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Highlights of the Study

•	 We evaluated the incidence and risk factors of left ventricular thrombus after primary percutaneous 
coronary intervention in patients with acute ST-segment elevation myocardial infarction.

•	 Our results facilitate close monitoring and early prevention of patients with these risk factors in clini-
cal practice.
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Abstract
Objective: Left ventricular thrombosis (LVT) is a common 
complication of acute ST-segment elevation myocardial in-
farction (STEMI). This study attempted to synthesize the 
available evidence to understand the incidence and risk fac-
tors of LVT in acute STEMI patients undergoing primary per-
cutaneous coronary intervention (PCI). Methods: We 
searched PubMed, Embase, Cochrane Library, and Web of 
Science for studies published from January 2001 to January 
2022. The random-effects and fixed-effects model meta-
analysis estimated pooled incidence, mean difference (MD), 
odds ratio (OR), and 95% confidence interval (CI). The Review 

Manager 5.4 software was used for meta-analysis perfor-
mance. Results: The results of meta-analysis showed that 
the incidence of LVT in acute STEMI treated by primary PCI 
was 4% (95% CI [0.03, 0.05]), and the overall pooled inci-
dence in patients with anterior STEMI was 10.0% (95% CI 
[0.07, 0.12]). Anterior STEMI (OR = 11.93, 95% CI [6.25, 22.78], 
p = 0.0003), left anterior descending-related infarct (OR = 
6.85, 95% CI [3.70, 12.66], p < 0.00001), left ventricular wall 
motion abnormalities (OR = 7.53, 95% CI [3.18, 17.82], p < 
0.00001), and lower post-PCI LVEF (MD = 13.78, 95% CI 
[12.15, 15.41], p < 0.00001) were risk factors for post-PCI LVT. 
Conclusion: The incidence of LVT after acute STEMI in the PCI 
era remains high. This study provides a preliminary overview 
of STEMI patients at risk for post-PCI LVT and will help the 
design of prospective randomized controlled trials for the 
management and prevention of LVT.
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Introduction

Acute ST-segment elevation myocardial infarction 
(STEMI) is a disease with high morbidity and mortality, 
which seriously threatens human life and health. The 
incidence of STEMI continues to rise [1]. Although pri-
mary percutaneous coronary intervention (PCI) and 
dual antiplatelet therapy (DAPT) have improved sur-
vival in STEMI patients over the past 20 years, postin-
farction complications remain an important cause of 
high mortality and disability [2]. The formation of left 
ventricular thrombosis (LVT) is one of the common 
complications of STEMI, which can embolize and lead 
to sudden death. Meanwhile, it increases the total length 
of hospital stay and the use of medical resources, result-
ing in excessive medical burden [3]. Cardiac magnetic 
resonance imaging (CMR) is the gold standard for the 
diagnosis of LVT, but its high cost and insufficient pop-
ularity make transthoracic echocardiography (TTE) the 
preferred screening method. Previous studies have 
showed that TTE has a sensitivity of 29% (95% confi-
dence interval [CI]: 17–45%) and specificity of 98% 
(95% CI: 96–99%) compared to CMR, resulting in a 5% 
incidence of LVT after STEMI treated with PCI screened 
by TTE and a 12% incidence of CMR screening [4]. Al-
though this implies that the incidence of LVT after STE-
MI is underestimated, it still indicates that with the im-
provement of reperfusion techniques and the standard-
ization of drug therapy, the incidence of LVT after 
STEMI in the PCI era is lower than that in the thrombo-
lytic era. However, a recent meta-analysis showed that 
LVT is associated with increased risk of embolic events 
and long-term mortality (hazard ratio [HR] = 3.97, 95% 
CI [2.68, 5.89], p < 0.00001; HR = 2.34, 95% CI [1.38, 
3.69], p = 0.002), which warns us not to relax our vigi-
lance [5]. Although studies on risk factors for LVT in 
STEMI patients are numerous, the results are diverse 
and require further evaluation [6]. At present, there is 
insufficient clinical evidence for its early prevention, 
which makes it imperative to develop effective preven-
tion strategies for LVT [7]. Therefore, we conducted a 
meta-analysis to evaluate the incidence and risk factors 
of LVT in post-PCI STEMI patients, with the aim of pro-
viding a reference for higher quality research on early 
prevention and treatment of LVT.

