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Abstract
Background: Left ventricular thrombus(LVT) can lead to serious complications, and mostly formed after
ST-Elevation myocardial infarction(STEMI). The Off-label use of new oral anticoagulants(NOACs) in the
triple therapy of LVT after STEMI has increased in the past few years. As one of the most widely used
NOACs, the data of safety and e�cacy of rivaroxaban in LVT after STEMI is limited and warrants
continued exploring.

Methods: We conducted a retrospective cohort study involving STEMI patients underwent primary
percutaneous coronary intervention (PCI). Among patients who developed LVT after STEMI, we evaluated
the e�cacy and safety of rivaroxaban plus DAPT therapy associated with thrombus resolution and
clinical adverse events, compared with triple therapy with VKA.

Results: In 1,335 patients with STEMI, a total of 77 (5.7%) developed LVT over the follow up period
(median 25.0 months). Of the patients diagnosed with LVT, 31 patients were started on triple therapy with
VKA, 33 patients on triple therapy with rivaroxaban. There was a consistent similarity in LVT resolution
with rivaroxaban application compared to VKA application during the follow-up period[HR:1.57(95%CI
0.89-2.77), p=0.096; Adjusted HR:1.70(95%CI 0.90-3.22), p=0.104]. When the analysis focused on LVT
resolution at different time points during the follow-up period, triple therapy with rivaroxaban showed
quicker resolution than with VKA(6months:p=0.049; 12months:p=0.044; 18months:p=0.045). Meanwhile,
similar risks of ISTH bleeding were recorded in both groups, with no difference between the two
groups(Rivaroxaban 6.1% vs VKA 9.7% , p=0.444). Fewer net adverse clinical events(NACE) were
observed in the rivaroxaban group compared with the VKA group[Rivaroxaban 24.2% vs VKA 58.1%;
HR:0.31(95%CI 0.14-0.68), p=0.003; Adjusted HR: 0.23(95%CI 0.09-0.57), p=0.001].

Conclusions: This observational study suggests triple therapy with rivaroxaban has similar and quicker
LVT resolution in patients with LVT after STEMI, compared with triple therapy with VKA, and perhaps was
accompanied with a better clinical bene�t. Larger sample sizes and randomized controlled trials are
needed to con�rm this observation.

Introduction
Left ventricular thrombus(LVT) can lead to serious complications after acute myocardial infarction(AMI),
which is associated with a higher incidence of embolism(22.2%), death(18.9%), and major adverse
cardiovascular events(37.1%)[1]. The current view is that LVT mostly formed after ST-Elevation
myocardial infarction(STEMI). Although the generalization and progress of reperfusion therapy used in
the early stages of AMI largely reduce the frequency of LVT, the prevalence of LVT in patients with AMI
observed in different centers still remains 4%-15%[2–7]. In the current guidelines, the �rst-line therapy
recommends conventional triple anticoagulation [Vitamin K Antagonists(VKA) plus dual antiplatelet
therapy (DAPT)] for LVT after STEMI[8–10]. However, the Off-label use of new oral
anticoagulants(NOACs) in the triple therapy of LVT after STEMI has increased in the past few years. In
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previous studies on LVT, NOACs were usually considered as a whole and directly compared with VKA,
which may be inappropriate due to the different anticoagulant mechanisms and pathways of NOACs. As
one of the most widely used NOACs, safety and e�cacy data of triple therapy with rivaroxaban in the
setting of LVT after STEMI is limited.

The major purposes of this study were to evaluate the e�cacy and safety of Triple therapy with
rivaroxaban in the treatment of LVT after STEMI utilizing clinical outcomes. Triple therapy with VKA was
compared as standard treatment.

