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Abstract

Background Contemporary data regarding the clinical characteristics and prognosis of left ventricular thrombus
(LVT) in older adults (aged > 65 years old) are lacking. In this study, we characterized elderly patients with LVT
(aged > 65 years old) and investigated the long-term prognosis in this highly vulnerable patient population.

Methods This single-center, retrospective study was conducted from January 2017 to December 2022. Patients
with a reported LVT were assessed primarily by transthoracic echocardiography (TEE) and classified into two

groups: elderly LVT groups and younger LVT groups. All patients were treated with anticoagulant treatment. Major
adverse cardiovascular event (MACE) was defined as the composite of all-cause mortality, systemic embolism, and
rehospitalization for cardiovascular events. Survival analyses were performed with the Kaplan-Meier method and Cox
proportional-hazard model.

Results A total of 315 eligible patients were included. Compared to the younger LVT group (n=171), the elderly LVT
group (n=144) had a lower proportion of males and lower serum creatinine clearance, as well as a higher level of
NT-proBNP, and a higher rate of history of systemic embolism. LVT resolution occurred in 59.7% and 69.0% of patients
in the elderly LVT group and younger LVT group, respectively, with no significant difference (adjusted HR, 0.97; 95%
Cl,0.74-1.28; P=0.836). Yet, elderly patients with LVT, had higher prevalence rates of MACE (adjusted HR, 1.52; 95%

Cl, 1.10-2.11; P=0.012), systemic embolism (adjusted HR, 2.81; 95% Cl, 1.20-6.59; P=0.017) and all-cause mortality
(adjusted HR, 2.20; 95% Cl, 1.29-3.74; P=0.004) compared with younger patients with LVT. After adjusting for mortality
in the Fine-Gray model, similar results were observed. Additionally, patients treated with different anticoagulation
therapies (DOACs vs. warfarin) achieved a similar improvement in prognosis (P >0.05) or LVT resolution (P >0.05) in
elderly patients with LVT.

Conclusions Our results found that elderly patients experiencing LVT have a poor prognosis compared with

the younger ones. Clinical prognosis in elderly patients did not significantly differ with the type of anticoagulant
used. With aging societies worldwide, further evidence of antithrombotic therapy in elderly individuals with LVT is
necessary.
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Background

The prevalence and complications of cardiovascular dis-
eases have been increasing as the global population has
aged. Among elderly individual, left ventricular throm-
bus (LVT) is associated with a higher risk of cardiovas-
cular events and death [1, 2]. Due to the physiological
changes associated with ageing, older people are gener-
ally exposed to a higher risk of thromboembolism. Fur-
thermore, decreased hepatic metabolism and/or renal
clearance predispose the individuals to drug-related
complications [3]. Data from elderly patients suffer-
ing from atrial fibrillation (AF) indicate that the risk of
bleeding during anticoagulation significantly increases
with age [4]. Moreover, a subgroup analysis from the
ROCKET AF study demonstrated that elderly patients
have a higher stroke and major bleeding prevalence than
younger patients during anticoagulation [5]. Yet, to date,
no consensus or recommendation has been proposed for
antithrombotic therapy in elderly LVT patients, and no
randomized controlled trials (RCTs) or real-world stud-
ies have been published to guide our decision-making in
treating these elderly patients in clinical practice. In addi-
tion, data on the prognosis of older adults with LVT are
lacking. Hence, for this specific population, routine care
is based on evidence from LVT studies in other clini-
cal settings [6, 7]. Yet, whether the evidence from these
various clinical settings can be generalized to elderly LVT
patients requires additional data support. Thus, physi-
cians continue to face challenges in LVT management
in elderly patients and are in need of relevant real-world
data on the prognosis to reflect the current status of this
population.

Herein, we designed a retrospective study to charac-
terize elderly LVT patients, and investigate their clinical
prognosis and determine the impact of different anti-
coagulation therapies (DOACs vs. warfarin) on their
prognosis.

Methods

Research design and population

This single-center, retrospective study was conducted
at the China-Japan Union Hospital of Jilin University
between January 2017 and December 2022. LVT was
assessed primarily by transthoracic echocardiography
(TTE), and other imaging modalities were used as a
supplement. All consecutive echocardiogram reports
conducted at the hospital were analyzed using computer-
ized searches. Patients with a reported LVT (regardless of
underlying disease) were screened, and only patients with
LVT confirmed by 2 independent experts were included.
Patients who were not receiving anticoagulant therapy

or were lost to follow-up were excluded from the study.
LVT was defined as an echo-dense mass distinct from
the underlying myocardium and adjacent to a hypoki-
netic or akinetic myocardial LV segment or aneurysm,
a clear thrombus-blood interface was required, and the
LVT had to be visible in at least 2 views throughout the
cardiac cycle. Detailed definitions of LVT echocardio-
graphic evaluation were presented in the Supplemental
Appendix;

The study protocol was approved by the Ethical review
board of China-Japan Union Hospital of Jilin University
(20,220,506,022). Informed consent was obtained from
all individual participants by telephone. Written consent
was waived due to the retrospective study design and
minimal risk. The study was conducted in accordance
with the principles of the Declaration of Helsinki.

