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Abstract 

Background and objective Left ventricular thrombus (LVT) formation in patients with acute myocardial infarction 
(AMI) or cardiomyopathies is not uncommon. The optimal oral anticoagulation therapy for resolving LVT has been 
under intense debate. Vitamin K antagonists (VKAs) remain the anticoagulant of choice for this condition, according 
to practice guidelines. Evidence supporting the use of direct oral anticoagulants (DOACs) in the management of LVT 
continues to grow. We performed a systematic review and meta-analysis to compare the efficacy and safety of DOACs 
versus VKAs.

Methods A comprehensive literature search was carried out in PubMed, Cochrane Library, Web of Science, Embase, 
and Scopus databases in July 2023. The efficacy outcomes of this study were thrombus resolution, ischemic stroke, 
systemic embolism, stroke/systemic embolism, all-cause mortality, and adverse cardiovascular events. The safety out-
comes were any bleeding, major bleeding, and intracranial hemorrhage. A total of twenty-seven eligible studies were 
included in the meta-analysis. Data were analyzed utilizing Stata software version 15.1.

Results There was no significant difference between DOACs and VKAs with regard to LVT resolution (RR = 1.00, 
95% CI 0.95–1.05, P = 0.99). In the overall analysis, DOACs significantly reduced the risk of stroke (RR = 0.74, 95% 
CI 0.57–0.96, P = 0.021), all-cause mortality (RR = 0.70, 95% CI 0.57–0.86, P = 0.001), any bleeding (RR = 0.75, 95% CI 
0.61–0.92, P = 0.006) and major bleeding (RR = 0.67, 95% CI 0.52–0.85, P = 0.001) when compared to VKAs. Meanwhile, 
in the sub-analysis examining randomized controlled trials (RCTs), the aforementioned outcomes no longer differed 
significantly between the DOACs and VKAs groups. The incidences of systemic embolism (RR = 0.81, 95% CI 0.54–1.22, 
P = 0.32), stroke/systemic embolism (RR = 0.85, 95% CI 0.72–1.00, P = 0.056), intracranial hemorrhage (RR = 0.59, 95% 
CI 0.23–1.54, P = 0.28), and adverse cardiovascular events (RR = 0.99, 95% CI 0.63–1.56, P = 0.92) were comparable 
between the DOACs and VKAs groups. A subgroup analysis showed that patients treated with rivaroxaban had a sig-
nificantly lower risk of stroke (RR = 0.24, 95% CI 0.08–0.72, P = 0.011) than those in the VKAs group.

Conclusion With non-inferior efficacy and superior safety, DOACs are promising therapeutic alternatives to VKAs 
in the treatment of LVT. Further robust investigations are warranted to confirm our findings.
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Introduction
Left ventricular thrombus (LVT) is a complication of 
acute myocardial infarction (AMI) or nonischemic car-
diomyopathy, leading to an increased risk of ischemic 
stroke and systemic embolism [1, 2]. Although the 
incidence of LVT after AMI has declined over the past 
decades, owing to the widely promoted early revascu-
larization therapies, 4–39% of patients develop LVT after 
anterior ST-segment elevation myocardial infarction 
(STEMI) [3]. LVT is detected in up to 36% of patients 
with dilated cardiomyopathy (DCM) [4].

Vitamin K antagonists (VKAs), primarily warfarin, 
were recommended by the 2013 ACCF/AHA Guideline 
for the Management of STEMI for the treatment of LVT 
[5]. Previous randomized controlled trials (RCTs) have 
demonstrated that direct oral anticoagulants (DOACs) 
can be effectively and safely used in patients with atrial 
fibrillation and venous thrombosis [6, 7]. Compared to 
conventional VKAs, DOACs have several superiorities, 
including lower risk of bleeding, convenience of use, and 
fewer interactions with diet or drugs.

The most recent statement from the American Heart 
Association (AHA) recommends DOACs as an appropri-
ate alternative to traditional VKAs for the resolution of 
LVT [1]. However, whether DOACs can become the pre-
ferred option remains unclear.

Given the consistently growing evidence supporting 
the use of DOACs for patients with LVT [8, 9], there is 
an urgent need to update a systematic review and meta-
analysis. This study aims to compare the efficacy and 
safety of DOACs versus VKAs in the setting of LVT.