Methods

Search Strategy
We conducted a comprehensive search of literature in four da-

tabases: PubMed, Embase, Cochrane Library, and Web of Science, 
which was searched from January 1, 2001, to January 31, 2022. A 
combination of title/keyword/abstract and Medical Subject Head-
ings was used, and the following keywords were used: “myocar-
dial infarction” and “left ventricular thrombus.” We studied the 
references to identify supplementary research.

Eligibility Criteria
All included studies were cohort or case-control studies, which 

had to meet the following criteria to be eligible: (1) all patients 
were adults who met the STEMI diagnostic criteria and received 
only PCI revascularization combined with standard DAPT and no 
anticoagulation therapy; (2) the outcome of interest was whether 
new LVT occurred after PCI during the follow-up period, report-
ing the incidence and examining risk factors of LVT; (3) studies 
reported mean difference (MD), relative risk (RR), HR, odds ratio 
(OR), and 95% CI, which could also be calculated from data pro-
vided or obtained by data conversion. Studies containing the fol-
lowing items were excluded: (1) repeated reports, conference re-
ports, and review literature; (2) literature with incomplete infor-
mation and data that cannot be transformed; (3) the full literature 
could not be obtained; (4) the sample size was less than 50 cases; 
and (5) articles not written in English. We included only the most 
recent update if there were sequential updates and publications on 
the same study.

Quality Assessment and Data Extraction
Two researchers independently conducted a step-by-step 

screening based on inclusion and exclusion criteria. First, the 
title and abstract were read, and then the full text was read to 
determine whether the papers met the requirements. The Novus 
Ordo Seclorum scale was used to score the quality of the final 
included literature, and data were extracted from the literature 
of 6 stars or more. Differences were settled by consensus. If no 
consensus could be reached, disagreements were resolved by a 
third adjudicator. After the selected literature was identified, a 
predesigned data extraction table was used for data extraction, 
including first author, publication year, study type, sample size, 
the incidence of LVT, and risk factors. Risk factors included an-
terior STEMI, left anterior descending-related infarct, left ven-
tricular wall motion abnormalities, and lower post-PCI LVEF. 
After data extraction, two researchers checked and summarized 
relevant results.

Statistical Analysis
The Review Manager 5.4 software was used for meta-analysis. 

MD was used to describe continuous variables, OR value was used 
to describe binary variables, and the combined effect size was cal-
culated. The Q test and I2 value were used to measure heterogene-
ity between studies. The fixed-effect model was used if there was 
no significant heterogeneity among studies (p ≥ 0.1, I2 < 50%). The 
rest were analyzed by the random-effect model (p < 0.1, I2 ≥ 50%). 
For results with heterogeneity, subgroup and sensitivity analyses 
were further performed. For each outcome, p < 0.05 was consid-
ered statistically significant. The potential for publication bias was 
evaluated via funnel plots, Begg’s test, and Egger’s test.
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Results

Study Selection and Characteristics
Initially, 1,593 potential references were identified 

through the database search. After eliminating duplicate 
articles and screening titles and abstracts, 1,544 articles 
were excluded. The full text of the remaining 49 papers 
was carefully reviewed, of which 30 were excluded. Fi-
nally, 19 studies met the criteria and were included in the 
meta-analysis. A summary of the overall screening pro-
cess and results is shown in Figure 1.

