Volume 8, Issue 1, 2024 ISSN: 2617-457X Irl-‘S
DOT: https://doi.org/10.31058/j.hr.2024.81006

Progress of the Direct Oral Anticoagulants
in Treatment of Left Ventricular
Thrombosis

Jiaxin Shi!, Hua Xiao'"

! The First Affiliated Hospital of Chongging Medical University, Chongqing, China

Email Address
xiaohual97408(@163.com (Hua Xiao)
*Correspondence: xiaohual97408@163.com

Received: 26 January 2024; Accepted: 12 February 2024; Published: 20 February 2024

Abstract:

Left ventricular(LV) thrombosis is a severe complication of several cardiomyopathies
that can result in cerebrovascular and peripheral vascular embolism, increasing
disability and mortality. Most guidelines recommend using vitamin K antagonists
(VKASs) to prevent and treat embolic events in patients with left ventricular thrombus.
The introduction of direct oral anticoagulants (DOACs) has provided new treatment
options for LV thrombosis. Despite the increasing use of DOACs and the emergence
of a growing number of relevant studies in the last two years, their efficacy remains
uncertain. Several recent small prospective randomized controlled trials (RCT) have
demonstrated that DOACs are non-inferior to the gold standard warfarin in treating
patients with L'V thrombosis. It is possible that direct oral anticoagulants may replace
VKA as the first-line treatment for LV thrombosis in future guidelines. However,
prospective randomised data on the optimal treatment of LV thrombosis are still
lacking.
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1. Introduction

Left ventricular(LV) thrombosis is a significant complication of ischemic and non-
ischemic cardiomyopathies due to it is related to an increased risk of stroke and
systemic thromboembolism [1]. The causes of LV thrombosis are complex, with acute
myocardial infarction (AMI) being the most frequent cause [2]. Despite the significant
reduction in the incidence of LV thrombosis since the introduction of thrombolytic
therapy and percutaneous coronary intervention (PCI), left ventricular thrombosis still
represents a significant threat to human life and health due to its high mortality and
disability.

Thrombus formation depends on the Virchow triad, which includes endothelial
injury, blood stasis, and hypercoagulability. Blood stasis and hypercoagulability are
particularly important in LV thrombosis development and are the theoretical basis for
the use of anticoagulants in the treatment of LV thrombosis. The most current
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American Heart Association recommends vitamin K antagonists (VKASs) as first-line
therapy [3]. However, direct oral anticoagulants (DOACs) are increasingly used in
clinical practice due to their advantages of acting on a single target, rapid onset of
action, and stable efficacy. The latest European Society of Cardiology (ESC)
guidelines for acute coronary syndromes recommend the use of either warfarin or
DOAC:s for the treatment of left ventricular thrombosis after myocardial infarction[4].

Studies on DOAC:s for the treatment of LV thrombosis have increased over the last
few years. However, most of these have been retrospective, and their conclusions
have been inconsistent. Recently, several small prospective randomized controlled
trials have confirmed that direct oral anticoagulants are not inferior to the gold
standard warfarin in treating patients with LV thrombosis. These studies provide hope
for future guidelines on the use of direct oral anticoagulants as a first-line treatment
for left ventricular thrombosis.

This review examines various aspects of left ventricular thrombosis, including
epidemiology, mechanisms, treatment, and current research, with the aim of
evaluating the efficacy and safety of DOACs for treating left ventricular thrombosis.

