosthetic mitral valve. N Engl J Med. 2020; 383(22):2117–26.

Epub 2020/11/17. https://doi.org/10.1056/NEJMoa2029603 PMID: 33196155.

16. Abdelnabi M, Saleh Y, Fareed A, Nossikof A, Wang L, Morsi M, et al. Comparative study of oral anticoa-

gulation in left ventricular thrombi (No-LVT Trial). J Am Coll Cardiol. 2021; 77(12):1590–2. https://doi.

org/10.1016/j.jacc.2021.01.049 PMID: 33766266

17. Al-Abcha A, Herzallah K, Saleh Y, Mujer M, Abdelkarim O, Abdelnabi M, et al. The role of direct oral

anticoagulants versus vitamin K antagonists in the treatment of left ventricular thrombi: a meta-analysis

and systematic review. Am J Cardiovasc Drugs. 2020. Epub 2020/12/24. https://doi.org/10.1007/

s40256-020-00458-2 PMID: 33354748.

18. Saleiro C, Lopes J, De Campos D, Puga L, Costa M, Goncalves L, et al. Left ventricular thrombus ther-

apy with direct oral anticoagulants versus vitamin K antagonists: a systematic review and meta-analy-

sis. J Cardiovasc Pharmacol Ther. 2020:1074248420977567. Epub 2020/12/02. https://doi.org/10.

1177/1074248420977567 PMID: 33259235.

19. Camilli M, Lombardi M, Del Buono M, Chiabrando J, Vergallo R, Niccoli G, et al. Direct oral anticoagu-

lants versus vitamin K antagonists for the treatment of left ventricular thrombosis: a systematic review

of the literature and meta-analysis. Eur Heart J Cardiovasc Pharmacother. 2020. Epub 2020/11/28.

https://doi.org/10.1093/ehjcvp/pvaa134 PMID: 33245110.

20. Zhou K, Zhang X, Xiao Y, Li D, Song G. Effectiveness and safety of direct-acting oral anticoagulants

compared to vitamin K antagonists in patients with left ventricular thrombus: a meta-analysis. Thromb

Res. 2021; 197:185–91. Epub 2020/11/24. https://doi.org/10.1016/j.thromres.2020.11.018 PMID:

33227655.

21. Trongtorsak A, Thangjui S, Kewcharoen J, Polpichai N, Yodsuwan R, Kittipibul V, et al. Direct oral anti-

coagulants vs. vitamin K antagonists for left ventricular thrombus: a systematic review and meta-analy-

sis. Acta Cardiol. 2021:1–10. Epub 2021/01/05. https://doi.org/10.1080/00015385.2020.1858538

PMID: 33393861.