Data acquisition and patient follow-up

Detailed data on clinical characteristics were acquired
via the patients’ electronic medical records. The collected
outcome data were the presence or absence of an event
during each patient’s follow-up period, the event’s date,
and the situation regarding the administration of the anti-
coagulant during the event. Events included mortality,
systemic embolism, rehospitalization for cardiovascular
events, and bleeding. Events assessments by interviews
with treating physicians or patients at each hospital visit.
In addition, patients whose review events have not been
documented in the medical record were contacted indi-
vidually by telephone for a final ascertainment.

Anticoagulation regimen

Patients with LVT were treated with anticoagulants
(DOAC:s or warfarin) according to current guidelines and
patient preference after evaluation by treating physicians
[8, 9]. The DOACs dose selected based on creatinine
clearance, age, and body weight. For patients treated with
warfarin, we titrated the International Normalized Ratio
(INR) range to 2.0-3.0, and monitored monthly after the
target INR had been reached. In addition to checked for
drug interactions about those drugs listed in the 2018
EHRA recommendations [10] and package inserts, physi-
cian also assessed individually for bleeding risk, as appro-
priate, before anticoagulation therapy was initiated.

Study outcomes and definitions

LVT status was defined as described in the previous study
[11]. LVT resolution was defined as the disappearance of
a previously seen echo-dense mass in the left ventricle
upon repeat echocardiography at the last available fol-
low-up visit. LVT persistence was defined as an increased
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thrombus dimension, stable thrombus, or partial resolu-
tion of the thrombus, as demonstrated on echocardiogra-
phy at the last available follow-up visit.

During the observation period, we collected the fol-
lowing clinical outcomes: Major adverse cardiovascular
event (MACE) was defined as a composite of all-cause
mortality, rehospitalization for cardiovascular reasons,
or systemic embolism. Systemic embolism was defined
as a composite of ischemic stroke, transient ischemic
attack, myocardial infarction, or acute peripheral arterial
embolism. Major bleeding, clinically relevant non-major
bleeding, and minor bleeding were defined according to
the International Society on Thrombosis and Haemosta-
sis (ISTH) criteria [12, 13]. More detailed procedures and
definitions of endpoint events are available in the Supple-
mentary Appendix.

Statistical analyses

Continuous data were expressed as the mean+SD or
median (Q1, Q3) based on data distribution and were
analyzed using the Student’s t test or Mann—Whitney U
test. Categorical data are expressed as frequency, counts,
and percentages and were analyzed using the Pearson
chi-squared test or Fisher’s exact test, as appropriate.
To reduce the effect of study setting and confounding
variables on the study results, the following procedure
was conducted: (1) clinical variables associated with the
prognosis of LVT were carefully selected based on pre-
vious studies; (2) patients who had not yet documented
a review event in the medical record were contacted
individually by telephone to finalize the accuracy; (3)
data collection was standardized with precise definitions
for each clinical covariate and measure; (4) all endpoint
events were reviewed by a clinical academic group inde-
pendent of this study based on prespecified event defini-
tion criteria; and (5) statistical analyses were predefined
including the handling of confounding variables, sensitiv-
ity analysis and exploratory analysis to assess the stabil-
ity of the study results. Regarding adverse events, only
death was considered for analysis as a confounding vari-
able. Due to the specificity of the death endpoint, other
outcomes were not observed once death occurred, which
would generate competing risks affecting the observation
of other nonfatal endpoints. Since other common adverse
events did not affect the observation of other clinical
endpoints, they were not considered as confounding
variables in this study. The multivariate Cox proportional
hazard model was adopted to calculate the hazard ratio
(HR) and the corresponding 95% confidence interval (CI)
and p value for the prevalence of a clinical event between
the two groups. The multivariate model included vari-
ables considered a priori outcome confounders of LVT.
Clinical covariates included in the multivariate Cox pro-
portional hazard regression model for each outcome
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were shown in Table S11 in Supplementary Appendix.
Kaplan—Meier curves were plotted to illustrate the cumu-
lative incidence between the two groups over time, and
survival was compared using the log-rank test. Moreover,
considering the high risk of death in elderly populations,
the Fine-Gray model was used for sensitivity analysis to
evaluate the stability of non-mortality findings. Finally,
exploratory analyses were undertaken using the Cox
proportional hazard test for interactions between differ-
ent subgroups. Statistical analyses were undertaken with
SPSS 24.0 (IBM, Armonk, NY, USA) and R 4.1.1 (R Foun-
dation for Statistical Computing, Vienna, Austria), with
significance defined as P <0.05.

