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Left ventricular (LV) thrombus formation remains a post-acute myocardial infarction
(AMI) complication even in the modern era of early reperfusion. The optimal anticoagula-
tion regimen in this clinical scenario is poorly defined. The present meta-analysis sought
to investigate the efficacy and safety profile of direct oral anticoagulants (DOACs) com-
pared with vitamin K antagonists (VKAs) for the management of LV thrombus after
AMI. A systematic literature review was conducted in electronic databases to identify
studies reporting efficacy and safety outcome data regarding the use of DOACs versus
VKAs for patients with LV thrombus after AMI. Odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated, and random-effects meta-analyses were conducted to syn-
thesize pooled ORs. Eight studies comprising a total of 605 patients were included. DOACs
were associated with an almost twofold higher likelihood of thrombus resolution com-
pared with VKAs (pooled OR 1.95 [1.25 to 3.04], p = 0.003, I = 0%), and decreased the
risk of systemic embolism by 70% (pooled OR 0.30 [0.12 to 0.75]; p = 0.01, I> = 0%). The
use of DOACs was associated with a 54% lower risk of bleeding compared with VKAs
(pooled OR 0.46 [0.26 to 0.84], p = 0.01, I’ = 0%). Overall, patients receiving DOACs had
a 63% lower risk of reaching the composite outcome of safety and efficacy compared with
patients using VKAs (pooled OR 0.37 [0.23 to 0.60], p <0.0001, I = 0%). In conclusion,
DOAC:s appear to have a more favorable efficacy and safety profile compared with VKAs
for the management of LV thrombus related to AMI. © 2024 Elsevier Inc. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.
(Am J Cardiol 2024;232:18—-25)
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Despite recent advances in early reperfusion strategies
and antithrombotic therapies for the management of acute
myocardial infarction (AMI), patients continue to suffer
from a nonnegligible risk of complications."” Formation
of left ventricular (LV) thrombus ranges from 0.4% to
26% after AML™" and is a potentially life-threatening
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complication, augmenting 5.5-fold the risk of thrombo-
embolic events.” The optimal anticoagulation regimen to
prevent thromboembolism while retaining a low risk of
bleeding remains poorly defined. Vitamin K antagonists
(VKAs) have traditionally been recommended and used
for the management of LV thrombus after AML® The
2023 European Society of Cardiology guidelines have
challenged this approach by introducing the use of direct
oral anticoagulants (DOACs) as a recommendation with
the same class II and level of evidence C as VKAs after
detection of LV thrombus after AMI.” Although studies
on the role of DOACsS in this setting have taken place,’
these are nonrandomized and are limited by small num-
bers of patients included, therefore safe conclusions
regarding the efficacy and safety of DOAC:sS in this clini-
cal setting, have not been drawn. The present meta-analy-
sis sought to aggregate and quantitatively synthesize the
existing literature regarding the efficacy and safety of
DOAC:s for the management of LV thrombus after AMI
in comparison to VKAs.
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Methods

The current systematic review and meta-analysis were
performed in accordance with a pre-specified research pro-
tocol registered a priori in the PROSPERO database
(https://www.crd.york.ac.uk/PROSPERO/display_record.
php?RecordID=502319, CRD42024502319). The reporting
follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 reporting
guidelines (Supplementary Table 1).""

A detailed description of the strategy followed for the lit-
erature search is presented in Supplementary Material.
Observational (prospective or retrospective) cohort or ran-
domized controlled studies were included in the meta-anal-
ysis if they reported the specific risk of the pre-defined
clinical outcomes according to the received anticoagulant
treatment. No restrictions were applied in terms of the type
of DOAC or AMI type. Exclusion criteria of the meta-anal-
ysis were the following: (1) case reports, reviews, editorials,
and practice guidelines; (2) studies not reporting raw prog-
nostic data or reporting raw data not appropriate for synthe-
sis; (3) studies not including a control group for comparison
with the DOACs group, leading to inability to synthesize
odds ratios (ORs) and 95% confidence intervals (CIs); (4)
studies investigating anticoagulants other than the pre-spec-
ified; (5) nonhuman studies.