PLOS ONE A systematic review and meta-analysis of VKAs and DOACs in LVT

PLOS ONE | https://doi.org/10.1371/journal.pone.0255280 July 26, 2021 14 / 16

https://doi.org/10.1161/CIR.0b013e3182742cf6
http://www.ncbi.nlm.nih.gov/pubmed/23247304
https://doi.org/10.1093/eurheartj/ehx393
http://www.ncbi.nlm.nih.gov/pubmed/28886621
https://doi.org/10.2147/TCRM.S84210
https://doi.org/10.2147/TCRM.S84210
http://www.ncbi.nlm.nih.gov/pubmed/26150723
https://doi.org/10.1056/NEJMoa1113572
http://www.ncbi.nlm.nih.gov/pubmed/22449293
https://doi.org/10.1056/NEJMoa1302507
https://doi.org/10.1056/NEJMoa1302507
http://www.ncbi.nlm.nih.gov/pubmed/23808982
https://doi.org/10.1056/NEJMoa1306638
http://www.ncbi.nlm.nih.gov/pubmed/23991658
https://doi.org/10.1200/JCO.2018.78.8034
http://www.ncbi.nlm.nih.gov/pubmed/29746227
https://doi.org/10.1056/NEJMoa1711948
http://www.ncbi.nlm.nih.gov/pubmed/29231094
https://doi.org/10.1056/NEJMoa1915103
http://www.ncbi.nlm.nih.gov/pubmed/32223112
https://doi.org/10.1056/NEJMoa1904143
http://www.ncbi.nlm.nih.gov/pubmed/31475793
https://doi.org/10.1056/NEJMoa2029603
http://www.ncbi.nlm.nih.gov/pubmed/33196155
https://doi.org/10.1016/j.jacc.2021.01.049
https://doi.org/10.1016/j.jacc.2021.01.049
http://www.ncbi.nlm.nih.gov/pubmed/33766266
https://doi.org/10.1007/s40256-020-00458-2
https://doi.org/10.1007/s40256-020-00458-2
http://www.ncbi.nlm.nih.gov/pubmed/33354748
https://doi.org/10.1177/1074248420977567
https://doi.org/10.1177/1074248420977567
http://www.ncbi.nlm.nih.gov/pubmed/33259235
https://doi.org/10.1093/ehjcvp/pvaa134
http://www.ncbi.nlm.nih.gov/pubmed/33245110
https://doi.org/10.1016/j.thromres.2020.11.018
http://www.ncbi.nlm.nih.gov/pubmed/33227655
https://doi.org/10.1080/00015385.2020.1858538
http://www.ncbi.nlm.nih.gov/pubmed/33393861
https://doi.org/10.1371/journal.pone.0255280


22. Gue Y, Spinthakis N, Egred M, Gorog D, Farag M. Non-vitamin K antagonist oral anticoagulants versus

warfarin for patients with left ventricular thrombus: a systematic review and meta-analysis. Am J Car-

diol. 2021. Epub 2020/12/29. https://doi.org/10.1016/j.amjcard.2020.12.014 PMID: 33359200.

23. Saleh Y, Al-abcha A, Abdelkarim O, Abdelnabi M, Almaghraby A. Meta-analysis investigating the role of

direct oral anticoagulants versus vitamin K antagonists in the treatment of left ventricular thrombi. Am J

Cardiol. 2021; 150:126–8. https://doi.org/10.1016/j.amjcard.2021.03.032 PMID: 33985769

24. Michael F, Natt N, Shurrab M. Direct oral anticoagulants versus vitamin K antagonists in left ventricular

thrombi: a systematic review and meta-analysis. CJC Open. 2021. https://doi.org/10.1016/j.cjco.2021.

04.007

25. Moher D, Liberati A, Tetzlaff J, Altman D, Group P. Preferred reporting items for systematic reviews and

meta-analyses: the PRISMA statement. PLoS Med. 2009; 6(7):e1000097. Epub 2009/07/22. https://

doi.org/10.1371/journal.pmed.1000097 PMID: 19621072; PubMed Central PMCID: PMC2707599.

26. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical

test. BMJ. 1997; 315(7109):629–34. Epub 1997/10/06. https://doi.org/10.1136/bmj.315.7109.629

PMID: 9310563; PubMed Central PMCID: PMC2127453.

27. Shi L, Lin L. The trim-and-fill method for publication bias: practical guidelines and recommendations

based on a large database of meta-analyses. Medicine (Baltimore). 2019; 98(23):e15987. Epub 2019/

06/07. https://doi.org/10.1097/MD.0000000000015987 PMID: 31169736; PubMed Central PMCID:

PMC6571372.

28. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonran-

domized studies in meta-analyses. Eur J Epidemiol. 2010; 25(9):603–5. Epub 2010/07/24. https://doi.

org/10.1007/s10654-010-9491-z PMID: 20652370.

29. Lee J, Park J, Jung H, Cho Y, Oh I, Yoon C, et al. Left ventricular thrombus and subsequent thrombo-

embolism, comparison of anticoagulation, surgical removal, and antiplatelet agents. J Atheroscler

Thromb. 2013; 20(1):73–93. Epub 2012/09/19. https://doi.org/10.5551/jat.13540 PMID: 22986555.