Results

Patient characteristics

A total of 315 patients with LVT (mean age 60.8+13.7
years) were enrolled in the study, and stratified accord-
ing to age, 144 in the elderly LVT group and 171 in
the younger LVT group (Fig. 1). The characteristics of
patients according to age category at baseline are summa-
rized in Table 1. Among these LVT patients, the major-
ity (82.9%) presented with coronary artery disease (261
patients) (Table S1 in Supplementary Appendix). In the
elderly group, these patients tended to have a lower pro-
portion of males and lower serum creatinine clearance,
a higher level of NT-proBNP, and a history of systemic
embolism. No significant differences were found in the
prevalence of hypertension, diabetes mellitus, LV aneu-
rysm, LV ejection fraction, or thrombus size among the
two age groups (Table 1). Of the 144 elderly patients with
confirmed LV thrombus, 65 patients (45.1%) received
warfarin, and 79 patients (54.9%) received DOACs ther-
apy. A more detailed review of the study population,
including the type of underlying disease and the type and
dose of anticoagulant medications are shown in Table S1
- Table S4 in the Supplementary Appendix. Additional
data on follow up, including duration of anticoagulation
therapy and last TTE follow-up time, are included in
Table S5 - Table S6 in the Supplement.

LVT resolution

During follow-up (median: 19.0 months; IQR: 10.0-32.0
months), the overall rate of LVT resolution was 64.8%,
with 87 patients (59.7%) in the elderly LVT group and
117 patients (69.0%) in the younger LVT group. There
was no statistical difference in LVT resolution between
the younger LVT group and elderly LVT group (adjusted
HR: 0.97; 95%CI, 0.74-1.28; P=0.836) (Table 2). After
adjustment for mortality in the Fine—Gray model, similar
results were observed, with no statistically significant dif-
ference in LVT resolution between the two groups (Gray’s
test, P=0.181) (Table S7 in Supplementary Appendix).
Moreover, it has to be noted that LVT resolution was
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Left ventricular thrombus on echocardiography report

n = 366 patients

v

v

Excluded by a concomitant imaging (n = 6)
- by serial cardiac magnetic resonance (n = 4)
- by left ventriculography (n = 2)

Excluded by other reasons (n = 45)

- died during index hospitalization (n = 14)

- patients who not receiving anticoagulant therapy (n = 16)
- Lost to follow-up (n =15)

Confirmed left ventricular thrombus

n = 315 patients

aged > 65 years old

Elderly LVT group
n = 144 patients

Fig. 1 Flowchart of this study
LVT: left ventricular thrombus

no statistically significant difference between patients
treated with DOACs and those treated with warfarin
(62.0% vs. 58.4%; HR: 1.19; 95%CI: 0.78-1.83; P=0.425)
in the elderly LVT group in our study (Table S10 in Sup-
plementary Appendix).

Major adverse cardiovascular events

MACE occurred in 61.1% (n=88) of patients in the
elderly group and 40% (n=68) of patients in the younger
group. All-cause mortality occurred in 34.7% (n=23)
of patients in the elderly group and 13.5% (n=50) in
the younger group. On multivariable Cox proportional
hazards regression analysis, the incidence of MACE
(adjusted HR: 1.52; 95% CI, 1.10-2.11; P=0.012; log-
rank test, P<0.001) and all-cause mortality (adjusted HR:
2.20; 95% CI, 1.29-3.74; P=0.004; log-rank test, P<0.001)
were higher in elderly LVT group than the younger LVT
group (Table 2; Fig. 2A, D). Furthermore, MACE (62.1%
vs. 60.0%; HR: 1.10; 95% CI: 0.72-1.67; P=0.664) and
all-cause mortality (34.2% vs. 35.4%; HR: 0.99; 95% CI,
0.57-1.75; P=0.998) were no statistically significant dif-
ference between patients treated with DOACs and those
treated with warfarin in the elderly LVT group (Table S10
in Supplementary Appendix). There were 29.9% rehospi-
talization for cardiovascular events in the elderly group
and 24.0% in the younger group (adjusted HR: 1.37; 95%

aged < 65 years old

Younger LVT group
n =171 patients

CI: 0.89-2.13; P=0.156; log-rank test, P=0.068) (Table 2;
Fig. 2C, Table S8 in Supplementary Appendix).

In terms of systemic embolism and bleeding events,
the elderly group had a relatively higher prevalence of
systemic embolism compared with the younger group
(13.2% vs. 4.7%). The results were similar in the multivar-
iate cox proportional hazard model, Fine—Gray model,
and log-rank test (adjusted HR: 2.81; 95% CI: 1.20-6.59;
P=0.017; Gray’s test, P=0.017; log-rank test, P=0.004)
(Table 2; Fig. 2B, Table S9 in Supplementary Appendix).
In addition, a similar risk of bleeding events defined by
ISTH criteria was observed between the elderly LVT
group and younger LVT group (9.7% vs. 5.3%; adjusted
HR: 2.13; 95% CI: 0.68-5.50; P=0.086) (Table 2). Mean-
while, a similar prevalence of systemic embolism (12.6%
vs. 13.8%; HR: 0.72; 95% CI: 0.86 (0.35-2.12); P=0.744)
and bleeding events were observed among patients
treated with DOACs and warfarin (10.1% vs. 9.2%; HR,
0.97; 95% CI, 0.33-2.88; P=0.953) (Table S10 in Supple-
mentary Appendix).