Details regarding the data extraction process are avail-
able in the Supplementary Material. Overall, 2 co-primary
efficacy outcomes, 1 primary safety outcome, and a second-
ary composite outcome were examined. In terms of effi-
cacy: (1) the difference in LV thrombus resolution between
DOACSs and VKAs, as defined by complete thrombus reso-
lution on echocardiography or cardiac magnetic resonance
during follow-up; (2) the incidence of any systemic embolic
events, defined as any thromboembolic event/stroke/tran-
sient ischemic attack after the initiation of anticoagulation.
The safety outcome comprised any major or clinically rele-
vant nonmajor bleeding event, defined according to the cri-
teria of the International Society on Thrombosis and
Haemostasis,ll Bleeding Academic Research Consortium
score'” or thrombolysis in MI bleeding criteria'® or other
criteria used by the authors. The composite outcome
included any of the following: bleeding, systemic embo-
lism, any cardiovascular hospitalization, and all-cause mor-
tality. The quality assessment and data synthesis processes
are described in detail in the Supplementary Material.

Results

The study selection process is summarized in Figure 1.
Screening of databases identified a total of 4,227 studies; of
these 40 were assessed for eligibility. After the exclusion of
the studies including non-AMI populations and those pro-
vidin inap)propriate outcome data to produce ORs, a total
of 8%7'*~ " studies were included in the meta-analysis with
an overall sample of 605 patients with LV thrombus after
AMI.

The baseline characteristics of the studies included are
listed in Table 1. Four studies™”'®'” included exclusively
anterior ST-elevation MI patients whereas the rest had
mixed AMI cohorts. Three®”'” eligible studies were

randomized control trials, and the rest were observational
studies. The type of DOAC used was variable. Three
studies'>'®"” used exclusively rivaroxaban, 2 studies used
exclusively apixaban,®” and the remaining studies used any
of the clinically available DOACs. Most patients followed
an initial course of triple antithrombotic therapy after the
diagnosis of thrombus. Transthoracic echocardiography
was the primary imagin% modality used to diagnose LV
thrombus, with only 2'*™® studies also employing cardiac
magnetic resonance for certain patients.

Quality assessment of the included studies using the
quality in prognostic studies tool is listed in Supplementary
Table 2. Six of the included studies were considered as of
moderate risk for bias®™”'®"'” and 2 studies were consid-
ered as of low risk for bias,'"'” mainly driven by domains
of study attrition, prognostic factor measurement, study
cofounding, and statistical analysis.

All 8 studies provided appropriate quantitative data
regarding the resolution of LV thrombus after the initiation
of anticoagulation. Patients receiving DOACs had an
almost twofold higher chance of achieving thrombus reso-
lution compared with patients treated with VKAs (pooled
OR 1.95 [1.25 to 3.04], p = 0.003, I? = 0%) at follow-up
(Figure 2). All included studies but one'’ provided appro-
priate outcome data to compare the risk of systemic embo-
lism between DOACs and VKAs. DOACs demonstrated a
70% lower risk of systemic embolism compared with
VKAs (pooled OR 0.30 [0.12 to 0.75], p = 0.01, I = 0%)
(Figure 2). Data from 7%”'*~"® studies could be synthesized
to compare the risk of bleeding between DOACs and
VKAs. The use of DOACs was associated with a 54%
lower risk of bleeding compared with VKAs (pooled OR
0.46 [0.26 to 0.84], p = 0.01, I* = 0%) (Figure 2).
Seven™”'*"'¥ studies were meta-analyzed to compare the
composite risk of adverse events between DOACs and
VKAs. Overall, patients receiving DOACs had a 63% lower
risk of reaching the composite outcome of safety and effi-
cacy compared with patients using VKAs (pooled OR 0.37
[0.23 to 0.60]; p <0.0001, I’= 0%) (Figure 2). All subgroup
analyses performed are listed in Supplementary Table 3.
The generated funnel plots suggested a small possibility of
publication bias in all analyses (Supplementary Figures I,
2,3,and 4)

The quality of evidence, as assessed by the grading of
recommendations, assessment, development, and evalua-
tions tool, demonstrated a low risk of bias and low inconsis-
tency for the 2 co-primary efficacy outcomes, the safety
outcome, and the secondary composite outcome. No serious
considerations were raised regarding the indirectness and
imprecision of the results. Overall, the findings of these
analyses were considered important with a moderate level
of certainty (Supplementary Table 4).

Discussion

This is the first meta-analysis to comprehensively exam-
ine the role of DOACs in patients with LV thrombus as a
complication of AMI, by aggregating evidence from 8 stud-
ies with an overall sample size of 605 patients. Its main
finding is that DOACs achieved a twofold higher rate of LV
thrombus resolution during follow-up while demonstrating
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Figure 1. Study flow chart for study selection

a 70% lower risk of systemic embolism compared with
VKAs. With respect to their safety profile, DOACs had a
54% lower risk of bleeding compared with VKAs. When
the composite efficacy and safety outcome were examined,
DOACs outperformed VKAs reaching an overall 63%
lower risk of events.