Key characteristics and quality scores of the nineteen 
included studies are summarized in online supplementary 
Table 1 (see www.karger.com/doi/10.1159/000525943 for 
all online suppl. material). The studies were published be-
tween 2002 and 2021, including three cohort studies [8–
10] and sixteen case-control studies [11–26]. There were 
ten studies from Asian countries such as China, Japan, 
Turkey, and Saudi Arabia, five from European countries 
such as the UK and Denmark, three from North America, 
and one from Australia. The total number of STEMI pa-
tients enrolled in the study was 1,050,484, of whom 2,909 
developed LVT. The median age of the LVT (+) group and 

LVT (−) group was 54–64 and 54–63 years, and the male 
proportion was 69%∼92% and 65%∼89%, respectively. A 
total of eighteen studies [8–17, 19–26] reported the inci-
dence of post-STEMI LVT, of which eight [8, 10, 12, 16, 17, 
22, 23, 25] reported the incidence of LVT after anterior 
STEMI. Except for the two studies [14, 15] that included 
TTE and CMR in the diagnosis of LVT, all the other stud-
ies used TTE to screen LVT, and in three of them [14, 19, 
21], some patients used echocardiographic contrast. Stan-
dard DAPT antithrombotic therapy was performed after 
PCI except for six studies [12, 14, 15, 19, 20, 26] that did 
not specify post-PCI antithrombotic drugs. The risk fac-
tors for LVT reported in more than three articles were an-
terior STEMI, left anterior descending-related infarct, left 
ventricular wall motion abnormalities, and lower post-PCI 
LVEF. The first two were risk factors related to coronary 
angiography (CAG), and the last two were related to TTE. 
All nineteen included studies had the NOS quality scores 
≥7 according to the NOS quality assessment scale.

Incidence of LVT in STEMI Patients
The overall pooled incidence of LVT in patients with 

all STEMI was 4% (95% CI [0.03, 0.05]; I2 = 97.6%), and 

Studies identified in the literature search
(n = 1,593)

(Pubmed = 367; Embase = 735; Cochrane Library = 58; Web of Sci = 433)

Records remaining after duplicates removed
(n = 936)

Excluded (n = 30):
• Patients with thrombolysis (n = 9)
• Research Content does not match (n = 21) 

Titles and abstracts excluded (n = 887):
• Irrelevant records (n = 196)
• Commentary, review, conterence abstract (n = 621) 
• Sample size < 50 (n = 10)
• Unable to obtain the full texts (n = 10)
• Thrombolysis (n = 31)
• Articles excluded due to data not being available (n = 19)    

Full-text articles assessed for eligibility
(n = 49)

Studies included in quantitative synthesis
(n = 19)

Fig. 1. Flowchart showing selection of studies.
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the overall pooled incidence of LVT in patients with an-
terior STEMI was 10% (95% CI [0.07–0.12]; I2 = 91%). 
Considering the high statistical heterogeneity, we chose 

the random-effects model. Our subgroup analysis ac-
cording to the regions suggested that the incidence of 
LVT was 6% (95% CI [−0.05–0.17]; I2 = 97.2%) in Asia, 

Study
ID

All STEMI

Weight,
%

ES (95% CI)

F J Olsen 2020

L S Duus 2021

Y X Jiang 2015

A M Garber 2016

A Albaeni 2020

S Gianstefani 2014

T F. Mao 2018

S Khaled 2020

M ZIELINSKA 2008

L Ascione 2002

Overall (l-squared = 97.7%, p = 0.000)

NOTE: Weights are from random effects analysis

5.12

4.97

14.44

11.98

14.49

10.97

13.36

3.62

13.49

7.57

100.00

0.08 (0.06, 0.11)

0.09 (0.06, 0.11)

0.01 (0.01, 0.01)

0.04 (0.03, 0.05)

0.02 (0.02, 0.02)

0.04 (0.03, 0.05)

0.02 (0.01, 0.02)

0.12 (0.08, 0.15)

0.03 (0.02, 0.03)

0.08 (0.06, 0.10)

0.04 (0.03, 0.05)