Exploratory analyses

In addition, we stratified subgroups according to sex,
antiplatelet therapy, type of anticoagulation therapy, and
LV ejection fraction for exploratory analysis. The results
were consistent for most subgroups, with no significant
interactions (Figure S1-S5 in Supplementary Appendix).



Zhang et al. Thrombosis Journal Page 5 of 9
Table 1 Clinical characteristics according to age group

Characteristics Elderly LVT group Younger LVT group P
baseline (n=144) (n=171) value®
Age, years 71(67,76) 54 (47,59) 0.001
Male, n (%) 102 (70.8) 142 (83.0) 0.010
Body mass index, kg/m? 23.7 (20.8,26.2) 245(22.5,27.1) 0.034
Current smoker, n (%) 49 (34.0) 86 (50.3) 0.004
Hypertension, n (%) 61(42.4) 66 (38.6) 0.497
Diabetes mellitus, n (%) 44 (30.6) 44 (25.7) 0.342
Atrial fibrillation, n (%) 13 (9.0) 9 (5.3) 0.192
Prior SSE, n (%) 50 (35.0) 31(18.7) 0.001
Antiplatelet therapy 112(77.8) 128 (74.9) 0.544
Creatinine clearance, mL/min/1.73 m? 68.3 (50.7, 85.5) 74.7 (58.5,96.3) 0.011
Triglycerides, mmol/L 1.3(1.0-1.7) 1.3(1.0-1.8) 0428
Cholesterol, mmol/L 4.2(3.7-4.9) 44(3.7-5.0) 0.212
NT-proBNP, pg/mL 5210(2217.5,10,775) 3900 (1210, 7624) 0.004
WBC, x10%/L 7.7 (64,99) 8.1(65,10.9) 0.257
Lymphocytesx10%/L 16(1.2,24) 1.7(13225) 0.735
MPV 10.0(9.2,10.8) 9.9(9.3,10.9) 0917
Hemoglobin, g/L 139(125.0,152.8) 146 (132.0, 157.0) 0.983
D-dimer, mg/L 1.9(0.7,3.0) 1.9(0.9,3.0) 0429
Fibrinogen, mg/dL 39(3.1,4.0) 34(29,40) 0.125
LV ejection fraction, % 383 (29.5,46.9) 38.0(28.0,48.0) 0.871
LVEDD, mm 51.7 (47.2,58.6) 55.6 (48.5,61.5) 0.078
LV aneurysm, n (%) 33(229) 34(19.9) 0512
Area of mitral regurgitation, cm? 35(1.7,5.6) 3.5(2.0,59) 0.977
Thrombus size, mm? 265 (140.3,421.3) 313.0(159.0, 485.0) 0.144
Medication

Beta blockers, n (%) 116 (80.6%) 139 (81.3%) 0.869
ACEL n (%) 96(66.7%) 105 (61.4%) 0333
MRA, n (%) 75(52.1%) 81 (47.4%) 0.404
Duration of follow-up 23(10,35) 17(10,32) -

2elderly LVT group vs. younger LVT group

SSE: stroke or systemic embolism; WBC: white blood cell; LV: left ventricular; LVEDD: left ventricular end-diastolic dimension; MPV: mean platelet volume; ACEI:
angiotensin converting enzyme inhibitor; MRA: mineralcorticoid recept antagonist;

Table 2 Outcomes of Cox proportional hazards regression analysis in LVT patients

Events, no. (%)

Elderly LVT Younger LVT Adjusted P value®
group group HR (95% CI)
Outcomes (n=144) (n=171)
LVT resolution 87 (59.7) 117 (69.0) 0.97 (0.74-1.28) 0.836
Major adverse cardiovascular events 88 (61.1) 68 (40.0) 152 (1.10-2.11) 0.012
All-cause mortality 50(34.7) 23(13.5) 2.20(1.29-3.74) 0.004
Systemic embolism 19(13.2) 8(4.7) 2.81(1.20-6.59) 0.017
Rehospitalization for cardiovascular events 43 (29.9) 41 (24.0) 1.37(0.89-2.13) 0.156
Bleeding events 14(9.7) 9(5.3) 3 (0.68-5.50) 0.086
Major bleeding 4(2.8) 3(1.8) — —
CRNM bleeding 3(2.1) 1(0.6) — —
Minor bleeding 7 (4.8) 5(3.0) — —

elderly LVT group vs. younger LVT group

LVT: left ventricular thrombus; CRNM: clinically relevant non-major
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A Major adverse cardiovascular events
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Fig. 2 Kaplan—Meier curves for outcomes between two groups during a mean follow-up of 13 months. (A) Major adverse cardiovascular events, (B)
Embolic complications, (C) Rehospitalization for cardiovascular events. (D) All-cause mortality

Discussion

This study provides a relatively well-characterized con-
temporary cohort involving 144 elderly patients with
LVT. We did not observe a statistically significant differ-
ence between elderly and younger LVT patients in terms
of thrombus resolution. Yet, elderly patients with LVT
had a higher risk of MACE, systemic embolism, and all-
cause mortality compared with younger LVT patients.
In addition, clinical outcomes in elderly patients did not
significantly differ with the type of anticoagulant used
(DOAC:s vs. warfarin). To the best of our knowledge, this
is the first real-world study that investigated the progno-
sis of elderly patients with LVT.