The pathophysiology of LV thrombus formation after
AMI is complex and is based on Virchow’s triad of throm-
bogenesis as the interplay of 3 factors: (1) endothelial
injury, (2) blood stasis, and (3) hypercoagulability triggered
by inflammation. Each of these factors further serves as a
therapeutic target in the management of LV thrombus after
AMLI. Patients with AMI are known to have increased con-
centrations of prothrombin, fibrinopeptide A, and von Wil-
lebrand factor.”” Endothelial injury in the setting of AMI
triggers an inflammatory and prothrombotic state by expos-
ing the subendothelial tissue to monocytes and macro-
phages.”' This state predisposes to increased levels of
circulating C-reactive protein, fibrinogen, p-dimer, and
anti—cardiolipin antibodies (immunoglobulin M and immu-
noglobulin G), which are independent predictors of early
LV thrombus formation after AML>**’

Nonetheless, it should be emphasized that there are
intrinsic pathophysiological differences between AMI-

related LV thrombus, mainly caused by acute endocardial
injury/inflammation, and chronic heart failure-related LV
thrombus, primarily caused by stasis. These differences in
thrombogenesis may reasonably be translated into differen-
ces in treatment strategy.”’

The treatment of LV thrombus after AMI remains chal-
lenging because of a lack of large randomized clinical trials
to guide anticoagulation therapy. VKAs act by inhibiting
the activation of multiple clotting factors (II, VII, IX, X)
and proteins (C, S) and have historically been used and rec-
ommended for the treatment of LV thrombus.*** However,
their use is associated with considerable disadvantages
including the need for close monitoring, dose adjustments,
and multiple drug interactions.”> Conversely, DOACs are
highly selective direct inhibitors of coagulation, targeting
the factor Xa or thrombin, and can overcome these
limitations.”®

Although the safety and efficacy profile of DOACsS in
atrial fibrillation has been well established,”® data on the
role of DOACs for LV thrombus are contradictory.”’ >’ In
an observational study Fleddermann et al’” reported that
DOAC:s achieved thrombus resolution in 83% of a cohort
with LV thrombus with minimal bleeding complications.
Robinson et al’® demonstrated in a large multicenter



Table 1

Baseline characteristics of the included studies

Author Year Population Design No.of Age,years Male, Imaging modality DOAC Antiplatelets LVEF, %  Follow-up
patients % for the diagnosis period,
of LV thrombus months
Chaoetal’® 2018 AMI Retrospective, 126 61£9.5 79.3 TTE Rivaroxaban (100%) NR 40.4+8 18
observational
Jaidkaetal'” 2018 AMI (100% anterior Retrospective, 49 60.3£11.4 755 TTE or/and NR Triple therapy (100%) 34.5+£9.6 6
STEMI) observational Contrast TTE
Jonesetal'* 2021  AMI (87% anterior Prospective, 101 60 85 TTE or CMR Rivaroxaban (58.5%) Triple therapy (70%) Anticoagu-  34.5+£9.6 18
STEMI) observational, Apixaban (36.5%) lation+single antiplatelet (22%)
Edoxaban (5%) Anticoagulation only (8%)
Zhangetal® 2021  AMI (91% anterior Retrospective, 64 60.7£119 74 TTE Rivaroxaban (100%) Triple therapy (100%) with 42.1£11.9 24
STEMI) observational median duration 8.5 months
Liangetal'® 2022 AMI (100% anterior Retrospective, 128 55.1£11.2 86 TTE (only 2 patients Rivaroxaban (84.5%) Triple therapy (95%) Anticoagu-  43.0+£9.4 12
STEMI) observational underwent CMR)  Dabigatran (14.5%) lation and single antiplatelet
(5%)
Alcalai etal® 2022  AMI (100% anterior RCT 35 57 80 TTE Apixaban (100%) Triple therapy (100%), aspirin 36.0£6 3
STEMI) was stopped after | month
Youssefetal’” 2023 AMI (100% anterior RCT 50 5248.1 NR TTE Apixaban (100%)  Triple therapy (100%) for a max-  26.9+7.7 6
STEMI) imum of 3 months, unless the
clinical condition or bleeding
risk mandated the modification
of this policy
Mansouri et al'® 2024 AMI RCT 52 56.5+10.03 84.6 TTE Rivaroxaban (100%)  Triple therapy (100%), aspirin ~ 30.42+7.84 3

was stopped after 1 month.