–0.153 0 0.153

Study
ID

Anterior STEMI

Weight,
%

ES (95% CI)

T Anzai 2004

Y Shacham 2013

Z Acar 2014

S Tan 2021

B T Tak 2020

T Gökdeniz 2014

O F Cirakoglu 2020

Q Z 2019

Overall (l-squared =91.1%, p = 0.000)

NOTE: Weights are from random effects analysis

11.01

14.30

9.03

13.69

15.04

8.28

13.75

14.89

100.00

0.08 (0.04, 0.12)

0.04 (0.02, 0.06)

0.21 (0.16, 0.27)

0.07 (0.04, 0.09)

0.06 (0.05, 0.07)

0.20 (0.14, 0.26)

0.13 (0.10, 0.15)

0.07 (0.06, 0.08)

0.10 (0.07, 0.12)

–0.271 0 0.271

Fig. 2. Incidence of LVT in STEMI and anterior STEMI patients. STEMI, ST-segment elevation myocardial in-
fraction.
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6% (95% CI [0.04–0.09]; I2 = 93.3%) in Europe, and 3% 
(95% CI [−0.05–0.17]; I2 = 91.7%) in North America. Sen-
sitivity analysis found that the omission of any single 
study did not significantly change the pooled results, sug-

gesting that the results of our analysis were stable. The 
incidence of LVT calculated from the above studies was 
shown by a forest plot (Fig. 2).

Study or subgroup log[Odds Ratio] SE
Weight,
%

Odds ratio
IV, random, 95% CI

Odds ratio
IV, random, 95% CI

M ZIELINSKA 2008
S Gianstefani2014
Y X Jiang 2015

Total (95% CI)

Heterogeneity: τ2 = 0.00, χ2 = 1.49, df = 2 (p = 0.48); I2 = 0%
Test for overall effect: Z = 7.52 (p < 0.00001)

2.84
2.39
1.86

0.47
0.65
0.66

49.3
25.8
25.0

100.0

17.12 [6.81, 43.00]
10.91 [3.05, 39.02]
6.42 [1.76, 23.42]

11.93 [6.25, 22.78]

0.05 0.2 1 5 20
Favors
[LVT(–)]

Favors
[LVT(+)]

a

Study or subgroup log[Odds Ratio] SE
Weight,
%

Odds ratio
IV, fixed, 95% CI

Odds ratio
IV, fixed, 95% CI

A M Garber 2016
S Khaled 2020
S Tan 2021
T F Mao 2018

Total (95% CI)

Heterogeneity: τ2 = 0.69, χ2 = 1.49, df = 3 (p = 0.87); I2 = 0%
Test for overall effect: Z = 6.14 (p < 0.00001)

2.1
2.32
1.63
2.03

0.72
0.8

0.49
0.63

19.0
15.4
40.9
24.8

100.0

8.17 [1.99, 33.49]
10.18 [2.12, 48.81]
5.10 [1.95, 13.33]
7.61 [2.21, 26.17]

6.85 [3.70, 12.66]

0.02 0.1 1 10 50
Favors
[LVT(–)]

Favors
[LVT(+)]

b

Study or subgroup log[Odds Ratio] SE
Weight,
%

Odds ratio
IV, random, 95% CI

Odds ratio
IV, random, 95% CI

S Khaled 2020
S Tan 2021
Y X Jiang 2015

Total (95% CI)

Heterogeneity: τ2 = 0.0, χ2 = 0.04, df = 2 (p = 0.98); I2 = 0%
Test for overall effect: Z = 4.59 (p < 0.00001)

2.12
1.91
1.99

0.68
0.77
0.87

41.8
32.6
25.6

100.0

8.33 [2.20, 31.59]
6.75 [1.49, 30.54]
7.32 [1.33, 40.25]

7.53 [3.18, 17.82]

0.05 0.2 1 5 20
Favors
[LVT(–)]