In the present study, we observed that more than one-
third of elderly patients did not achieve LVT resolution,
which was similar to what has been reported in all LVT
populations. A study from Europe examined 156 patients
with all diseases complicated with LVT, the median fol-
low-up time was 632 days, and the thrombus resolution
rate was 66.7% [11]. Another study from China reported

a thrombus resolution rate of 64.1% among 237 patients
with all diseases complicated with LVT who were fol-
lowed up for a median of 736 days [14]. In addition, we
further observed no significant difference in the inci-
dence of thrombus resolution in elderly patients treated
with DOACs versus those treated with warfarin. These
observations are consistent with some findings in other
clinical settings [7, 15, 16]. However, some studies have
shown that LVT resolution was independently associ-
ated with favorable long-term outcomes, such as reduced
MACE and mortality [11, 17]. These results empha-
size that treatment strategies for LVT should be further
advanced to improve LVT resolution. Given that there
are no specific guidelines for anticoagulation therapy
in elderly LVT patients, randomized controlled trials
(RCTs) are needed to focus on the specific effect of dif-
ferent anticoagulants on LVT resolution in the elderly
populations.

With respect to clinical outcomes, we observed higher
risk of MACE, systemic embolism, and all-cause mortal-
ity in elderly patients with LVT than in younger patients
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with LVT. Considering the high risk of death in older
adults, the results remained consistent after excluding
the risk of mortality by competitive risk analysis. Lattuca
and colleagues showed that mortality and embolic com-
plications occurred in 18.9% (n=30) and 22.2% (n=35) of
all disease patients complicated with LVT [11]. Another
study from East China showed that the mortality and the
embolic complication rates were 28.3% and 13%, respec-
tively [14]. In our study, 34.7% of patients died, and 13.2%
had embolic complications in the elderly group, which
was higher compared to the similar study mentioned
above. This highlights that even in the contemporary
era of primary PCI and the generalized use of dual anti-
platelet therapy (DAPT), the prognosis of LVT in the
elderly can still be devastating. The main reason for the
increased risk of death in our study may be the increased
risk of embolic complications, especially stroke and acute
myocardial infarction turn out to be a direct cause of
death in those patients. Improved regimens to acceler-
ate LVT resolution should be considered to ameliorate
such a poor prognosis, a factor associated with a reduced
prevalence of death in a study [11]. Ageing also entails
various challenges for antithrombotic therapy. The risk of
bleeding increases with age and may be exacerbated by
anticoagulants, as demonstrated in several RCTs [5, 18].
In our study, elderly patients seemed to have a higher
tendency to bleed (9.7% vs. 5.3%), but there was no sig-
nificant difference. Given the cohort size and the num-
ber of bleeding events, it is possible that our analysis was
underpowered to enable the formation of solid conclu-
sions about bleeding events. Therefore, our results on
bleeding events should be interpreted with caution.
Ascertaining optimal medical therapy to reduce the
complications of LVT in this highly vulnerable patient
population is challenging. Several landmark RCTs evalu-
ating DOACs compared with warfarin for LVT manage-
ment in elderly patients with AF reported efficacy for
preventing systemic embolism and accompanied by a
lower risk of intracranial hemorrhage (major bleeding)
[18-20]. In the ENGAGE AF-TIMI 48 trial and ARISTO-
TLE trial [19, 20], DOAC:s provided superior net clinical
outcomes, and the prevalence of major bleeding was con-
sistently lower with DOACs than with warfarin in elderly
patients. Given these clinical benefits of DOACs, some
guidelines consider DOACs a promising alternative to
vitamin-K antagonists in LVT [21, 22], and they are being
used increasingly as an off-label alternative. However, the
treatment evidence using DOACs for LVT management
is limited and controversial [23-26]. Only two RCTs
have investigated DOACs vs. warfarin in patients with
LVT. Both studies demonstrated that DOACs were not
inferior to warfarin and that thrombosis resolved more
rapidly [27, 28]. Given the small cohort size of those two
studies and unblinded design, their results should be
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considered inconclusive. Furthermore, the largest avail-
able cohort study of LVT (n=514) showed a higher risk
of stroke and systemic embolism with DOACs [29]. How-
ever, due to its retrospective design, the absence of prog-
nostic data beyond embolic events (bleeding, mortality,
and LVT resolution), and the different types of DOACs,
these results should also be interpreted with caution.
Overall, the use of DOACs in LVT patients should con-
tinue to be investigated, and more data are needed to
support decision-making. DOAC dosing recommenda-
tions for the treatment of LVT can be complex, and there
are no clear guideline recommendations. Previous stud-
ies have shown that underdosing of DOACs can increase
the risk of stroke, while inappropriate overdosing can
increase the risk of bleeding [30-32]. Additionally, drug-
drug interactions are numerous and may lead to dose
variation. While this is not something we can determine
from our data, it should be explored in future studies.
We found that in elderly patients with LVT, clinical out-
comes in elderly patients did not significantly differ with
the type of anticoagulant used. These real-world data
provide further insights into LVT management in elderly
patients. Nevertheless, our findings should also be inter-
preted with caution due to the small sample size and ret-
rospective design.