Continuous variables are reported as median (IQR) or mean & SD and categorical variables as percentages.
AMI = acute myocardial infarction; CMR = cardiac magnetic resonance; DOAC = direct oral anticoagulant; LVEF = left ventricular ejection fraction; LV = left ventricular; NR = not reported;
RCT = randomized controlled clinical trial; STEMI = ST-segment elevation myocardial infarction; TTE = transthoracic echocardiography.
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A. Thrombus resolution
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DOACs VKAs Odds Ratio Odds Ratio
Study Events Total Events  Total Weight 95% CI 95% CI
Jaidka et al. 2018 8 9 18 21 3.4%  1.33(0.12-14.87)
Chao et al.2018 29 56 22 70 37.2%  2.34 (1.13 - 4.85) ——
Jones et al. 2020 33 41 38 60 22.5%  2.39 (0.94 - 6.08) ——
Zhang et al. 2021 26 33 23 31 14.6% 1.29 (0.41 — 4.12) _—
Liang et al. 2022 55 56 69 72 3.7% 2.39 (0.24 - 23.63)
Alcalai et al. 2022 16 17 15 16 2.4% 1.07 (0.06 — 18.62)
Youssef et al. 2023 24 25 23 25 3.2% 2.09 (0.18 - 24.61)
Mansouri et al. 2023 20 26 18 26 12.9%  1.48 (0.43 —5.10) —_—
Total (95% CI) 263 321 100%  1.95 (1.25 - 3.04) P
Total events 211 226
Heterogeneity: Tau? = 0.00, Chi2 = 1.40,df = 7 (P = 0.99); I = 0% | | I |
Test for overall effect: Z = 2.95 (P = 0.003) 0.05 0.2 [ 5 20
Favours VKAs Favours DOACs
B. Systemic embolism
DOACs VKAs Odds Ratio Odds Ratio
Study Events  Total Events Total Weight 95% CI 95% CI
Jaidka et al. 2018 0 12 2 37 8.8% 0.57 (0.03 — 12.66) =
Chao et al.2018 2 56 12 70 35.8% 0.18 (0.04-084) +«——Hl—
Jones et al. 2020 | 41 3 60 16.1% 0.47 (0.05 — 4.73) o
Zhang et al. 2021 I 33 4 31 16.8% 0.21 (0.02 - 2.00) i
Liang et al. 2022 | 56 2 72 14.5%  0.64 (0.06 — 7.20) —=
Alcalai et al. 2022 0 17 | 15 7.9% 0.28 (0.01 - 7.31)
Youssef et al. 2023 0 25 0 25 Not estimable
Total (95% CI) 240 310 100%  0.30 (0.12 - 0.75) i
Total events 5 24
Heterogeneity: Tau? = 0.00, Chi2 = 1.22,df = 5 (P = 0.94); I = 0% | | | |
Test for overall effect: Z = 2.58 (P = 0.010) 0.05 0.2 | 5 20
Favours DOACs Favours VKAs
C. Bleeding
DOACs VKAs Odds Ratio Odds Ratio
Study Events  Total Events Total Weight 95% ClI 95% CI
Jaidka et al. 2018 3 12 6 37 14.1% 1.72 (0.36 — 8.30) e —
Chao et al.2018 5 56 I 70 27.7% 0.53 (0.17 - 1.61) ——
Jones et al. 2020 6 41 22 60 33.9% 0.30 (0.11 - 0.82) —a—
Zhang et al. 2021 2 33 3 33 10.1% 0.65 (0.10 — 4.14) n
Liang et al. 2022 | 56 5 72 7.3% 0.24 (0.03 - 2.15)
Alcalai et al. 2022 0 17 2 15 3.6% 0.15 (0.01 - 3.49)
Youssef et al. 2023 0 25 | 25 3.3% 0.32 (0.01 - 8.25)
Total (95% CI) 240 312 100%  0.46 (0.26 - 0.84) R
Total events 17 50
Heterogeneity: Tau? = 0.00, Chi = 4.48,df = 6 (P = 0.61); 12 = 0% | | | |
Test for overall effect: Z =2.55 (P = 0.01) 0.05 0.2 | 5 20
Favours DOACs Favours VKAs
D. Composite outcome
DOACs VKAs Odds Ratio Odds Ratio
Study Events _ Total Events Total Weight 95% CI 95% Cl
Jaidka et al. 2018 3 12 8 37 9.5% 1.21 (0.26 — 5.54) —_—
Chao et al.2018 7 56 23 70 25.3% 0.29 (0.11 — 0.74) ——
Jones et al. 2020 7 41 26 60 24.0% 0.27 (0.10 - 0.70) —a—
Zhang et al. 2021 11 33 18 31 21.4% 0.36 (0.13 - 1.00) —a—
Liang et al. 2022 2 56 7 72 8.5% 0.34 (0.07 - 1.72) —
Alcalai et al. 2022 4 17 5 15 9.2% 0.62 (0.13 - 2.90) R
Youssef et al. 2023 0 25 | 25 2.1% 0.32 (0.01 — 8.25)
Total (95% CI) 240 310 100%  0.37 (0.23 - 0.60) L2
Total events 34 88
Heterogeneity: Tau? = 0.00, Chi2 = 3.42,df = 6 (P = 0.75); 12 = 0% | | | |
Test for overall effect: Z = 4.11 (P < 0.0001) 0.05 0.2 | 5 20
Favours DOACs Favours VKAs