2. Epidemiology

Although LV thrombus can be found both in ischemic and non-ischemic
cardiomyopathies, the majority of LV thrombi form after AMI [2]. In the pre-
thrombolytic era, about 30% of individuals with acute anterior wall myocardial
infarction developed LV thrombi [5]. With the development of reperfusion and
antithrombotic therapies, the incidence of LV thrombosis has significantly decreased.
Nevertheless, the incidence of left ventricular thrombus remains high. In the primary
PCI era, the prevalence of LV thrombus after acute myocardial infarction distribute
widely, ranging from 0.4% to 8.8% [6,7]. A previous meta-analysis, which involved
10,072 individuals, demonstrated that the occurrence of LV thrombosis was 2.7% in
patients with STEMI who underwent PCI. The incidence was even higher in cases of
anterior wall myocardial infarction, at 9.1%[8]. A high prevalence of LV thrombus
12.2% was found in patients with STEMI in a recent meta-analysis of 2,072 patients
with ST-segment elevation myocardial infarction (STEMI) who had a left ventricular
thrombus detected by cardiac magnetic resonance imaging (CMR) within 1 month.
Among among patients with anterior STEMI and left ventricular ejection fraction
(LVEF) <50%, this rate was 19.2%[9]. One of the reasons for this disparity of
prevalence is the use of different tools to diagnose left ventricular thrombosis. In
clinical practice, transthoracic echocardiography (TTE) is frequently used to screen
for LV thrombosis because of its simplicity and low cost. However, CMR is still
widely regarded as the gold standard for diagnosing LV Thrombus due to its
unparalleled sensitivity and specificity [10]. Studies have shown that CMR has a
higher sensitivity than TTE, particularly when it comes to identifying laminar LV
mural thrombus and late gadolinium enhancement. Compared to TTE (sensitivity
23%-61%), CMR imaging has higher sensitivity (88%), specificity (99%), and
accuracy for detecting LV thrombi[11]. Most of the previous reports diagnosed LV
thrombosis by TTE, so we believe that the incidence of LV thrombosis is
underestimated.

LV thrombus is strongly related to embolic events, which can increase patient
mortality. Research has shown that systemic embolism (SE) occured in 15 of 92
patients with LV thrombus (16.3%) ,with concomitant LV thrombus after a first AMI,
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and that LV thrombus is an independent predictor of SE [12]. A meta-analysis
including a total of 11,689 individuals in 11 trials. When comparing the LV thrombus
group to the non-LV thrombus group, the results revealed a substantially higher
incidence of embolic events. Furthermore, compared to the non-LV thrombus group,
the LV thrombus group had a greater long-term death risk [13]. Additionally, several
studies have shown that the movement and appearance of left ventricular thrombi
seems to correlate with the development of embolism [14,15].

3. Mechanisms

It is generally acknowledged that Virchow triad (including endothelial injury, blood
stasis and hypercoagulability) underlies thrombosis. It has a tight connection to the
LV thrombus that develops following myocardial infarction [16].

3.1. Endothelial Injury

There is a possibility that the extent of cardiac damage following myocardial
infarction is linked to a higher risk of thrombosis [17]. And a study by Acar also
showed that patients who developed a LV thrombus after AMI had significantly
higher peak levels of troponin-T level and creatine kinase isoenzyme MB (CK-MB)
than those who did not develop a thrombus (mean peak levels of troponin-T were
32.63 vs. 18.7 ng/ml, CK-MB were 245.47 vs. 167.37 IU/L) [18]. Also injury to the
endothelium causes an inflammatory response, on the other hand, increasing the risk
of LV thrombosis.

3.2. Blood Stasis

Blood stasis mainly caused by left ventricular dysfunction. Myocardial infarction is
often result in lowed LVEF and/or apical or anterior left ventricular decreased motor
function after myocardial infarction due to uneven forces on the ventricular wall,
resulting in the formation of abnormal vortex that cause stasis of blood flow [16].
There is evidence that abnormal blood flow patterns due to regional left ventricular
dysfunction are strongly associated with thrombosis compared to normal blood flow
patterns [19].Weinsaft et al also found that abnormal apical ventricular wall motion is
associated with the occurrence of left ventricular thrombosis [20].