Favors
[LVT(+)]

c

Study or subgroup
LVT(–) LVT(+)

MeanTotal TotalMean SD SD
Weight,
%

Mean difference
IV, fixed, 95% CI

Mean difference
IV, fixed, 95% CI

T F Mao 2018
Y X Jiang 2015
Z Acar 2014

Total (95% CI)

Heterogeneity: χ2 = 0.65, df = 2 (p = 0.72); I2 = 0%
Test for overall effect: Z = 16.55 (p < 0.00001)

1,670
192
161

2,023

51
56.53
44.7

12
8.95

10.75

36
42.5
31.7

12
9.67
7.14

28
96
44

168

13.3
49.8
36.9

100.0

15.00 [10.52, 19 48]
14.03 [11.72, 16.34]
13.00 [10.32, 15 68]

13.78 [12.15, 15.41]

-20 -10 0 10 20
Favors
[LVT(–)]

Favors
[LVT(+)]

d

Fig. 3. Forest plot for the risk of LVT. a Forest plot for the association between anterior STEMI and the risk of 
LVT. b Forest plot for the association between LAD-related infarct and the risk of LVT. c Forest plot for the as-
sociation between left ventricular wall motion abnormalities and the risk of LVT. d Forest plot for the association 
between lower post-PCI LVEF and the risk of LVT.
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Risk Factors of LVT in STEMI Patients Treated by 
Primary PCI
CAG-Related Factors
Four studies [20, 21, 24, 26] explored the association 

between anterior STEMI and the risk of LVT, and the 
pooled analysis showed heterogeneity (I2 = 79%>50%) (as 
shown in online suppl. Table 2). Further sensitivity anal-
ysis revealed that one of the studies [26] was the source of 
heterogeneity, and the pooled results after exclusion 
showed that the risk of LVT in patients with anterior STE-
MI was significantly higher than that in other infarction 
locations (OR = 11.93; 95% CI [6.25, 22.78]; Z = 7.52; p < 
0.0003; I2 = 0%) (Fig. 3a). Four studies [9, 12, 15, 19] re-
ported the association between left anterior descending-
related infarct and LVT in STEMI patients, and the pooled 
results revealed that the risk of LVT in STEMI patients 
with left anterior descending-related infarct was signifi-
cantly higher than in other branches of the coronary ar-
teries (OR = 6.85; 95% CI [3.70, 12.66]; Z = 6.14; p < 
0.00001; I2 = 0%)(Fig. 3b).

TTE-Related Factors
Four studies [12, 15, 20, 26] analyzed the association 

between left ventricular wall motion abnormalities and 
the risk of LVT, and the pooled analysis showed hetero-
geneity (I2 = 85%>50%) (as shown in online suppl. Table 
2). Further sensitivity analysis revealed that one of the 
studies [26] was the source of heterogeneity; the pooled 
results after exclusion showed that the risk of LVT in pa-
tients with left ventricular wall motion abnormalities was 
significantly higher than that in patients with normal left 
ventricular wall motion (OR = 7.53; 95% CI [3.18, 17.82]; 
Z = 4.59; p <0.00001; I2 = 0%) (Fig. 3c). Seven studies [14, 
18–20, 22–24] reported associations between post-PCI 
LVEF and LVT in STEMI patients, of which five [18–20, 
22, 23] examined the association between lower post-PCI 
LVEF levels and the risk of LVT. The pooled results of the 
above five studies showed heterogeneity (I2 = 90%>50%) 
(as shown in online suppl. Table 2). After further sensitiv-
ity analysis and exclusion of two heterogeneous source 
studies [18, 23], the final pooled results indicated that 
lower post-PCI LVEF was associated with LVT (MD = 
13.78, 95% CI [12.15, 15.41], p < 0.00001) (Fig. 3d).

