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Background: Current guidelines recommend vitamin K antagonist (VKA) for left ventricular (LV) 
thrombus. This study aimed to compare the effectiveness and safety of direct oral anticoagulant (DOAC) and 
warfarin in Chinese patients with LV thrombus. 
Methods: Patients with LV thrombus admitted to Beijing Anzhen Hospital of Capital Medical University 
between January 2018 and January 2022, were enrolled in this cohort study. The primary endpoint was 
defined as thrombus resolution within 90 days. The secondary endpoints included thrombus resolution 
within 180 days, major bleeding events, and minor bleeding events. All patients were followed up for at least 
90 days after diagnosis of LV thrombus. Patients were divided into the VKA and DOAC groups according to 
the anticoagulants. Differences in clinical endpoint events between the two groups were compared.
Results: This study included 129 and 111 patients in the VKA and DOAC groups, respectively. After 
adjusting for gender and smoking status, no significant difference was observed in thrombus resolution 
within 90 days between the VKA and DOAC groups. Additionally, there was no difference between the 
two groups in the secondary endpoints of thrombus resolution within 180 days, major bleeding, and minor 
bleeding. In subgroup analysis, rivaroxaban and dabigatran did not show significant differences in primary 
and secondary endpoints. 
Conclusions: This study showed no significant difference in thrombus resolution between DOAC and 
warfarin. DOAC might be an alternative to warfarin for the treatment of LV thrombus. However, further 
large prospective studies are required to explore the efficacy and safety of DOAC in patients with LV 
thrombus. 
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Introduction

The development of left ventricular (LV) thrombus is 
a serious complication that can occur in patients with 
acute myocardial infarction (MI) or non-ischemic  
cardiomyopathy (1). Data suggest that the incidence of LV 
thrombus among patients with acute coronary syndrome 
[ST-elevation myocardial infarction (STEMI)] is higher 
than 15% (2). Regardless of the etiology, LV thrombus is a 
potential cause of systemic embolization or stroke, which 
increases the morbidity and mortality in patients with both 
ischemic and non-ischemic cardiomyopathies. Current 
evidence shows that anticoagulant therapy can reduce the 
risk of ischemic events. There is growing evidence of the 
benefits of off-label use of direct oral anticoagulant (DOAC) 
in patients with LV thrombus (3,4). Current guidelines 
suggest patients with LV thrombus could use vitamin K 
antagonists (VKA) or DOACs for at least 3–6 months (5,6). 
DOAC overcomes the limitations of narrow treatment 
window, multiple interactions with other medications, 
frequent monitoring of warfarin, and good adaptability 
and compliance. Several studies have compared the safety 
and effectiveness of warfarin and DOAC in treating LV 
thrombus (5-7). However, it remains controversial whether 
DOAC can be used as an alternative to warfarin in patients 
with LV thrombus. This study aimed to investigate the 
effectiveness and safety of DOAC compared to warfarin 
in Chinese patients with LV thrombus. We present 

this article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-1582/rc).

Methods

Study population

Patients with LV thrombus admitted to the Beijing 
Anzhen Hospital of Capital Medical University between 
January 2018 and January 2022, were included in this 
study. Patients’ eligibility was assessed according to the 
following inclusion criteria: (I) age >18 years; (II) diagnosis 
of LV thrombus by transthoracic or transesophageal 
echocardiography,  according  to  the  ad judicated 
International Classification of Diseases (ICD)-9 or ICD-10  
diagnosis code criteria; (III) patients were treated with 
either DOAC (dabigatran or rivaroxaban) or warfarin within 
90 days of diagnosis; (IV) follow-up echocardiography 
results to thrombus resolution or at least 90 days. The 
exclusion criteria were as follows: (I) mechanical valve 
replacement, valvular heart disease, rheumatic heart disease, 
and atrial thrombosis; (II) contraindication to anticoagulant 
agents (DOAC or warfarin); (III) active bleeding, bleeding 
diseases or hematologic disorder; (IV) severe hepatic or 
renal dysfunction [creatinine clearance rate <30 mL/min]; 
(V) total platelet count less than 100×109/L; (VI) severe 
anemia (hemoglobin <60 g/L); (VII) treatment with very 
low doses of DOAC that exceeded the instructions; (VIII) 
anticoagulant therapy was switched during follow-up (from 
DOAC to warfarin or from warfarin to DOAC). The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved by 
the Medical Clinical Research Ethics Committee of Beijing 
Anzhen Hospital (No. 2022247X). Prior to enrolment, all 
participants completed an informed consent form.