3.3. Hypercoagulability

When myocardial cells are injury, the nitric oxide content on the endocardial
surface decreases and the subendocardial collagen is exposed, resulting in the
production of a large number of pro-coagulant substances such as erythrocytes,
fibrinogen, and platelet particles, and the formation of hypercoagulable state [21]. In
addition, after myocardial infarction, local myocardial ischemia and hypoxia triggers
an inflammatory response, thus activating the coagulation system. Research has
shown that C-reactive protein (CRP), fibrinogen and the ratio of neutrophils to
lymphocytes are independent predictors of left ventricular thrombosis after AMI [20],
with CRP being of particular importance in this context [22]. This hypercoagulable
state after AMI can last for six months or longer [21], thus the risk of developing a
LV thrombus is high throughout this period.
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4. Treatment

Based on the mechanisms of LV thrombosis described above, current guidelines
recommend that anticoagulants are preferred above antiplatelet drugs when treating
left ventricular thrombus. The classic anticoagulant is warfarin, which interfering with
the synthesis of vitamin K and thus non-specifically inhibits the synthesis of vitamin
K-dependent clotting factors to achieve anticoagulation. According to the 2012
guidelines of the American College of Chest Physicians, patients with LV thrombus
after anterior wall AMI should receive VKA for 3-6 months in addition to dual
antiplatelets therapy [23] (DAPT). According to 2013 American Heart Association
(AHA) STEMI guidelines, patients with STEMI who also have anterior apical
akinesis or dyskinesis should consider receiving anticoagulation therapy with a
vitamin-K antagonism (VKA, such as warfarin) for at least three months [3].

However, warfarin has significant limitations such as being easily affected by food
and medicine and requiring regular review of coagulation function. In recent years,
direct oral anticoagulants have emerged, providing more choices for anticoagulation
therapy. DOAC achieve anticoagulation by acting on a single target and inhibiting
activated coagulation factors. This has the advantages of fast onset of action, constant
titre, and low risk of bleeding. In 2013, the U.S. Pharmacovigilance Administration
approved the use of DOACs for anticoagulation in atrial fibrillation. DOAC has been
extended to off-label indications used to treat LV thrombus in clinical practice due to
their superior pharmacological and clinical effects.

The 2014 Stroke Guidelines from the AHA/American Stroke Association
recommend DOAC as an alternative treatment for patients with ventricular thrombus
who occur serious side effects after taking warfarin. A 3-month VKA with a target
INR of 2.0-3.0 is advised for patients with ischemic stroke or transient ischemia who
have AMI worsened by LV appendage thrombosis. [24] The 2023 ESC Guidelines
suggest considering 3-6 months of oral anticoagulant therapy (warfarin or DOAC) as
soon as LV thrombus is identified, it is advised to have cardiac magnetic resonance
imaging or follow-up echocardiography, and the necessity of concurrent antiplatelet
medication should be assessed in light of the total risk of bleeding. [4]

The management of LV thrombosis has been studied and improved over the past
decade. However, there are no available guidelines definitively recommend that the
best anticoagulation regimen, duration of treatment, or combination of oral
anticoagulants and antiplatelet agents for patients with LV thrombosis.

5. Recent Research

Over the past few years, a number of small retrospective observational studies have
compared the efficacy of warfarin with the DOAC:s in the treatment of LV thrombosis.
However, these studies have reached inconsistent conclusions. Jones et al [25] in 2021
published a retrospective observational study, it included 101 patients with left
ventricular thrombosis, of whom 61 were treated with warfarin and 40 with DOAC,
with a median follow-up of 2.2 years, and patients who received DOAC showed a
higher and earlier rate of left ventricular thrombosis resolution compared with who
received warfarin; and the DOAC group had a better safety profile, with fewer major
bleeding events, and no statistically significant difference in the rate of thrombotic
event compared to the warfarin group. Robinson et al. [26] arrived at a different
conclusion that compared with warfarin, DOACs was associated with a increased risk
of stroke and SE. In their multicentre research analysis of 514 patients with LV
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thrombosis, 300 received warfarin treatment and 185 received a DOAC. The study
showed that 54 thrombotic events were diagnosed during the follow-up, with 17 in the
DOAC group and 14 in the warfarin group. The study also found that DOACs
treatment was significantly related to a higher risk of SSE compared to warfarin. These
trials have confirmed that DOACs have a therapeutic effect on left ventricular
thrombosis, but the conclusions about their safety compared with the conventional
drug warfarin are vary.