Publishing Bias
We evaluated the publication bias of the results of 

more than ten articles. A funnel plot was drawn for the 
publication bias test for the incidence of all STEMI, which 
showed that each study site’s left and right distribution 
was asymmetrical, revealing that publication bias might 

exist. However, the p values of Egger’s and Begg’s tests are 
0.12 and 0.24, indicating that the possibility of publica-
tion bias is low. The funnel plot is shown in online supple-
mentary Figure 1.

Discussion

Considering the high risk of systemic embolism 
caused by LVT and the lack of evidence-based data on 
prevention strategies, we conducted a comprehensive 
meta-analysis combining results from multiple centers 
to assess the incidence of LVT and related risk factors in 
post-PCI STEMI patients. Our results showed that the 
incidence of LVT in post-PCI STEMI patients was about 
4%, and the incidence in anterior STEMI patients was 
about 10%. This is similar to the results of previous stud-
ies [4, 27] which reported that the incidences of LVT in 
STEMI patients were 6.3% and 2.7%, while the incidence 
of LVT in anterior STEMI patients was 12.2% and 9.1%, 
respectively. The higher incidence of the former may be 
due to the use of CMR to screen for LVT in the included 
studies. In contrast, the lower incidence of the latter may 
be since some studies using heparin or other anticoagu-
lant drugs after PCI were not excluded. In the studies 
included by us, some patients in two studies [14, 15] re-
ceived both TTE and CMR for the diagnosis of LVT; in 
the other three studies [14, 19, 21], some patients re-
ceived echocardiographic contrast during the diagnosis 
of LVT with TTE; conventional TTE was used for the 
diagnosis of LVT in the rest of the studies. Although we 
were unable to conduct a subgroup analysis for these spe-
cial patients due to insufficient data, the vast majority of 
patients in our study adopted conventional TTE as the 
diagnostic method of LVT, which made the results of our 
study more general. Similarly, we selected the patients 
treated with DAPT as the only post-PCI antithrombotic 
therapy, which also made the results of our study more 
general [1]. Due to the significant difference in reports of 
LVT detection time in various studies and the lack of 
complete data to support our meta-analysis, we were 
only given a time range of 3–30 days, most of which was 
within 2 weeks. The detection time window is consistent 
with a previous report [14], but the specific occurrence 
time of LVT after STEMI and the optimal detection time 
need to be evaluated by further large-scale prospective 
studies.

In addition, we also confirmed several factors related 
to LVT in post-PCI STEMI patients. Among CAG-relat-
ed factors, anterior STEMI and LAD-related infarct were 
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associated with increased risk of LVT, while TTE-related 
factors associated with increased risk of LVT in post-PCI 
STEMI patients included left ventricular wall motion ab-
normalities and lower post-PCI LVEF. Whether these 
identified risk factors are merely risk markers for LVT or 
are causal remains to be further determined. However, 
there are possible mechanistic pathways that could ex-
plain some of the documented associations. Anterior 
STEMI, LAD-related infarct, and left ventricular wall 
motion abnormalities in our study were related to the in-
creased risk of LVT formation. This may be because the 
anterior wall is the part of the heart that does the most 
work in systolic activity. Therefore, anterior STEMI, 
LAD-related infarct, and left ventricular wall motion ab-
normalities could have the greatest impact on the heart 
function and are more likely to thrombose due to reduced 
myocardial contractility, uncoordinated ventricular wall 
movement, and blood flow stasis [28]. Previous studies 
[3] have found that STEMI patients with lower post-PCI 
LVEF have larger myocardial infarction areas, decreased 
myocardial contractility, significant pump dysfunction, 
left ventricular blood flow stagnation, and LVT prone-
ness. In our study, a similar conclusion was reached that 
lower post-PCI LVEF increased the risk of LVT. Due to 
the limitations of the included data, we did not conduct a 
stratified analysis of LVEF, thus making it impossible to 
determine its critical value.