Methods
Study population and design

In this single-center retrospective study, all patients were identi�ed from STEMI patients underwent
primary percutaneous coronary intervention (PCI) in the China-Japan Union Hospital of Jilin University
from January 2016 to January 2019(Fig. 1). Triple therapy was de�ned as dual antiplatelet therapy
(DAPT) plus oral anticoagulants. DAPT included low-dose aspirin therapy(100mg/d) and a P2Y12
inhibitor(clopidogrel 75mg/d or ticagrelor 90mg bid). Triple therapy was started when LVT was diagnosed
by transthoracic echocardiography (TTE), and the use of VKA or rivaroxaban was determined by
physicians at that time. The dose of rivaroxaban depended on patient-speci�c factors (i.e creatinine
clearance, bleeding risk, age). According to ACC/AHA guidelines, warfarin dose was titrated to maintain
an internationally standardized ratio (INR) goal of 2.0 to 2.5[8]. The exclusion criteria for LVT patients is
that 1)rivaroxaban or VKA is currently being used for other diseases; 2)using other antithrombotic
therapies in patients with LVT(i.e dabigatran, apixaban); 3)severe bleeding tendency; 4) hemorrhage or
stroke occurred during hospitalization prior to baseline TTE; and 5)the quality of TTE was suboptimal, or
it was not performed after admission.
Transthoracic echocardiography

All patients underwent screening echocardiography on admission and at follow-up.LVT observed by TTE
was de�ned as 1) a high-density echo mass in the left ventricular lumen, which is different from that of
the myocardium; 2) Obvious contour towards the cavity; 3) Could be separated from the endocardial
layer; 4) exist throughout the cardiac cycle[3,11]. All TTE images were interpreted by two experienced
echocardiographists from the cardiac center. A predesignated third echocardiogram physician was
consulted to prevent inconsistencies.
Eendpoints and de�nitions

The primary e�cacy endpoint was de�ned as the total resolution of LVT during the follow-up period. The
secondary endpoint was a composite of net adverse clinical events(NACE) to assess the net clinical
bene�t, consisting of all-cause mortality, systemic embolism(SE), rehospitalization for cardiovascular
events, bleeding. SE is de�ned as abrupt vascular insu�ciency with clinical or radiographic evidence. The
safe endpoint is bleeding. According to the International Society of Thrombosis and Hemostasis (ISTH)
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de�nition[12,13], all bleeding events are classi�ed as minor, clinically relevant non-major (CRNM), or
severe bleeding.
Statistical Analysis

Continuous variables that are normally distributed were expressed as the mean ± standard deviation (SD),
and the t-test was used for comparison. Continuous variables that are Non-normally distributed were
expressed as the median (quaternary series) [M (Q1 ~ Q3)], and the Mann-Whitney U test is used for
comparison. Fisher exact test or Chi-square testis used to compare categorical variables.

Time-to-event data are presented as Kaplan-Meier method and assessed by the log-rank test. Baseline
variables that were considered clinically relevant or that associated at univariate analysis (P < 0.05) with
outcome were entered into multivariate Cox proportional-hazards regression models to adjusted models.
The included Variables were carefully chosen, given the number of events available, to ensure parsimony
of the �nal models[14]. Data analyses were performed using SPSS version 24.0 (IBM Corp, Armonk, NY,
USA) and GraphPad Prism 7.00 software (San Diego, California). All P values had a 2-sided signi�cance
level of 5%.

Results
Patients.

A total of 77 (5.7%) patients with STEMI were identi�ed to develop LVT. Not surprisingly, of these patients
with LVT after STEMI, the majority (91.0%) presented with anterior infarcts (71 patients). The value of
�brinogen is higher in LVT patients(p = 0.002). In terms of echocardiography, LVT patients were
signi�cantly lower left ventricular ejection fraction (LVEF) than those with no LVT (41.0%vs60.0%,
p 0.001) and tended to have larger left ventricular end-diastolic dimension(LVEDD)(56.0mmvs46.0mm,
P 0.001) (Table 1). More patients with LVT have left ventricular aneurysm(LV aneurysm)
(19.5%vs6.7%,p 0.001). And in the whole cohort study, 30 patients with LVT (39.0%) did not undergo
catheter-based revascularization therapy within 12 hours of STEMI onset because of late presentation at
the hospital, etc.(p 0.001). The post-PCI TIMI �ow grade of 6 LVT patients(7.8%) was less than or equal
to 2(P = 0.013). Of the patients diagnosed with LVT, 31 patients were started on triple therapy with VKA,
among which 7 patients failed to meet the therapeutic target of INR, 33 patients on triple therapy with
rivaroxaban, and 13 patients on other therapies due to various reasons. Both triple therapy groups were
well matched in terms of baseline characteristics except for Hypertension(p = 0.006) and LV aneurysm(p 
= 0.027)(Table 2).
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Table 1
Clinical characteristics in patients with and without left ventricular thrombus