Method
This systemic review and meta-analysis was conducted in 
accordance with PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) guidelines [10]. 
The protocol of this review was registered in PROSPERO 
(registration number: CRD42023444725).

Electronic searches
We thoroughly searched PubMed, Cochrane Library, Web 
of Science, Embase, and Scopus databases for eligible 
studies published before July 2023. The retrieval terms of 
this study are as follows. (“left ventricular thrombus” OR 
“left ventricular thrombi”) AND (“anticoagulation” OR 
“warfarin” OR “vitamin K antagonist” OR “non-vitamin 
K antagonist” OR “direct oral anticoagulant” OR “novel 
oral anticoagulant” OR “rivaroxaban” OR “apixaban” 
OR “edoxaban” OR “dabigatran”). The electronic search 
results were imported into EndNote X9. The titles and 
abstracts were screened, and the full text of potentially 
relevant studies was reviewed. We also manually searched 

the reference lists of the included studies to identify addi-
tional eligible articles. The detailed search strategies of 
databases are provided in Supplemental Table 1.

Outcomes
The efficacy outcomes of this study were thrombus reso-
lution, ischemic stroke, systemic embolism, a compos-
ite of stroke and systemic embolism, all-cause mortality, 
and adverse cardiovascular events (cardiovascular death, 
AMI and cardiovascular hospitalization). Thrombus 
resolution was assessed by transthoracic echocardiogra-
phy (TTE), transesophageal echocardiography (TEE) or 
cardiac magnetic resonance imaging (CMR). The safety 
outcomes were any bleeding, major bleeding, and intrac-
ranial hemorrhage.

Eligibility criteria and study selection
The inclusion criteria of this meta-analysis were: (i) Stud-
ies analyzing patients diagnosed with LVT. (ii) Compari-
son of DOACs and VKAs regarding efficacy and/or safety 
outcomes stipulated above. The study selection was con-
ducted independently by two authors. No restrictions 
were made with respect to the language of publications. 
Case reports, case series, and reviews were excluded. 
Repeated reports from the same cohorts or institutions 
were excluded to avoid duplication. Disagreements on 
study selection were resolved by discussion with the 
principal investigator (JZ). The PRISMA flow diagram in 
Fig. 1 illustrates the study selection process.

Data extraction and quality assessment
Data extraction was conducted by two independent 
investigators using a format designed in advance. The fol-
lowing data were extracted: author, year, region, design, 
sample size, demographic characteristics of patients, 
follow-up duration, anticoagulation therapy, antiplatelet 
therapy, etiology of LVT, imaging modality, LVT area, left 
ventricular ejection fraction (LVEF), time in therapeutic 
range (TTR), thrombus resolution, ischemic stroke, sys-
temic embolism, stroke/systemic embolism, all-cause 
mortality, adverse cardiovascular events, any bleed-
ing, major bleeding, and intracranial hemorrhage. We 
attempted to contact the authors to obtain missing data; 
however, no response was received. The quality assess-
ment was conducted independently by two authors. 
Quality of RCTs was evaluated using the Cochrane 
Collaboration Risk of Bias Tool (Supplemental Fig.  1). 
Observational studies were assessed based on the New-
castle–Ottawa scale (NOS). Observational studies with 
a score of ≥ 6 were considered high-quality. The overall 
score of the included studies varied from 5 to 8 points. 
The results are shown in Supplemental Table 2.
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Statistical analysis
The effect size was measured by risk ratio (RR) with 95% 
confidence interval (CI). Heterogeneity across studies 
was assessed using the  I2 statistic.  I2 greater than 50% 
was regarded as substantial heterogeneity. For analyses 
with low or moderate heterogeneity, the Mantel–Haen-
szel fixed effects model was utilized. If substantial het-
erogeneity was identified, the random effects model was 
employed. Forest plots were generated to examine the 
results visually. We performed subgroup analysis based 
on study design and the type of DOACs prescribed in 
individual studies. A sensitivity analysis was performed 
to evaluate the reliability of the results of individual stud-
ies and pooled analyses. Publication bias was evaluated 
by constructing funnel plots and conducting Egger’s test. 
A two-tailed p-value < 0.05 was considered statistically 
significant. All data analyses were conducted in Stata 
software version 15.1.