Definition of endpoints and follow-up

The primary endpoint was defined as thrombus resolution 
within 90 days. The secondary endpoints included 
thrombus resolution within 180 days, major bleeding 
events, and minor bleeding events. According to the criteria 
of International Society of Thrombosis and Haemostasis 
(ISTH) (8), major bleeding events were defined as fatal 
or associated with any of the following: (I) a reduction in 
hemoglobin level of 20 g/L or more, or recorded infusion 
of at least 2 units of whole blood or red blood cells; (II) 
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involvement of important areas or organs (intracranial, 
spinal, ocular, pericardium, articular, intramuscular with 
compartment syndrome, retroperitoneum). All other 
bleeding events were considered as minor bleeding. 
Bleeding events were identified based on self-reported 
or electronic medical records. Thrombus resolution 
was determined based on the patient’s transthoracic or 
transesophageal cardiac ultrasound. All clinical events 
were validated by at least two cardiologists. All patients 
were followed up for at least 90 days after diagnosis of 
LV thrombus. Follow-up information was collected via 
telephone, electronic medical records or outpatient visits.

Statistical analysis

All statistical analyses were performed using SPSS 23.0 
(IBM Corp., Armonk, NY, USA) and R software 4.2.2 
(R Project, Vienna, Austria). The Kolmogorov-Smirnov 
test was used to determine whether continuous data were 
normal distributed. The analysis of variance (ANOVA) 
test was used to analyze the results of normal distributed 
continuous data, which were presented as means ± standard 

deviation (SD). The Wilcoxon test was used for non-normal 
distributed continuous variables, which were presented as 
medians and quartiles. Categorical data were presented as 
counts and percentages, and the Chi-squared test was used 
for analysis. Cox regression analysis was used to evaluate 
the primary endpoint between the two groups. Odds ratios 
(ORs) or adjusted OR and 95% confidence intervals (CIs) 
were calculated between groups for primary and secondary 
endpoints. Statistical significance was set at P values <0.05 
to allow for group comparisons. 

Results

Patients characteristics

Based on the inclusion and exclusion criteria, a total of 
240 patients with LV thrombus were enrolled in the study. 
Figure 1 shows the cohort selection process for this study. 
After data extraction, patients were divided into two groups 
according to anticoagulant use: 129 patients receiving 
warfarin were assigned to the VKA group and 111 patients 
receiving DOACs were assigned to the DOAC group. In the 

Figure 1 Flowchart of cohort selection. LV, left ventricular; VKA, vitamin K antagonist; DOAC, direct oral anticoagulant.

Exclusion:
•  Complicated with left atrial thrombus (N=2);
•  Complicated with valvular atrial fibrillation (N=2);
•  Renal insufficiency (N=1);
•  Hepatic insufficiency (N=1);
•  Platelet count less than 100×109/L (N=3);
•  With 2.5 mg of rivaroxaban (N=1)
•  Anticoagulant therapy switching (N=5)

Patients diagnosed with LV thrombus
N=261

Patients who met the criteria were included
N=246

Patients agreed to participate in the study and signed informed consent
N=240

Unwilling to participate in this study  
(N=6)