30. Ebrahimi M, Fazlinezhad A, Alvandi-Azari M, Abdar Esfahani M. Long-term clinical outcomes of the left

ventricular thrombus in patients with ST elevation anterior myocardial infarction. ARYA Atheroscler.

2015; 11(1):1–4. Epub 2015/06/20. PMID: 26089924; PubMed Central PMCID: PMC4460346.

31. Lee G, Song Y, Hahn J, Choi S, Choi J, Jeon E, et al. Anticoagulation in ischemic left ventricular aneu-

rysm. Mayo Clin Proc. 2015; 90(4):441–9. Epub 2015/03/11. https://doi.org/10.1016/j.mayocp.2014.12.

025 PMID: 25752723.

32. Meurin P, Brandao Carreira V, Dumaine R, Shqueir A, Milleron O, Safar B, et al. Incidence, diagnostic

methods, and evolution of left ventricular thrombus in patients with anterior myocardial infarction and

low left ventricular ejection fraction: a prospective multicenter study. Am Heart J. 2015; 170(2):256–62.

Epub 2015/08/25. https://doi.org/10.1016/j.ahj.2015.04.029 PMID: 26299222.

33. Cambronero-Cortinas E, Bonanad C, Monmeneu J, Lopez-Lereu M, Gavara J, de Dios E, et al. Inci-

dence, outcomes, and predictors of ventricular thrombus after reperfused ST-segment-elevation myo-

cardial infarction by using sequential cardiac MR Imaging. Radiology. 2017; 284(2):372–80. Epub

2017/03/03. https://doi.org/10.1148/radiol.2017161898 PMID: 28253107.

34. Santoro F, Stiermaier T, Tarantino N, De Gennaro L, Moeller C, Guastafierro F, et al. Left ventricular

thrombi in Takotsubo syndrome: incidence, predictors, and management: results from the GEIST (Ger-

man Italian Stress Cardiomyopathy) Registry. J Am Heart Assoc. 2017; 6(12). Epub 2017/12/06.

https://doi.org/10.1161/JAHA.117.006990 PMID: 29203578; PubMed Central PMCID: PMC5779019.

35. Maniwa N, Fujino M, Nakai M, Nishimura K, Miyamoto Y, Kataoka Y, et al. Anticoagulation combined

with antiplatelet therapy in patients with left ventricular thrombus after first acute myocardial infarction.

Eur Heart J. 2018; 39(3):201–8. Epub 2017/10/14. https://doi.org/10.1093/eurheartj/ehx551 PMID:

29029233.

36. Fleddermann A, Hayes C, Magalski A, Main M. Efficacy of direct acting oral anticoagulants in treatment

of left ventricular thrombus. Am J Cardiol. 2019; 124(3):367–72. Epub 2019/05/28. https://doi.org/10.

1016/j.amjcard.2019.05.009 PMID: 31126539.

37. McCarthy C, Murphy S, Venkateswaran R, Singh A, Chang L, Joice M, et al. Left ventricular thrombus:

contemporary etiologies, treatment strategies, and outcomes. J Am Coll Cardiol. 2019; 73(15):2005–7.

Epub 2019/03/09. https://doi.org/10.1016/j.jacc.2019.01.032 PMID: 30846342.

38. Moss A, Shah A, Zuling E, Freeman M, Newby D, Adamson P, et al. Left ventricular thrombus after pri-

mary PCI for ST-elevation myocardial infarction: 1-year clinical outcomes. Am J Med. 2019; 132

(8):964–9. Epub 2019/03/16. https://doi.org/10.1016/j.amjmed.2019.02.033 PMID: 30871923.

39. Verma B, Singh A, Kumar M. Use of dabigatran for treatment of left ventricular thrombus: a tertiary care

center experience. J Family Med Prim Care. 2019; 8(8):2656–60. Epub 2019/09/25. https://doi.org/10.

4103/jfmpc.jfmpc_459_19 PMID: 31548950; PubMed Central PMCID: PMC6753807.