Results
Baseline findings
The demographic and clinical characteristics of the 
included studies are provided in Table  1. Twenty-seven 
studies [8, 9, 11–35] (four RCTs, one prospective obser-
vational study, and twenty-two retrospective cohort 
studies) with sample sizes ranging from 23 to 949 were 
analyzed in this study. All patients were allocated to the 
‘DOACs’ or ‘VKAs’ group. The follow-up period of the 
individual studies ranged from 3 months to median  3.4 
years. The selected studies were published between 2018 
and 2023. The final selection included 11 studies from 
the United States of America [12, 13, 17, 21, 22, 25–30], 
6 from Europe [11, 23, 24, 31–33], 7 from Asia [9, 14–
16, 18, 20, 34], and 3 from Africa [8, 19, 35]. There was 
a higher overall proportion of male patients. AMI and 
ischemic cardiomyopathy were primary etiologies of 
LVT. Warfarin was most frequently administered in the 

Fig. 1 PRISMA flow diagram illustrating literature search and selection
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VKAs cohort. The level of TTR was provided in only 
three publications. In the study by Youssef et al. [8], the 
INR time of the warfarin group within the TTR was 73%. 
In the RCT by Alcalai et al. [14], the average TTR in the 
warfarin group was 60%, with TTR > 65% in most patients 
and < 25% in two patients. In the study by Jones et al. [23], 
TTR was > 65% in 53.3% of patients who received VKAs. 
In terms of DOACs, three studies prescribed apixaban, 
three studies prescribed rivaroxaban, and the remain-
ing studies used multiple types of DOACs. TTE was 
the most used imaging modality to detect LVT forma-
tion and monitor LVT resolution. Data regarding anti-
platelet therapy was available in twenty studies [8, 9, 11, 
13–15, 17, 18, 20–25, 28–31, 33, 35]. The rates and regi-
mens (single or dual) of antiplatelet varied significantly 
between the included studies. In two studies [14, 20], all 
patients received dual antiplatelet therapy (DAPT). In an 
RCT by Youssef et al. [8], 16.0% of patients in the DOACs 
group and 20.0% in the VKAs group were prescribed a 
single antiplatelet medication, and the remaining patients 
received DAPT. In an RCT by Abdelnabi et al., the rate of 
DAPT was 53.1% [35]. The specific details of antiplatelet 
therapy are presented in Table 1.

LVT resolution
Three RCTs, one prospective study, and twenty ret-
rospective studies reported LVT resolution outcomes 
(Fig. 2A). There was no difference regarding LVT resolu-
tion between the DOACs and VKAs groups (RR = 1.00, 
95% CI 0.95–1.05, P = 0.99,  I2 = 15.1%). The subgroup 
analysis based on study type showed similar results. 
Compared to the VKAs group, there were similar rates of 
thrombus resolution in the DOACs group (Supplemen-
tary Fig. 2A, B) at 3 months (RR = 1.11, 95% CI 0.97–1.27, 
P = 0.12,  I2 = 0.0%) and 6 months (RR = 1.04, 95% CI 
0.84–1.28, P = 0.72,  I2 = 56.0%).

Stroke
Incidence of stroke was available in four randomized 
and fourteen retrospective studies. As shown in Fig. 2B, 
DOACs were associated with a significantly lower risk of 
stroke (RR = 0.74, 95% CI 0.57–0.96, P = 0.021,  I2 = 0.0%). 
In a subgroup analysis including only RCTs, no signifi-
cant difference was observed (RR = 0.34, 95% CI 0.08–
1.51, P = 0.15,  I2 = 0.0%). Subgroup analysis of non-RCTs 
showed significant results, with the pooled analysis 
exhibiting lower risk in the DOACs arm (RR = 0.76, 95% 
CI 0.59–0.99, P = 0.04,  I2 = 0.0%).

Systemic embolism
As illustrated in Fig.  2C, a total of fourteen studies 
assessed the efficacy of systemic embolism preven-
tion. No significant difference in the incidence of sys-
temic embolism was found between the two groups 
(RR = 0.81, 95% CI 0.54–1.22, P = 0.32,  I2 = 0.0%).