VKA group
N=129

DOAC group
N=111
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VKA group, the initial dose of warfarin was 3–6 mg, once a 
day, and the dose was adjusted according to the monitoring 
of coagulation indices, and the target range of international 
normalized ratio (INR) level was maintained between 
2.0–3.0. In DOAC group, 88 patients received rivaroxaban 
10, 15, or 20 mg, once a day, and 23 patients received 
dabigatran 110 or 150 mg twice a day. The mean age of 
the patients was 55.0 (range, 23–88) years in the whole 
patients. Demographic characteristics, comorbidities and 
concomitant medication information are shown in Table 1.  
Ninety-two point two percent were male, 48.8% were 
hypertensive and 35.7% were diabetic in the VKA group, 
and 82.9% were male, 43.2% were hypertensive and 36.9% 

were diabetic in the DOAC group. The results showed 
statistically significant differences in sex, proportion of 
smokers and atrial fibrillation between the two groups. 
However, there were no significant differences between 
other variables.

Primary and secondary endpoints

As shown in Figure 2, there was no significant difference in 
the incidence of thrombus resolution during the follow-up. 
After adjusting for gender and smoking status, no significant 
difference was observed in thrombus resolution within  
90 days between the VKA and DOAC groups. Additionally, 

Table 1 Differences in baseline characteristics in patients treated with DOAC versus warfarin

Variables VKA group (n=129) DOAC group (n=111) P value

Demographics

Male 119 (92.2) 92 (82.9) 0.026

Age (years) 55 [46, 64] 56 [46, 67] 0.344

BMI (kg/m2) 26.1 [24.2, 27.7] 26.1 [23.6, 28.7] 0.883

Smoker 82 (63.6) 47 (42.3) 0.001

Drinker 50 (38.8) 36 (32.4) 0.308

Comorbidity

Hypertension 63 (48.8) 48 (43.2) 0.386

Diabetes mellitus 46 (35.7) 41 (36.9) 0.837

Hyperlipidemia 90 (69.8) 75 (67.6) 0.714

Atrial fibrillation 3 (2.3) 16 (14.4) 0.001

Prior myocardial infarction 80 (62.0) 61 (55.0) 0.268

Prior cerebral infarction 19 (14.7) 18 (16.2) 0.750

NYHA functional class

Class III/IV 54 (41.9) 48 (43.2) 0.712

Transthoracic echocardiography

LVEF (%) 38.0 [30.0, 44.5] 36.0 [25.0, 43.0] 0.157

LVED (mm) 56.0 [50.0, 60.8] 56.6 [50.0, 64.0] 0.412

Maximum diameter of thrombus (mm) 19.0 [14.0, 25.5] 19.0 [14.0, 26.0] 0.559

Number of ventricular thrombi 0.982

1 118 (91.5) 102 (91.9)

2 10 (7.8) 8 (7.2)

3 1 (0.8) 1 (0.9)

Table 1 (continued)
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there was no difference between the two groups in the 
secondary endpoints of thrombus resolution within 
180 days, major bleeding, and minor bleeding (Table 2).  
In subgroup analysis, rivaroxaban and dabigatran did not 
show significant differences in primary and secondary 
endpoints (Table 3). When stratified by age, estimated 
glomerular filtration rate (eGFR), gender, smoking status, 
and left ventricular ejection fraction (LVEF), the VKA and 
DOAC groups showed quite effective in 90-day thrombus 
resolution (Figure 3). 

Discussion

The primary finding of our study was that there were 
no significant differences between warfarin and DOAC 
in primary endpoint of 90-day thrombus resolution, and 
no significant differences in secondary endpoints such as  
180-day thrombus resolution, major and minor bleeding. 
DOAC might be an alternative to warfarin for the treatment 
of LV thrombus in Chinese patients.