Characteristics No LVT LVT p Value

(n = 1258) (n = 77)  

Baseline characteristics      

Male,n(%) 924(73.4) 59(76.6) 0.540

Age,yrs 62.0(53.0–69.0) 60.0(53.5–68.5) 0.594

Hypertension,n(%) 556(44.2) 26(33.8) 0.073

Diabetes mellitus,n(%) 236(18.8) 14(18.2) 0.900

Current smoker,n(%) 700(55.6) 41(53.2) 0.681

Blood examinations on admission      

WBC (×109) 10.0(8.0–12.0) 11.0(8.0–13.0) 0.105

Platelets(×109) 216.0(181.0-256.0) 229.0(164.0-266.0) 0.363

MPV (�) 10.0(9.0–10.0) 10.0(9.0-10.5) 0.232

Fibrinogen (mg/dl) 3.0(3.0–4.0) 4.0(3.0–5.0) 0.002

Echocardiography      

LVEF,% 60.0(50.0–65.0) 41.0(31.0-49.5) 0.001

LVEDD (mm) 46.0(42.0–49.0) 52.0(48.0–58.0) 0.001

LV aneurysm,n(%) 84(6.7) 15(19.5) 0.001

Procedural characteristics      

Symptom to balloon time ≥ 12h 291(23.1) 30(39.0) 0.001

Multivessel disease,n(%) 42(3.9) 4(5.2) 0.571

Post-PCI TIMI �ow grade ≤ 2,n(%) 29(2.3) 6(7.8) 0.013

WBC:white blood cell count; MPV:mean platelet volume; LVEF:left ventricular ejection fraction;
LVEDD:left ventricular end-diastolic dimension; LV aneurysm:left ventricular aneurysm;
TIMI:thrombolysis in myocardial infarction; PCI:percutaneous coronary intervention;
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Table 2
Clinical Characteristics in Patients with LVT who received triple anticoagulation (Rivaroxaban/Warfarin )

Characteristics Warfarin Rivaroxaban p Value

(n = 31) (n = 33)  

Baseline characteristics      

Male,n(%) 23(74.2) 24(72.7) 0.894

Age,yrs 61.3 ± 9.0 60.3 ± 14.7 0.730

Hypertension,n(%) 11(33.5) 23(69.7) 0.006

Diabetes mellitus,n(%) 5(16.1) 10(30.3) 0.181

Current smoker,n(%) 17(54.8) 11(33.3) 0.083

Blood examinations on admission      

WBC (×109) 11.0(8.0–13.0) 11.4(8.4–14.0) 0.914

Platelets(×109) 229.0(154.0-304.0) 258.0(193.5-307.5) 0.405

MPV (�) 10.0(9.0–11.0) 9.6(9.0-10.7) 0.416

Fibrinogen (mg/dl) 4.0(3.0–6.0) 4.0(3.0–4.0) 0.213

Echocardiography      

LVEF,% 41.4 ± 10.8 42.9 ± 13.1 0.614

LVEDD (mm) 52.5 ± 6.5 51.1 ± 7.4 0.437

LV aneurysm,n(%) 11(35.5) 4(12.1) 0.027

Procedural characteristics      

Symptom to balloon time ≥ 12h 12(38.7) 15(45.5) 0.585

Multivessel disease,n(%) 3(9.7) 1(3.0) 0.272

Post-PCI TIMI �ow grade ≤ 2,n(%) 2(6.5) 3(9.1) 0.694

WBC:white blood cell count; MPV:mean platelet volume; LVEF:left ventricular ejection fraction;
LVEDD:left ventricular end-diastolic dimension; LV aneurysmn:left ventricular aneurysm;
TIMI:thrombolysis in myocardial infarction; PCI:percutaneous coronary intervention;

 

Clinical results

26 patients (78.8%) in the rivaroxaban group and 23 patients (74.2%) in the VKA had resolution of LVT
over the follow-up up period(Table 3). There was a consistent similarity in LVT resolution with
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rivaroxaban application compared to VKA application during the follow-up period(Fig. 2; Table 3). When
the analysis focused on LVT resolution at different time points during the follow-up period, triple therapy
with rivaroxaban showed quicker resolution than with VKA(6months:p = 0.049;12months:p = 0.044;
18months:p = 0.045)(Fig. 3).