PLOS ONE A systematic review and meta-analysis of VKAs and DOACs in LVT

PLOS ONE | https://doi.org/10.1371/journal.pone.0255280 July 26, 2021 15 / 16

https://doi.org/10.1016/j.amjcard.2020.12.014
http://www.ncbi.nlm.nih.gov/pubmed/33359200
https://doi.org/10.1016/j.amjcard.2021.03.032
http://www.ncbi.nlm.nih.gov/pubmed/33985769
https://doi.org/10.1016/j.cjco.2021.04.007
https://doi.org/10.1016/j.cjco.2021.04.007
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
https://doi.org/10.1097/MD.0000000000015987
http://www.ncbi.nlm.nih.gov/pubmed/31169736
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
https://doi.org/10.5551/jat.13540
http://www.ncbi.nlm.nih.gov/pubmed/22986555
http://www.ncbi.nlm.nih.gov/pubmed/26089924
https://doi.org/10.1016/j.mayocp.2014.12.025
https://doi.org/10.1016/j.mayocp.2014.12.025
http://www.ncbi.nlm.nih.gov/pubmed/25752723
https://doi.org/10.1016/j.ahj.2015.04.029
http://www.ncbi.nlm.nih.gov/pubmed/26299222
https://doi.org/10.1148/radiol.2017161898
http://www.ncbi.nlm.nih.gov/pubmed/28253107
https://doi.org/10.1161/JAHA.117.006990
http://www.ncbi.nlm.nih.gov/pubmed/29203578
https://doi.org/10.1093/eurheartj/ehx551
http://www.ncbi.nlm.nih.gov/pubmed/29029233
https://doi.org/10.1016/j.amjcard.2019.05.009
https://doi.org/10.1016/j.amjcard.2019.05.009
http://www.ncbi.nlm.nih.gov/pubmed/31126539
https://doi.org/10.1016/j.jacc.2019.01.032
http://www.ncbi.nlm.nih.gov/pubmed/30846342
https://doi.org/10.1016/j.amjmed.2019.02.033
http://www.ncbi.nlm.nih.gov/pubmed/30871923
https://doi.org/10.4103/jfmpc.jfmpc%5F459%5F19
https://doi.org/10.4103/jfmpc.jfmpc%5F459%5F19
http://www.ncbi.nlm.nih.gov/pubmed/31548950
https://doi.org/10.1371/journal.pone.0255280


40. Ali Z, Isom N, Dalia T, Sami F, Mahmood U, Shah Z, et al. Direct oral anticoagulant use in left ventricular

thrombus. Thrombosis Journal. 2020; 18(1). https://doi.org/10.1186/s12959-020-00242-x PMID:

33132763

41. Daher J, Da Costa A, Hilaire C, Ferreira T, Pierrard R, Guichard J, et al. Management of left ventricular

thrombi with direct oral anticoagulants: retrospective comparative study with vitamin K antagonists. Clin

Drug Investig. 2020; 40(4):343–53. Epub 2020/03/08. https://doi.org/10.1007/s40261-020-00898-3

PMID: 32144651.

42. Guddeti R, Anwar M, Walters R, Apala D, Pajjuru V, Kousa O, et al. Treatment of left ventricular throm-

bus with direct oral anticoagulants: a retrospective observational study. Am J Med. 2020; 133

(12):1488–91. Epub 2020/07/01. https://doi.org/10.1016/j.amjmed.2020.05.025 PMID: 32598904.

43. Iqbal H, Straw S, Craven T, Stirling K, Wheatcroft S, Witte K. Direct oral anticoagulants compared to

vitamin K antagonist for the management of left ventricular thrombus. ESC Heart Fail. 2020; 7(5):2032–

41. Epub 2020/06/26. https://doi.org/10.1002/ehf2.12718 PMID: 32583975; PubMed Central PMCID:

PMC7524136.

44. Jones D, Wright P, Alizadeh M, Fhadil S, Rathod K, Guttmann O, et al. The use of novel oral anti-coagu-

lant’s (NOAC) compared to vitamin K antagonists (Warfarin) in patients with left ventricular thrombus

after acute myocardial infarction (AMI). Eur Heart J Cardiovasc Pharmacother. 2020. Epub 2020/07/31.

https://doi.org/10.1093/ehjcvp/pvaa096 PMID: 32730627.