There are several limitations in this study. First, this was
a retrospective observational study from a large tertiary
referral center. This retrospective observational design
means that despite efforts to adjust for confounding vari-
ables, there may still be residual confounders that we
have been unable to correct in this study. Selection bias,
including antithrombotic treatment strategies, may also
limit the ability to make comparisons based on treatment
outcomes. Second, LVT was identified by routine echo-
cardiography. Although the study used the standardized
expert assessment for echocardiograms, the sensitivity
and specificity for detection may be lower compared to
other imaging modalities such as CMR. Third, this study
has a relatively small sample size. Although this is the
largest contemporary series evaluating elderly patients
with LVT, our results should be considered exploratory
rather than conclusive. Finally, the prevalence of bleeding
events in our study was so low that we could not iden-
tify a significant difference between the two groups. The
low prevalence of major bleeding events in retrospective
studies does not reflect their true prevalence in clinical
practice, which may be related to patient selection, the
intensity of monitoring, follow-up, or other factors.

Conclusions

Our results found that elderly patients experiencing LVT
have a poor prognosis compared with the younger ones.
Clinical outcomes in elderly patients did not significantly
differ with the type of anticoagulant used. With aging
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societies worldwide, further evidence of antithrombotic

therapy in elderly individuals with LVT is necessary.

Abbreviations

VT left ventricular thrombus

MACE  Major adverse cardiovascular event
TTE transthoracic echocardiography
INR International Normalized Ratio

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512959-023-00520-4.

[ Supplementary Material 1

Acknowledgements
Not applicable.

Authors’ contributions

QZ drafted the article and contributed to the concept and design of the
study. ZZ analyzed and interpreted the data. HZ, CW, MY contributed to
data collection. DS and WZ designed and made critical revisions. All authors
approved the final version to be published.

Funding

This research was funded by Scientific and Technological Developing Scheme

of Ji Lin Province (20210204199YY).

Data Availability

The raw data supporting the conclusions of this article will be made available

by the authors, without undue reservation.

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. The study protocol was approved
(20220506022) by the Ethical review board of China-Japan Union Hospital
of Jilin University (Changchun, China). Written consent was waived for a
retrospective cohort study design and minimal risk categorization.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Cardiology, China-Japan Union Hospital of Jilin University,
Jilin Provincial Molecular Biology Research Center for Precision Medicine
of Major Cardiovascular Disease, Xiantai Street NO. 126,

130000 Changchun, Jilin, China

’Department of Neurology, China-Japan Union Hospital of Jilin University,
Changchun, Changchun, Jilin, China

Received: 24 April 2023 / Accepted: 1 July 2023
Published online: 10 July 2023

References
1. Chen PR Tang L, YiJL, Pei JY, Hu XQ. The prognostic effect of left ventricular

thrombus formation after acute myocardial infarction in the contemporary

era of primary percutaneous coronary intervention: a meta-analysis. Eur J
Intern Med. 2020;73:43-50.

19.

Page 8 of 9

Velangi PS, Choo C, Chen KA, Kazmirczak F, Nijjar PS, Farzaneh-Far A, Okasha
O, Akcakaya M, Weinsaft JW, Shenoy C. Long-term embolic outcomes after
detection of left ventricular Thrombus by late Gadolinium Enhancement
Cardiovascular magnetic resonance imaging: a matched cohort study. Circ
Cardiovasc Imaging. 2019;12(11):e009723.

Panel BtAGSBCUE. American Geriatrics Society Beers Criteria® Update Expert
Panel.American Geriatrics Society 2019 updated AGS Beers Criteria® for
potentially inappropriate medication use in older adults. J Am Geriatr Soc.
2019;2019:674-94.

Friberg LRM, Lip GY. Evaluation of risk stratification schemes for ischaemic
stroke and bleeding in 182 678 patients with atrial fibrillation: the swedish
atrial fibrillation cohort study. Eur Heart J 2012 Jun(33(12)):1500-10.

Halperin JL, Hankey GJ, Wojdyla DM, Piccini JP, Lokhnygina Y, Patel MR,
Breithardt G, Singer DE, Becker RC, Hacke W, et al. Efficacy and safety of riva-
roxaban compared with warfarin among elderly patients with nonvalvular
atrial fibrillation in the Rivaroxaban once Daily, oral, direct factor Xa Inhibition
compared with vitamin K antagonism for Prevention of Stroke and Embolism
Trial in Atrial Fibrillation (ROCKET AF). Circulation. 2014;130(2):138-46.