Stroke/systemic embolism
As presented in Fig.  2D, the composite endpoint of 
stroke and systemic embolism were assessed in twenty-
three studies. The meta-analysis showed no difference 
between the two therapies (RR = 0.85, 95% CI 0.72–
1.00, P = 0.056,  I2 = 8.1%). No significant differences 
were observed in RCTs or non-RCTs subgroups.

All-cause mortality
Data regarding all-cause mortality were available from 
fifteen publications. The overall meta-analysis demon-
strated that DOACs were significantly associated with 
a lower incidence of all-cause mortality than VKAs 
(RR = 0.70, 95% CI 0.57–0.86, P = 0.001,  I2 = 12.7%). 
There was also a significant difference between DOACs 
and VKAs in the subgroup analysis for non-RCTs 
(RR = 0.71, 95% CI 0.57–0.88, P = 0.001,  I2 = 10.7%). Fig-
ure 2E illustrates the results.

Adverse cardiovascular events
Figure 2F presents the forest plot for adverse cardiovas-
cular events. The occurrence of adverse cardiovascu-
lar events did not differ significantly between the two 
anticoagulation therapies (RR = 0.99, 95% CI 0.63–1.56, 
P = 0.92,  I2 = 35.1%).

Any bleeding
Twenty-two studies provided data on any bleed-
ing (Fig.  3A). According to the meta-analysis, bleed-
ing event rates were significantly lower in the DOACs 
group (RR = 0.75, 95% CI 0.61–0.92, P = 0.006). There 
was no heterogeneity among the studies  (I2 = 0.0%). 
Subgroup analysis also revealed that there was a signifi-
cant difference in non-RCT subgroups (RR = 0.78, 95% 
CI 0.63–0.96, P = 0.017,  I2 = 0.0%).

Major bleeding
Major bleeding events were reported by thirteen stud-
ies. As presented in Fig.  3B, pooled summary using 
the fixed-effect model suggested that patients receiv-
ing DOACs had a lower risk of major bleeding than 
those who were prescribed with VKAs (RR = 0.67, 
95% CI 0.52–0.85, P = 0.001,  I2 = 2.0%). In the RCT 
subgroup analysis, outcomes of major bleeding were 
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not significantly different between the two groups 
(RR = 0.29, 95% CI 0.08–1.02, P = 0.054,  I2 = 0.0%).

Intracranial hemorrhage
Intracranial hemorrhage was reported in five studies 
(Fig.  3C). The meta-analysis showed no significant dif-
ference regarding intracranial hemorrhage between 
the DOACs and VKAs (RR = 0.59, 95% CI 0.23–1.54, 
P = 0.28). There was no heterogeneity across the studies 
 (I2 = 0.0%).

Subgroup analysis for DOACs type
Six publications were included in the subgroup analy-
sis for apixaban (Supplementary Fig.  3A-C). There 
were no significant differences regarding LVT resolu-
tion (RR = 1.14, 95% CI 0.93–1.39, P = 0.21,  I2 = 75.9%), 
stroke/systemic embolism (RR = 0.70, 95% CI 0.46–1.05, 
P = 0.085,  I2 = 0.0%) and bleeding events (RR = 0.53, 95% 
CI 0.23–1.21, P = 0.13,  I2 = 0.0%) between apixaban and 
the VKAs group. Meta-analysis showed that rivaroxaban 
was associated with lower risk of stroke (RR = 0.24, 95% 
CI 0.08–0.72, P = 0.011,  I2 = 0.0%). Outcomes of throm-
bus resolution (RR = 1.13, 95% CI 1.00–1.28, P = 0.056, 
 I2 = 0.0%), stroke/systemic embolism (RR = 0.41, 95% CI 
0.07–2.30, P = 0.31,  I2 = 66.2%), any bleeding (RR = 0.89, 
95% CI 0.52–1.53, P = 0.68,  I2 = 0.0%) and major bleed-
ing (RR = 0.51, 95% CI 0.17–1.52, P = 0.22,  I2 = 0.0%) 
were comparable between rivaroxaban and VKAs. Sup-
plementary Fig.  4A-E illustrates the forest plots for this 
comparison.