Table 1 (continued)

Variables VKA group (n=129) DOAC group (n=111) P value

Concomitant medication

Aspirin 70 (54.3) 47 (42.3) 0.065

P2Y12 inhibitor 85 (65.9) 60 (54.1) 0.062

ACE inhibitor/ARB 89 (69.0) 88 (79.3) 0.071

Beta blocker 110 (85.3) 97 (87.4) 0.635

Statins 116 (89.9) 95 (85.6) 0.304

Laboratory examinations at admission

eGFR (mL/min per 1.73 m2) 94.5 [83.0, 106.0] 92.2 [80.0, 103.7] 0.415

SCr (μmol/L) 79.4 [68.5, 90.1] 78.8 [62.0, 92.6] 0.911

PLT count (×109/L) 224.0 [186.0, 275.5] 213.0 [175.0, 267.0] 0.445

ALT (U/L) 30 [19, 50] 25 [18, 53] 0.500

AST (U/L) 27 [19, 53] 25 [18, 43] 0.097

TBIL (μmol/L) 15.3 [10.2, 20.0] 14.5 [10.3, 22.0] 0.978

DBIL (μmol/L) 3.73 [2.80, 5.74] 4.27 [2.81, 5.91] 0.535

Hemoglobin (g/L) 147 [134, 157] 146 [133, 159] 0.953

Continuous data with non-normal distribution are expressed as median [interquartile range]; categorical data are presented as count 
(percentage). DOAC, direct oral anticoagulant; VKA, vitamin K antagonist; BMI, body mass index; NYHA, New York Heart Association; 
LVEF, left ventricular ejection fraction; LVED, left ventricular end diastolic; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor 
blocker; eGFR, estimated glomerular filtration rate; SCr, serum creatinine; PLT, platelet; ALT, alanine transaminase; AST, aspartate amino 
transferase; TBIL, total bilirubin; DBIL, direct bilirubin.

Figure 2 Cumulative event rate of LV thrombus resolution 
within follow-up. VKA, vitamin K antagonist; DOAC, direct oral 
anticoagulant; LV, left ventricular.
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Although the prevalence of LV thrombus is generally 
low in the general population, there is still a high incidence 
in patients with STEMI and anterior MI. Despite the 
fact that the current guidelines of the American College 
of Cardiology have long established warfarin as the gold 
standard for anticoagulation therapy, DOACs are still 
commonly used in the clinic for the off-label use for LV 
thrombus. There is a growing body of evidence that is 
supporting use of DOACs in LV thrombus. However, it 
remains controversial whether DOACs have an anticoagulant 
effect comparable to warfarin in patients with LV thrombus, 
and previous studies have also shown conflicting results. 
This study adds to the literature, but large prospective 
studies are still needed before guidelines can be included.

A multicenter retrospective cohort study by Robinson 
et al. (9) reported that DOACs (76.2% apixaban, 24.9% 
rivaroxaban, 4.9% dabigatran) treatment was associated 
with an increased risk of ischemic stroke and systemic 

emboli compared with warfarin treatment, even after 
adjustment for other factors. However, the authors did 
not assess bleeding events between the groups, which is a 
theoretical advantage of DOAC. A recent study showed that 
the thrombus resolution rates were similar in DOAC and 
VKA groups, but the time to thrombus resolution occurred 
significantly earlier in DOAC group and the combined 
endpoint of any stroke of peripheral embolism was also 
significantly lower in DOAC group. A meta-analysis (6)  
involving eight studies revealed that there were no 
statistically significant differences in thrombus resolution, 
bleeding complications, stroke or systemic embolization, 
and mortality in patients with LV thrombus treated with 
warfarin compared with those treated with DOAC. Our 
results are consistent with most studies (7,9-12), with no 
significant difference in thrombus resolution within 90 days. 
Notably, the antithrombotic effect of warfarin was slightly 
higher than that of DOAC after 90 days in Figure 2, but 

Table 2 Primary and secondary endpoints

Variables
VKA group 

(n=129)
DOAC group 

(n=111)
Odds ratio  
(95% CI)†

P value
Adjusted odds ratio  

(95% CI)†‡

Adjusted  
P value‡

Thrombus resolution 
within 90 days, n (%)