DaliaT, Lahan S, Ranka S, Goyal A, Zoubek S, Gupta K, Shah Z. Warfarin versus
direct oral anticoagulants for treating left ventricular thrombus: a systematic
review and meta-analysis. Thromb J. 2021;19(1):7.

Maniwa NFM, Nakai M et al. Anticoagulation combined with antiplatelet
therapy in patients with left ventricular thrombus after first acute myocardial
infarction. Eur Heart J 2017.

Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H,
Caforio ALP, Crea F, Goudevenos JA, Halvorsen S, et al. 2017 ESC Guidelines
for the management of acute myocardial infarction in patients presenting
with ST-segment elevation. Eur Heart J. 2018;39(2):119-77.

Ezekowitz JA, O'Meara E, McDonald MA, Abrams H, Chan M, Ducharme A,
Giannetti N, Grzeslo A, Hamilton PG, Heckman GA, et al. 2017 Comprehensive
Update of the canadian Cardiovascular Society Guidelines for the manage-
ment of heart failure. Can J Cardiol. 2017;33(11):1342-433.

Steffel J, Verhamme P, Potpara TS, Albaladejo P, Antz M, Desteghe L, Haeusler
KG, Oldgren J, Reinecke H, Roldan-Schilling V, et al. The 2018 European

Heart Rhythm Association practical guide on the use of non-vitamin K
antagonist oral anticoagulants in patients with atrial fibrillation. Eur Heart J.
2018;39(16):1330-93.

Lattuca B, Bouziri N, Kerneis M, Portal JJ, Zhou J, Hauguel-Moreau M,

Mameri A, Zeitouni M, Guedeney P, Hammoudi N, et al. Antithrombotic
therapy for patients with left ventricular mural Thrombus. J Am Coll Cardiol.
2020;75(14):1676-85.

Kaatz S, Ahmad D, Spyropoulos AC, Schulman S. Subcommittee on Control of
a: definition of clinically relevant non-major bleeding in studies of anticoagu-
lants in atrial fibrillation and venous thromboembolic disease in non-surgical
patients: communication from the SSC of the ISTH. J Thromb Haemost.
2015;13(11):2119-26.

Schulman S, KCSoCoAotSaSCotISoTaH. Definition of major bleeding in clinical
investigations of antihemostatic medicinal products in non-surgical patients.
JThromb Haemost 2005 Apr, 3(4):692-4.

Li C, LauW, Qian N, Song L, Jin C, Zhou D, Yu Y, Pan X, Zhou Q. Clinical char-
acteristics and prognosis of patients with left ventricular thrombus in East
China. Front Cardiovasc Med. 2022;9:944687.

Guddeti RR, Anwar M, Walters RW, Apala D, Pajjuru V, Kousa O, Gujjula NR, Alla
VM. Treatment of left ventricular Thrombus with direct oral anticoagulants: a
retrospective observational study. Am J Med 2020.

McCarthy CP, Murphy S, Venkateswaran RV, Singh A, Chang LL, Joice MG,
Rivero JM, Vaduganathan M, Januzzi JL Jr, Bhatt DL. Left ventricular Thrombus:
contemporary etiologies, treatment strategies, and outcomes. J Am Coll
Cardiol. 2019;73(15):2007-9.

Hofer F, Kazem N, Schweitzer R, Horvat P, Winter MP, Koller L, Hengstenberg C,
Sulzgruber P, Niessner A. The prognostic impact of left ventricular thrombus
resolution after acute coronary syndrome and risk modulation via antithrom-
botic treatment strategies. Clin Cardiol. 2021;44(12):1692-9.

Patti GLM, Pecen L, Siller-Matula JM, Cavallari |, Kirchhof P De Caterina R.
Thromboembolic risk, bleeding outcomes and effect of different antithrom-
botic strategies in very Elderly patients with Atrial Fibrillation: a Sub-Analysis
from the PREFER in AF (PREvention oF thromboembolic events-european
Registry in Atrial Fibrillation). J Am Heart Assoc 2017 Jul 23(6(7)).

Halvorsen S, Atar D, Yang H, De Caterina R, Erol C, Garcia D, Granger CB,
Hanna M, Held C, Husted S, et al. Efficacy and safety of apixaban compared
with warfarin according to age for stroke prevention in atrial fibrillation:
observations from the ARISTOTLE trial. Eur Heart J. 2014;35(28):1864-72.


https://doi.org/10.1186/s12959-023-00520-4
https://doi.org/10.1186/s12959-023-00520-4

Zhang et al. Thrombosis Journal

20.

22.

23.

24.

25.

26.

27.