Publication bias assessment
Egger’s test showed no evident publication bias in LVT 
resolution (P = 0.13), stroke (P = 0.33), systemic embo-
lism (P = 0.86), stroke/systemic embolism (P = 0.18), all-
cause mortality (P = 0.25), any bleeding (P = 0.66) and 
major bleeding (P = 0.92). Supplementary Fig. 5A-G pre-
sents the corresponding funnel plots.

Sensitivity analysis
We conducted a sensitivity analysis for the primary anal-
yses (Supplementary Fig. 6). The meta-analysis result of 
LVT resolution, ischemic stroke, systemic embolism, 
stroke/systemic embolism, any bleeding, major bleeding, 
intracranial hemorrhage, all-cause mortality, and adverse 
cardiovascular events did not significantly change.

Fig. 2 Forest plots for efficacy outcomes of DOACs and VKAs 
in the treatment of LVT. A thrombus resolution. B ischemic stroke. 
C systemic embolism. D stroke/systemic embolism. E all-cause 
mortality. F adverse cardiovascular events



Page 10 of 14Hu et al. Thrombosis Journal           (2024) 22:23 

Fig. 3 Forest plots for safety outcomes of DOACs and VKAs in the treatment of LVT. A any bleeding. B major bleeding. C intracranial hemorrhage



Page 11 of 14Hu et al. Thrombosis Journal           (2024) 22:23  

Discussion
The primary objective of this systematic review and 
meta-analysis was to compare the efficacy and safety 
profile of DOACs versus VKAs in the treatment of LVT. 
To the best of our knowledge, this is the meta-analysis 
study with the greatest sample size. Our meta-analysis 
found that DOACs are safer and equally effective com-
pared to VKAs in the treatment of LVT.

LVT most often occurs after acute anterior STEMI, 
followed by ischemic cardiomyopathy and nonis-
chemic cardiomyopathies such as DCM, hypertrophic 
cardiomyopathy (HCM), Takotsubo cardiomyopathy, 
and cardiac amyloidosis [1, 31, 36, 37]. In patients 
who develop LVT after AMI, the risk for embolism is 
5.5-fold higher than those with no cardiac thrombo-
sis [38].

The well-established Virchow’s triad demonstrates that 
stasis, endothelial injury, and hypercoagulation are three 
primary prerequisites for venous thromboembolism [39]. 
The same principle is applied to the pathophysiology of 
LVT formation. Low LVEF is an independent risk fac-
tor for LVT both in the settings of AMI and DCM [40]. 
Inflammatory response, hypercoagulation, and endocar-
dial injuries have also been identified as critical drivers of 
LVT formation [1, 41, 42].

In clinical practice, TTE is the primary imaging 
modality for detecting LVT. However, late gadolinium 
enhancement (LGE) CMR is the gold standard for the 
visualization of LVT as it has better diagnostic sensi-
tivity than TTE, especially for mural or small volume 
thrombus [43, 44]. The contrast-enhanced ultrasound 
can be used to improve the sensitivity of echocardi-
ogram in detecting LVT formation [45]. There is lit-
tle evidence to support the notion that using CMR to 
identify LVT rather than ultrasonography is associ-
ated with a better outcome. In cases where LVT for-
mation is clinically suspected but cannot be verified 
by echocardiography, it is proposed that CMR is nec-
essary [1].

A meta-analysis by Vaitkus et  al. [38] demonstrated 
that patients with LVT and MI could see a reduction 
in the risk of embolic events with adequate anticoagu-
lation. The optimal anticoagulation regimen for LVT 
has not yet been fully established. The current clinical 
guidelines still recommend warfarin as the preferred 
anticoagulation agent for this specific population. 
Although warfarin is clinically effective, it has inherent 
limitations, including a narrow therapeutic window, fre-
quent monitoring of coagulation function, susceptibil-
ity to drugs and food, long half-lives, and low therapy 
adherence [46].