75 (58.1) 57 (51.4) 0.760 (0.456, 1.267) 0.292 0.794 (0.468, 1.347) 0.392

Thrombus resolution 
within 180 days, n (%)

87 (67.4) 73 (65.8) 0.927 (0.542, 1.588) 0.784 0.954 (0.548, 1.663) 0.869

Bleeding events, n (%)

Major bleeding 2 (1.6) 0 0.984 (0.963, 1.006) 0.501 – 0.996

Minor bleeding 9 (7.0) 7 (6.3) 0.897 (0.323, 2.494) 0.836 0.940 (0.330, 2.672) 0.907
†, compared with VKA group; ‡, adjusted risk factors of gender, smoking status by logistic regression model. VKA, vitamin K antagonist; 
DOAC, direct oral anticoagulant; CI, confidence interval.

Table 3 DOAC subgroup analysis

Variables
Rivaroxaban 

(n=88)
Dabigatran 

(n=23)
Odds ratio  
(95% CI)†

P value
Adjusted odds ratio  

(95% CI)†‡

Adjusted  
P value‡

Thrombus resolution 
within 90 days, n (%)

47 (53.4) 10 (43.5) 0.671 (0.266, 1.692) 0.398 0.615 (0.239, 1.583) 0.314

Thrombus resolution 
within 180 days, n (%)

59 (67.0) 14 (60.9) 0.765 (0.296, 1.973) 0.578 0.730 (0.278, 1.917) 0.523

Bleeding events, n (%)

Major bleeding 0 0 – – – –

Minor bleeding 4 (4.5) 3 (13.0) 3.150 (0.652, 15.207) 0.154 3.176 (0.635, 15.879) 0.159
†, compared with rivaroxaban group; ‡, adjusted risk factors of gender, smoking status by logistic regression model. DOAC, direct oral 
anticoagulant; CI, confidence interval.
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there was no significant difference, which may be related to 
the small number of cases.

The mechanism underlying LV thrombus is not well 
understood. LV thrombus in acute MI may be associated 
with stasis, hypercoagulability and endocardial changes (13),  
which has some similarities to the left atrial thrombus 
caused by blood stasis caused by atrial fibrillation. It’s 
worth mentioning that the formation mechanism of LV 
thrombus in anterior STEMI may be different from that 
in non-ischemic cardiomyopathy, as the improvement of 
ventricular wall motion after revascularization and medical 
management facilitate the resolution of LV thrombus. In 
this study, the proportion of patients with prior MI was 
50–60%, and there was no significant difference between 
the two groups. However, future studies are needed to 
investigate the mechanism of LV thrombus caused by 
different etiologies and the differences in medicine efficacy. 
The primary indication for DOAC is anticoagulation of 
atrial fibrillation, which prevents the development of blood 
clots in addition to dissolving existing clots. DOAC may 
play a role in thrombosis caused by blood stasis.

There are  other  common non-Food and Drug 

Administration (FDA)-approved off-label uses of DOAC, 
including heart failure, superficial vein thrombosis, and 
pulmonary hypertension (14). The main reason for this 
is that DOAC has several advantages. DOAC provides 
patients with predictable efficacy, convenient fixed doses, 
fewer dietary and drug interactions, and onset of their effect 
is rapid and can end quickly with interruption. The dose can 
be adjusted based on creatinine clearance or body weight 
without frequent laboratory monitoring (15,16). However, 
the off-label use of this drug remains controversial. In 
patients with other conditions, such as non-valvular atrial 
fibrillation (17,18), DOAC has demonstrated a favorable 
safety profile and comparable efficacy to warfarin therapy. 
In addition, a potential benefit of DOAC over VKA is the 
statistically significant reduction in the risk of intracranial 
haemorrhage (19). However, warfarin remains irreplaceable 
in patients with mitral stenosis or mechanical heart valve 
replacement.