Table 3
Clinical Outcomes during the follow-up period

Outcomes Warfarin Rivaroxaban Adjusted
HR(95%CI)

p
Value

  (n = 31) (n = 33)    

LVT resolution,n(%) 23(74.2) 26(78.8) 1.70(0.90–3.22) 0.104

NACE,n(%) 18(58.1) 8(24.2) 0.23(0.09–0.57) 0.001

SE,n(%) 4(12.9) 1(3.0) 0.29(0.02–3.13) 0.305

Rehospitalization for cardiovascular
events,n(%)

12(38.7) 7(21.2) 0.28(0.09–0.83) 0.022

All-cause mortality 4(12.9) 1(3.0) 0.226(0.02–
2.62)

0.234

Bleeding events,n(%) 3(9.7) 2(6.1) 0.48(0.73–3.20) 0.444

Major bleeding,n(%) 1(3.2) 0 - -

Minor bleeding,n(%) 2(6.4) 2(6.0) - -

LVT:left ventricular thrombus; NACE:net adverse clinical events, consisting of all-cause mortality, SE
rehospitalization for cardiovascular events, bleeding; SE: systemic embolism;

 

With respect to NACE, rates of NACE were high in LVT patients(45.4%). NACE rates differed signi�cantly
between the two triple therapy groups (VKA 58.1% vs Rivaroxaban 24.2% ) over the follow-up
period(Fig. 4; Table 3). Triple therapy with VKA had a higher rehospitalization rate due to cardiovascular
events(38.7%vs21.2%,p = 0.022). The rates of systemic embolism(SE) were lower in triple therapy with
rivaroxaban (3.0% vs 12.9%), but it was not statistically signi�cant(Table 3). No systemic embolic events
occurred in patients within the time of triple therapy with rivaroxaban, with 2 events occurring in patients
on VKA. When not in the triple therapy period, 1 event occurred in the rivaroxaban group and 2 events
occurred in the VKA group. Meanwhile, similar risks of ISTH bleeding were recorded in both groups, with
no difference between the two groups(Rivaroxaban 6.1% vs VKA 9.7%,p = 0.444). These events included
gastrointestinal bleeding (n = 1, VKA group), and gingival bleeding (n = 4; VKA group, 2; Rivaroxaban
group,2). All bleeding events occurred within the time of triple therapy. No major bleeding events were
seen in the rivaroxaban triple treatment group.

Discussion
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The major �ndings of this retrospective study are: 1) the prevalence of LVT in STEMI patients underwent
PCI at our center was 5.7%; 2)Low LVEF, large LVEDD, LV aneurysm, high hibrinogen, delayed
revascularization, and the poor blood �ow after revascularization are relevant factors for LVT; 3)there
were similar and quicker resolution of LVT in the triple therapy with rivaroxaban compared to patients
treated with VKA; 4)the incidence of bleeding was similar in both triple therapy; 5)triple therapy with
rivaroxaban had less net adverse clinical events(NACE) during the follow-up period, compared with VKA
group.