Previous studies have observed that DOACs share a 
comparable therapeutic efficacy and safety with VKAs in 
the resolution of deep venous and left atrial appendage 
thrombus [47–49]. In the past decade, numerous retro-
spective cohort studies have explored the off-label use of 
DOACs in the resolution of LVT, but they have shown 
inconsistent results [24, 25, 31, 50]. Four RCTs [8, 14, 16, 
35] have shown that DOACs (apixaban and rivaroxaban) 
have a non-inferior benefit/risk profile to VKAs in the 
treatment of LVT, but the length of the follow-up period 
was limited to 3 to 6 months. Consistent with the pre-
vious meta-analysis studies [27, 51–53], our study found 
that there was no significant difference in terms of LVT 
resolution, risks of systemic embolism, and stroke/sys-
temic embolism between the two anticoagulation thera-
pies. In contrast to our findings, Burmeister et  al. [44] 
suggested that DOACs were associated with a signifi-
cantly higher rate of LVT resolution than VKAs.

Our meta-analysis showed that DOACs were asso-
ciated with significantly lower incidence of stroke 
(RR = 0.74, 95% CI 0.57–0.96, P = 0.021), all-cause mor-
tality (RR = 0.70, 95% CI 0.57–0.86, P = 0.001), any bleed-
ing (RR = 0.75, 95% CI 0.61–0.92, P = 0.005) and major 
bleeding (RR = 0.67, 95% CI 0.52–0.85, P = 0.001). The 
selection of included studies can partly explain these dis-
crepancies between prior investigations.

We also performed a subgroup analysis according to 
DOAC type. Meta-analysis showed that the risk of stroke 
(RR = 0.24, 95% CI 0.08–0.72, P = 0.011) was significantly 
lower in patients administered rivaroxaban. We observed 
similar efficacy regarding LVT resolution between VKAs 
and rivaroxaban or apixaban.

The duration of anticoagulants prescribed for LTV 
remains to be determined. The embolic risk has been 
reported to be highest in the first two weeks after MI, 
and the risk of LVT recurrence is highest in the first three 
months following MI [54]. The most recent scientific 
statement from the AHA recommends reimaging at 3 
months after AMI, and it was suggested that anticoagu-
lation therapy should be discontinued if no thrombus is 
detectable [1]. Regarding patients with DCM and LVT, 
the anticoagulation duration is suggested for at least 3 to 
6 months [1, 55]. Based on available data, our meta-anal-
ysis showed that the resolution of LVT at 3 or 6 months 
did not differ significantly between DOACs and VKAs.

In summary, the current meta-analysis supports the 
use of DOACs for the treatment of LVT. However, more 
robust data from large randomized trials with adequate 
sample size and follow-up length is still required.

There are several limitations of this meta-analysis. 
First, our findings are primarily based on retrospective 
cohorts with varied follow-up duration and are therefore 
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susceptible to various biases. Ultrasound was the primary 
imaging technique utilized to confirm the LVT resolu-
tion in the included studies. Hence, the complete throm-
bus resolution was possibly overestimated. Additionally, 
there was heterogeneity in the endpoint definitions of 
major bleeding events between the individual studies. 
Eight of the selected papers were published as non-full 
text. TTR, an essential influencing factor of efficacy and 
safety of VKAs, was not systematically measured in the 
majority of included studies. It was uncertain whether the 
superiority of DOACs over VKAs could be partly attrib-
uted to poor maintenance of therapeutic TTR. Generally, 
a combination of anticoagulation therapy and antiplate-
let drugs predisposes patients to bleeding complications. 
Regarding antiplatelet regimens, there were significant 
differences between the included studies. Given the lim-
ited data, we did not perform further analysis to assess 
the effects of anticoagulation alone versus anticoagula-
tion plus antiplatelet agents. The optimal dose of DOACs 
in the treatment of LVT was not explored in this meta-
analysis. Future studies should compare the clinical 
effects of standard doses versus low doses of DOACs. 
Taking into account these limitations, the findings of our 
study should be interpreted with caution.

Conclusion
In our study, DOACs demonstrated non-inferior effec-
tiveness and superior safety to VKAs in the treatment 
of LVT. DOACs may be a feasible choice for this patient 
population. Anticoagulation therapy should be individu-
alized in patients with LVT, and clinical decisions should 
be made after a full discussion between patients and phy-
sicians. More robust large RCTs are required to investi-
gate the optimal regimen and duration of anticoagulation 
in the management of LVT.
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