Figure 2. Comparison of DOACs versus VKAs for the incidence of thrombus resolution (A), systemic embolism (B), bleeding (C), and the composite out-
come (D) in patients with left ventricular thrombus after acute myocardial infarction. The forest plot displays the odds ratio and the corresponding 95% confi-
dence interval (CI) of each study, indicating respectively the rate of thrombus resolution (A), the risk of systemic embolism (B), the risk of any major or
clinically relevant nonmajor bleeding event (C), and the risk of composite efficacy and safety outcome (D) for patients receiving DOACs compared with
patients receiving VKAs.
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retrospective cohort that DOACs were associated with an
increased risk of stroke or systemic embolism compared
with VKAs. However, given the lack of randomization in
this study residual confounding could impact the authors’
conclusions, as the DOACs group appears to have more
patients with traditional risk factors for stroke, whereas
intracranial bleeding, which is usually reduced in patients
treated with DOACs compared with VKAs, was not evalu-
ated.”® In another multicenter retrospective cohort Seiler et
al”’ questioned the efficacy of DOACs, by reporting a
higher rate of thrombus resolution within 1 month with
VKAs compared with DOACs. A major and common limi-
tation of the previously mentioned studies was the substan-
tial heterogeneity of the included population, which poses a
challenge to reaching robust conclusions about AMI
patients with LV thrombus. Specifically, these studies
enrolled patients with LV thrombus induced by any cause
such as heart failure or AMI. However, the present meta-
analysis enrolled only studies with AMI-related LV throm-
bus, which have significantly different pathophysiology and
treatment strategy compared with heart failure patients,
because they usually require oral anticoagulation in combi-
nation with antiplatelet agents.”'

There are only limited organizational guideline recom-
mendations regarding LV thrombus in an AMI context,
which reflects the lack of robust evidence and the necessity
of such an analysis. Previously, both the European and
American guidelines for the management of ST-elevation
MI did not include the DOACs as an anticoagulant choice
for the treatment of LV thrombus.®>>* In 2022, a scientific
statement from the American Heart Association indicated
that DOACs were considered to be a reasonable alternative
to VKASs in patients with LV thrombus and may be particu-
larly attractive in cases where therapeutic international nor-
malized ratio range is difficult to achieve consistently or its
monitoring is impractical.”* More recently, the 2023 Euro-
pean Society of Cardiology guidelines for the management
of acute coronary syndromes recommended DOACs as an
equal option to VKAs in patients with LV thrombus after
AML.” However, this recommendation stems from random-
ized data on LV thrombus treatment in a heterogeneous
cohort that is not post-AMI-specific.”* This meta-analysis
provides, for the first time in an AMI population, compre-
hensive evidence in favor of DOACs compared with
VKAs, both in terms of efficacy and safety.

The results of this meta-analysis are subject to several
inherent limitations, which should be acknowledged. Ran-
dom-effects meta-analyses were executed based on unad-
justed OR and CI. These were calculated using raw events
which could lead to residual confounding. Moreover, the
pooling of both randomized and observational studies adds
to the risk for residual confounding, although the calculated
I? for all analyses indicated low heterogeneity. Any sub-
group analyses provided are even more subject to cofound-
ing because of the very small sample of studies, and their
results should be interpreted with caution.

In conclusion, this is the first meta-analysis attempting to
elucidate the efficacy and safety of using DOACs versus
VKAs for the management of LV thrombus after AMI.
DOACS appear to achieve higher rates of thrombus resolu-
tion and to be associated with a lower risk of

thromboembolic events and bleeding, outperforming
VKAs. This meta-analysis emphasizes the need for further
randomized clinical trials to determine the most effective
and safe treatment strategy for LV thrombus management
related to AML
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