Triple therapy with VKA is currently considered �rst-line therapy for LVT after STEMI[8–10]. But the need
for dietary restrictions, frequent monitoring, narrow treatment scope, and multiple drug interactions
associated with VKA has contributed to an increase in NOACs application worldwide. In previous studies
on LVT[15–18], NOACs were usually considered as a whole and directly compared with VKA, which may
be inappropriate due to the different anticoagulant mechanisms and pathways of NOACs. To the best of
our knowledge, there are no comparative studies regarding triple therapy with single NOACs versus VKA in
patients with LVT following STEMI. As one of the most widely used NOACs, the safety and e�cacy data
of rivaroxaban for LVT after STEMI are limited and warrant continued investigation. Meanwhile, several
landmark trials[19,20] have shown rivaroxaban was non-inferior in e�cacy, compared to VKA, in
preventing thromboembolism for atrial �brillation(AF). Rivaroxaban also appears to have a positive effect
in the treatment of left atrial appendage thrombosis[21]. The formation of LVT is pathologically similar to
the formation of left atrial appendage thrombosis, occurring in a low-�ow setting. Given the e�cacy of
rivaroxaban in the prevention of atrial �brillation thromboembolism and for treatment of left atrial
appendage thrombosis, it is reasonable to extrapolate its e�cacy to LVT treatment.

The rate of LVT resolution during treatment is one of the most concerned problems. Previous case
studies have demonstrated the e�cacy of NOACs in patients with LVT after AMI, and a review of all
cases shows the safety of these drugs[22–25]. Based on previous case studies and reviews, Daniel a
Jones et al.[17]demonstrated that LVT resolution was quicker in the NOACs group than in the VKA
group(1-year 82% vs 64.4%, p = 0.0018). However, in their study, all NOACs were analyzed as a whole,
which may be inaccurate to determine the effect of various NOACs on LVT after AMI. In the present study,
only rivaroxaban was used as the NOACs. When LVT resolution rates were analyzed throughout the
follow-up period, triple therapy with rivaroxaban or VKA was found to have similar resolution rates. Given
the long follow-up time of this study, similar LVT resolution between the two groups are understandable.
The difference became apparent when we analyzed the resolution of the two groups using different time
points, whether at 6, 12, or 18 months, rivaroxaban had higher resolution than VKA, which supports the
e�cacy of rivaroxaban, as compared with warfarin, was favorable. However, compared with other
studies[15–17], the resolution rate of LVT in the triple therapy of VKA in our center seems to be low. When
focusing on this, it is found that this may be related to the INR compliance rate in the triple therapy.
Among the patients receiving the triple therapy of VKA, 7 patients(22.5%) failed to meet the therapeutic
target of INR, which may affect the resolution rate of LVT.
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The clinical issue associated with LVT is the increased risk of SE, with the prevalence of embolization
complications in LVT patients ranging from 10–35%[3,26]. In the present study, the incidence(11.3%) on
VKA plus DAPT appears consistent with earlier publications. The incidence(3.3%) on rivaroxaban plus
DAPT was lower than previous studies on NOACs[16,17]. The study published by Daniel A Jones et al.
[17]showed that in the treatment of LVT, no difference in rates of SE was seen between VKA group and
NOACs group in patients with LVT after AMI. However, Austin A. Robinson et al.[16]published an
observational study of 514 patients with LVT (all indications) showed the use of NOACs was signi�cantly
associated with systemic embolism compared with VKA. There may be several possible reasons for the
inconsistent results of these studies:1) The diseases included in the same studies were different, and the
treatment after the occurrence of LVT in a certain disease was not analyzed separately. 2) All NOACs
were analyzed as a whole, without considering the different mechanisms and pathways of action of
NOACs, as well as the differences in e�cacy and side effects; 3) There were different antithrombotic
treatment regimens in these same studies, some were given triple therapy(anticoagulant + dual
antiplatelet therapy,some were given double therapy(anticoagulation + antiplatelet therapy), and some
were given only anticoagulant therapy, which may lead to an imprecise assessment of the pros and cons
of treatment options.Although these studies re�ect some of the advantages and disadvantages of
NOACs as a whole in the treatment of LVT, more precise studies are worth continuing. Rivaroxaban was
the only NOACs that was focused on in this study. Previous studies have demonstrated the superior
performance of the triple therapy given rivaroxaban in reducing cardiovascular events in patients with
atrial �brillation and ACS[19,20,27]. In the present study, in patients with LVT after STEMI, the triple
therapy given rivaroxaban also had a lower incidence of SE than the triple therapy given VKA(3.0% vs
12.9%),but it was not statistically signi�cant. This may be related to the relatively small sample size in
our study. According to previous studies on rivaroxaban, we tend to think that rivaroxaban has a positive
effect on SE in patients with LVT after STEMI, which needs to be con�rmed in larger clinical trials.