Several of the trials mentioned above have significant limitations, as they were all
small retrospective studies. Significantly, a few recent RCT have consistently
concluded that DOACs are not inferior to warfarin for treating LV thrombosis.
Abdelnabi [27] conducted a prospective multicenter RCT to evaluate a DOAC for the
treatment of LV thrombus after AMI. In this trial, 79 participants were randomized to
either warfarin (n = 40) or rivaroxaban (n = 39). The changes in LV thrombus were
assessed by TTE at 1, 3, and 6 months after drug administration. The thrombolysis
rate in the rivaroxaban group and the warfarin group at 1,3,6 months were 71.79% vs
47.5%,76.92% vs 67.5%, 87.17% vs 80% , respectively. Additionally, there were no
systemic embolic events in the rivaroxaban group, compared with 2 events in the
warfarin group (5%). Regarding the incidence of bleeding events, there were 5.1% in
the rivaroxaban group and 15% in the warfarin group. A multicentre RCT by Youssef
[28]compared the efficacy of apixaban and warfarin for treating LV thrombus after
MI. Patients with LV thrombus after anterior wall MI were randomized to receive
either apixaban or warfarin to achieve an international normalized ratio (INR) while
receiving dual antiplatelet therapy (DAPT). Thrombus resolution rates were lower in
the apixaban group than in the warfarin group at 1-month and 3-month, with rates of
40% and 76% compared to 56% and 80%, respectively. However, at the 6-month
follow-up endpoint, the apixaban group had a higher resolution rate of 92% compared
to 80% in the warfarin group. The statistical analysis showed no significant difference
in the rate of LV thrombus dissolution between the two groups (p < 0.036). Notably,
this study did not report any embolic or haemorrhagic events. Both studies we
mentioned diagnosed left ventricular thrombus by TTE, which has limited sensitivity.
A current study diagnosed LV thrombosis by contrast-enhanced echocardiography
(CE) at baseline and follow-up visit. The study involved 64 patients with left
ventricular thrombosis and were administered rivaroxaban either 15mg or 20mg daily,
using a microbubble contrast agent (Sonovue) via CE to assess LV thrombus over 12
weeks. The study’s findings indicated that 78.1% of LV thrombus dissolution and
95.3% of LV thrombus decreased or dissolved. The rate of serious cardiovascular
events was 6.7% [29]. A recent RCT from Jilin University supported the use of low-
dose rivaroxaban in addition to DAPT for the prevention of LV thrombosis in patients
with anterior STEMI undergoing primary PCI [30]. The study enrolled 279 patients
with anterior wall STEMI who met the criteria. All patients underwent PCI for the
first time and received aspirin in combination with either tegretol or clopidogrel
antiplatelet therapy after surgery. The patients were randomly divided into two groups:
139 patients in the first group received DAPT plus low-dose rivaroxaban for 30 days,
whereas 140 patients in the second group received DAPT alone. The study results
indicate that within 30 days, the incidence of LVT was significantly lower in the
rivaroxaban group (0.7%) compared to the DAPT-only group (8.6%) (HR: 0.08; 95%
CI: 0.01-0.62; P = 0.015). This suggests that low-dose rivaroxaban can reduce the risk
of LVT after AMI. On the other hand, there were no significant differences in safety
events between the two groups.
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Several small randomized trials have shown that DOAC is not inferior to warfarin
in treating LV thrombosis. However, due to the limited sample sizes of these studies,
more investigation is required to verify the efficacy and safety of DOAC. Until now,
we couldn’t definitively say that direct oral anticoagulant will instead of warfarin to
be the fthe first choice for the treatment of left ventricular thrombi.

6. Conclusions

Although the incidence of LV thrombosis has declined significantly since the
introduction of thrombolytic therapy and percutaneous coronary intervention, treating
LV thrombosis remains a clinical challenge. Early diagnosis and initiation of
anticoagulation are particularly important in reducing the complications of LV
thrombosis. Recent studies have demonstrated the potential role of DOACs in the
treatment of LV thrombosis. However, a large number of prospective, multicenter,
RCT are still needed to evaluate whether DOACs can replace warfarin as the first-line
medicine for the treating LV thrombosis.
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