(2023) 21:75

Kato ET, Giugliano RP, Ruff CT, Koretsune Y, Yamashita T, Kiss RG, Nordio F,
Murphy SA, Kimura T, Jin J et al. Efficacy and safety of Edoxaban in Elderly
patients with Atrial Fibrillation in the ENGAGE AF-TIMI 48 Trial. J Am Heart
Assoc 2016, 5(5).

Kernan WN, Ovbiagele B, Black HR, Bravata DM, Chimowitz MI, Ezekowitz MD,
Fang MC, Fisher M, Furie KL, Heck DV, et al. Guidelines for the prevention of
stroke in patients with stroke and transient ischemic attack: a guideline for
healthcare professionals from the American Heart Association/American
Stroke Association. Stroke. 2014;45(7):2160-236.

Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, Kaul S,
Wiviott SD, Menon V, Nikolsky E, et al. Standardized bleeding definitions for
cardiovascular clinical trials: a consensus report from the bleeding Academic
Research Consortium. Circulation. 2011;123(23):2736-47.

Camaj AFV, Giustino G, Bienstock SW, Sternheim D, Mehran R, Dangas GD, Kini
A, Sharma SK, Halperin J, Dweck MR, Goldman ME. Left ventricular Thrombus
following Acute myocardial infarction: JACC state-of-the-art review. J Am Coll
Cardiol 2022 Mar 15:1010-22.

Di Odoardo LAF, Stefanini GG, Vicenzi M. Uncertainties about left ventricular
thrombus after STEMI. Nat Rev Cardiol. 2021;18(6):381-2.

Levine GNMJ, Fang JC, Ibeh C, McCarthy CP, Misra A, Shah ZI, Shenoy C,
Spinler SA, Vallurupalli S, Lip GYH, American Heart Association Council on
Clinical Cardiology; Council on Cardiovascular and Stroke Nursing; and Stroke
Council. Management of patients at risk for and with left ventricular Throm-
bus: a Scientific Statement from the American Heart Association. Circulation.
2022 Oct;11(15):2205-23.

Merlo AC, Benenati S, Masoero G, Zingarelli A, Ameri P, Porto I. Direct oral
anticoagulants versus vitamin-K antagonists in patients with left ventricu-

lar thrombus: a systematic review and meta-analysis. Vascul Pharmacol.
2022;144:106996.

Alcalai R, Butnaru A, Moravsky G, Yagel O, Rashad R, Ibrahimli M, Planer D,
Amir O, Elbaz-Greener G, Leibowitz D. Apixaban vs. warfarin in patients with

28.

29.

30.

31.

32

Page 9 of 9

left ventricular thrombus: a prospective multicentre randomized clinical
trialdouble dagger. Eur Heart J Cardiovasc Pharmacother. 2022,8(7):660-7.
Abdelnabi M, Saleh Y, Fareed A, Nossikof A, Wang L, Morsi M, Eshak N,
Abdelkarim O, Badran H, Almaghraby A. Comparative study of oral anti-
coagulation in Left Ventricular Thrombi (No-LVT trial). J Am Coll Cardiol.
2021;77(12):1590-2.

Robinson AATC, Eubanks G, Schumann C, Thompson P, Wallace RL, Gotti-
parthi S, Ruth B, Kramer CM, Salerno M, Bilchick KC, Deen C, Kontos MC, Dent
J. Off-label use of direct oral anticoagulants compared with Warfarin for Left
Ventricular Thrombi. JAMA Cardiol. 2020;Jun1(6):685-92.

Murata N, Okumura Y, Yokoyama K, Matsumoto N, Tachibana E, Kuronuma

K, Oiwa K, Matsumoto M, Kojima T, Hanada S, et al. Clinical outcomes of
off-label dosing of direct oral anticoagulant therapy among japanese
patients with Atrial Fibrillation identified from the SAKURA AF Regjistry. Circ J.
2019;83(4):727-35.

Steinberg BA, Shrader P, Pieper K, Thomas L, Allen LA, Ansell J, Chan PS,
Ezekowitz MD, Fonarow GC, Freeman JV et al. Frequency and outcomes of
reduced dose non-vitamin K antagonist anticoagulants: results from ORBIT-
AF Il (the Outcomes Registry for Better Informed Treatment of Atrial Fibrilla-
tion Il). J Am Heart Assoc 2018, 7(4).

Yao X, Shah ND, Sangaralingham LR, Gersh BJ, Noseworthy PA. Non-vitamin
K antagonist oral anticoagulant dosing in patients with Atrial Fibrillation and
Renal Dysfunction. J Am Coll Cardiol. 2017;69(23):2779-90.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Clinical profile and prognosis of elderly patients with left ventricular thrombus after anticoagulation
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Research design and population
	﻿Data acquisition and patient follow-up
	﻿Anticoagulation regimen
	﻿Study outcomes and definitions
	﻿Statistical analyses

	﻿Results
	﻿Patient characteristics
	﻿LVT resolution
	﻿Major adverse cardiovascular events
	﻿Exploratory analyses

	﻿Discussion
	﻿Conclusions
	﻿References