The main disadvantage of continuous anticoagulation is the increased risk of bleeding. The incidence of
adverse outcomes such as death, stroke, and reinfarction was higher in patients with bleeding events[28].
Especially in the patients taking antiplatelet agents plus VKA, anticoagulation is associated with
increased risk of bleeding[29]. Several studies[30,31] have reported that triple therapy with VKA has a 3–4
times higher risk of major bleeding than antiplatelet therapy alone or single oral anticoagulant.Andrade et
al. [31]conducted a systematic review and meta-analysis of the risk of bleeding in patients receiving triple
therapy with VKA after PCI. In their analysis, at 30 days and 6 months the rates of major bleeding with
DAPT plus VKA were signi�cantly higher than the DAPT. In the WOEST trial[32], 12.3% of patients
receiving triple therapy with VKA had moderate and severe bleeding events within 1 year, signi�cantly
higher than those receiving the dual therapy. However, the results observed in the current study of
rivaroxaban are different. In the PIONEER AF-PCI trial with non-valvular AF patients who had undergone
PCI[20], the rate of bleeding on triple therapy with rivaroxaban was signi�cantly lower than triple therapy
with VKA( 18.0% vs. 26.7%). In the ATLAS ACS 2-TIMI 51 trial among STEMI patients, triple therapy with
rivaroxaban reduced the primary e�cacy endpoint of cardiovascular death, myocardial infarction, or
stroke, but the rate of fatal hemorrhage was not signi�cantly increased(0.2% vs. 0.1%, p = 0.51). In the
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present study, similar bleeding risks were documented between the two groups, and showed no
difference. But when focusing on NACE consisting of bleeding, all-cause mortality, SE, rehospitalization
for cardiovascular events, we found that NACE were lower in triple therapy with rivaroxaban during the
follow-up period, compared with triple therapy with VKA. These results are reassuring, because it
indicated that the increase in bleeding seen does not offset the bene�t of reduction in vascular events,
which suggested that triple therapy with rivaroxaban may have a better net clinical bene�t for patients
with LVT after STEMI.

Limitations
Firstly, due to the condition of STEMI patients, the diagnosis of LVT was mainly based on
echocardiography in this study, which may have lower detection sensitivity and speci�city compared with
other imaging methods. Secondly, considering the high risk of triple therapy with VKA in previous studies,
physicians at our center were very cautious in adjusting the dose of VKA, which may lead to failure to
reach the treatment goal of INR, thus affecting the resolution of LVT. Thirdly, the main limitations of this
study are the small sample size and non-randomness, albeit this study including the largest number of
patients treated with triple therapy with rivaroxaban for assessing LVT after STEMI so far. Therefore, our
results should be considered exploratory rather than de�nitive.

Conclusion
This observational study suggests triple therapy with rivaroxaban had similar and quicker LVT resolution
in patients with LVT after STEMI, compared with triple therapy with VKA, and perhaps was accompanied
with a better clinical bene�t. Larger sample sizes and randomized controlled trials are needed to con�rm
this observation.
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Figure 1

Study Chart Flow. STEMI:ST-Elevation Myocardial Infarction; PCI:percutaneous coronary intervention;
LVT:Left ventricular thrombus;VKA:Vitamin K Antagonists
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Figure 2

Time-to-Event Curves for LVT Resolution In Patients With Triple Therapy During The Entire Follow-up
Period. LVT:Left ventricular thrombus;HR:hazard ratio; CI:con�dence interval;

Figure 3
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LVT Resolution In Patients With Triple Therapy At Different Time Points During The Follow-up Period.
LVT:left ventricular thrombus;HR:hazard ratio; CI:con�dence interval;

Figure 4

A composite of net adverse clinical events(NACE) consisting of all-cause mortality, SE ,rehospitalization
for cardiovascular events, bleeding. HR:hazard ratio; CI:con�dence interval;