45. Robinson A, Trankle C, Eubanks G, Schumann C, Thompson P, Wallace R, et al. Off-label use of direct

oral anticoagulants compared with warfarin for left ventricular thrombi. JAMA Cardiol. 2020; 5(6):685–

92. Epub 2020/04/23. https://doi.org/10.1001/jamacardio.2020.0652 PMID: 32320043; PubMed Central

PMCID: PMC7177639.

46. Willeford A, Zhu W, Stevens C, Thomas I. Direct oral anticoagulants versus warfarin in the treatment of

left ventricular thrombus. Ann Pharmacother. 2020:1060028020975111. Epub 2020/11/17. https://doi.

org/10.1177/1060028020975111 PMID: 33191781.

47. Cochran J, Jia X, Kaczmarek J, Staggers K, Rifai M, Hamzeh I, et al. Direct oral anticoagulants in the

treatment of left ventricular thrombus: a retrospective, multicenter study and meta-analysis of existing

data. J Cardiovasc Pharmacol Ther. 2021; 26(2):173–8. Epub 2020/10/21. https://doi.org/10.1177/

1074248420967644 PMID: 33078629.

48. Bass M, Kiser T, Page R, McIlvennan C, Allen L, Wright G, et al. Comparative effectiveness of direct

oral anticoagulants and warfarin for the treatment of left ventricular thrombus. J Thromb Thrombolysis.

2021. Epub 2021/01/10. https://doi.org/10.1007/s11239-020-02371-6 PMID: 33420896.

49. Ratnayake C, Liu B, Benatar J, Stewart RAH, Somaratne JB. Left ventricular thrombus after ST seg-

ment elevation myocardial infarction: a single-centre observational study. N Z Med J. 2020; 133

(1526):45–54. Epub 2020/12/18. PMID: 33332339.

50. Albabtain M, Alhebaishi Y, Al-Yafi O, Kheirallah H, Othman A, Alghosoon H, et al. Rivaroxaban versus

warfarin for the management of left ventricle thrombus. Egypt Heart J. 2021; 73(1). https://doi.org/10.

1186/s43044-021-00164-7 PMID: 33932172

PLOS ONE A systematic review and meta-analysis of VKAs and DOACs in LVT

PLOS ONE | https://doi.org/10.1371/journal.pone.0255280 July 26, 2021 16 / 16

https://doi.org/10.1186/s12959-020-00242-x
http://www.ncbi.nlm.nih.gov/pubmed/33132763
https://doi.org/10.1007/s40261-020-00898-3
http://www.ncbi.nlm.nih.gov/pubmed/32144651
https://doi.org/10.1016/j.amjmed.2020.05.025
http://www.ncbi.nlm.nih.gov/pubmed/32598904
https://doi.org/10.1002/ehf2.12718
http://www.ncbi.nlm.nih.gov/pubmed/32583975
https://doi.org/10.1093/ehjcvp/pvaa096
http://www.ncbi.nlm.nih.gov/pubmed/32730627
https://doi.org/10.1001/jamacardio.2020.0652
http://www.ncbi.nlm.nih.gov/pubmed/32320043
https://doi.org/10.1177/1060028020975111
https://doi.org/10.1177/1060028020975111
http://www.ncbi.nlm.nih.gov/pubmed/33191781
https://doi.org/10.1177/1074248420967644
https://doi.org/10.1177/1074248420967644
http://www.ncbi.nlm.nih.gov/pubmed/33078629
https://doi.org/10.1007/s11239-020-02371-6
http://www.ncbi.nlm.nih.gov/pubmed/33420896
http://www.ncbi.nlm.nih.gov/pubmed/33332339
https://doi.org/10.1186/s43044-021-00164-7
https://doi.org/10.1186/s43044-021-00164-7
http://www.ncbi.nlm.nih.gov/pubmed/33932172
https://doi.org/10.1371/journal.pone.0255280