In a subgroup analysis, we compared differences in 
clinical outcomes among different DOAC. As edoxaban and 
apixaban were not introduced to our center during the study 
period, we only compared rivaroxaban and dabigatran. The 

Figure 3 Stratified analysis of VKA and DOAC. †, compared with VKA group; ‡, compared with rivaroxaban group; §, adjusted risk factors 
of gender, smoking status; #, adjusted risk factor for smoking status; &, adjusted risk factor for gender. VKA, vitamin K antagonist; DOAC, 
direct oral anticoagulant; CI, confidence interval; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction.

Variables
VKA vs. DOAC Rivaroxaban vs. dabigatran

Odds ratio (95% CI)† Odds ratio (95% CI)‡
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≥70 0.989 (0.171, 5.728) 0.502 (0.037, 6.735)

<70 0.771 (0.438, 1.355) 0.752 (0.265, 2.130)

eGFR§ (mL/min per 1.73 m2)

<90 1.650 (0.762, 3.573) 0.571 (0.137, 2.385)

≥90 0.478 (0.216, 1.056) 0.709 (0.187, 2.685)

Gender#

Male 0.752 (0.430, 1.314) 0.643 (0.227, 1.821)

Female 1.371 (0.274, 6.873) 0.500 (0.054, 4.672)

Current smoker&

Yes 0.768 (0.370, 1.591) 1.179 (0.313, 4.442)

No 0.841 (0.391, 1.809) 0.292 (0.066, 1.289)

LVEF§ (%)

<30 0.789 (0.296, 2.107) 0.482 (0.100, 2.321)

≥30 0.809 (0.424, 1.546) 0.689 (0.198, 2.395)
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results showed that rivaroxaban seemed to be superior to 
dabigatran in 90-day and 180-day thrombus resolution, but 
the differences were not statistically significant. There were 
no significant differences in bleeding events between the 
two drugs. To our knowledge, no randomized controlled 
study has compared dabigatran with rivaroxaban for the 
treatment of LV thrombus. Further studies are needed 
to explore the efficacy and safety of different DOAC 
in LV thrombus treatment owing to the differences in 
anticoagulant mechanisms. 

The present study had several limitations. First, as a 
single-center observational cohort study, the patients were 
not randomized to receive anticoagulation treatment. The 
selection of anticoagulation agents was at the discretion 
of endocrinologist, which contributed to selection bias 
and significant differences in covariates between the two 
groups. Although most variables did not show significantly 
differences between the two groups, and we adjusted gender 
and smoking status by logistics regression model, there may 
be potential confounding factors influencing the difference 
between DOAC and warfarin embolism events. Second, 
the standard dose of DOAC was not fully used in our study. 
Patients with eGFR >50 mL/min per 1.73 m2 might be 
prescribed with 15–20 mg of rivaroxaban once daily or 110–
150 mg of dabigatran twice daily, which may also affect the 
anticoagulant effect of DOAC. Third, we did not have data 
on adherence to DOAC and duration within the warfarin 
treatment range and dietary habit in patients with warfarin 
therapy. Exceeding the treatment range of warfarin can 
easily increase the risk of bleeding and thrombotic events, 
which might not have emerged due to the small sample size. 
Fourth, as only patients taking rivaroxaban or dabigatran 
were observed, we cannot extrapolate these findings to all 
DOAC. Finally, this study had a small sample size because of 
the low incidence of LV thrombus. No significant differences 
were found in major and minor bleeding events. As the 
number of cases increases, the difference between the two 
groups can be compared further. Therefore, further large-
scale prospective randomized controlled studies are required.

Conclusions

This study found no significant difference in thrombotic 
resolution between DOAC and warfarin. DOAC might be 
an alternative to warfarin for the treatment of LV thrombus 
in Chinese patients. However, further large prospective 
studies are required to explore the efficacy and safety of 
DOAC in patients with LV thrombus. 
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