Clinical hazards of LVT mainly lie in the rupture and 
shedding of thrombus, which will cause embolization of 
peripheral arteries and essential organs and cause a high 
risk of disability or death to patients. Therefore, it is of 
great significance to identify the incidence and risk fac-
tors of LVT in STEMI patients and take early treatment 
for high-risk patients to prevent severe embolism events. 
At present, many clinical studies have analyzed the risk 
factors of LVT, but no unified conclusion has been 
reached. The specific reasons are unclear and may be 
partly due to differences in patient selection and drug 
treatment strategies. Many researchers also have tried to 
summarize the incidence and risk factors of LVT in STE-
MI patients and reported relevant findings, but these re-
sults are not universal. We consider that most STEMI pa-
tients do not routinely use anticoagulant drugs such as 
heparin post-revascularization but receive DAPT-based 
antithrombotic therapy and the more widely used TTE to 
monitor cardiac function. Therefore, our meta-analysis 
attempted to evaluate and synthesize the incidence of 
LVT and several factors related to it in the largest propor-
tion of STEMI patients. Our findings are clinically rele-
vant because we have identified several potential risk fac-

tors that can help physicians monitor high-risk patients 
and implement early thromboprophylaxis.

At the same time, we acknowledge that this study has 
some limitations. First, the studies we included are main-
ly case-control studies, with few cohort studies and a lack 
of cross-sectional studies, which may lead to insufficient-
ly comprehensive arguments. Most of the studies we in-
cluded adopted the low-sensitivity TTE diagnostic meth-
od for LVT, which resulted in LVT missed detection and 
a major bias of underestimation. Secondly, due to the lim-
itations of single rate meta-analysis studies and differenc-
es in follow-up time, the results are highly heterogeneous. 
Subgroup analysis failed to identify the source of hetero-
geneity. Thirdly, some risk factor indices were included 
in only a few of the papers, which makes it impossible for 
us to accurately assess publication bias. The colinearities 
of related risk factors may affect our analysis results, just 
as lower post-PCI LVEF and left ventricular wall motion 
abnormalities, both of which could exacerbate each other 
by causing ventricular vortices. Finally, most of the stud-
ies we included were from Asia, so factors such as medical 
level and ethnicity may have influenced our results. The 
APERITIF trial (NCT05077683) is currently underway to 
compare the 1-month incidence of LVT under DAPT 
versus triple therapy with very low-dose rivaroxaban (2.5 
mg twice daily) and DAPT in patients with acute anterior 
MI. We believe that based on these data, we can analyze 
more accurate risk factors and implement better manage-
ment and prevention for high-risk groups.

Conclusions

Our findings indicate that LVT is still a relatively com-
mon complication in STEMI patients, especially in ante-
rior STEMI patients. We also confirmed that the risk fac-
tors related to LVT in post-PCI STEMI patients are ante-
rior STEMI, LAD-related infarct, left ventricular wall 
motion abnormalities, and lower post-PCI LVEF. Pa-
tients with these high-risk factors should receive close 
monitoring and early prevention in clinical practice.

Statement of Ethics

This meta-analysis was registered with the International Pro-
spective Register of Systematic Reviews (PROSPERO no. CRD 
42021267240) and conducted according to the PRISMA and Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) 
statement.



Wang/Ye/Yan/Peng/ZhangMed Princ Pract 2022;31:415–423422
DOI: 10.1159/000525943

Conflict of Interest Statement

The authors declare that they have no conflict of interest.

Funding Sources

This work was supported by Research on the Prevention and 
Control of Major Chronic Non-communicable Diseases, the Es-
tablishment and Demonstration Study of Appropriate Technolo-
gies and Management Platforms for the Prevention and Control of 
Cardiovascular and Cerebrovascular Diseases (2018YFC1311505), 
and the Gansu Province Cardiovascular Clinical Medicine Re-
search Center (18JR2FA005).

Author Contributions

Study concept and design: P. Wang and Z. Zhang; data collec-
tion: P. Wang, X. Ye, and D. Yan; data analysis: P. Wang and X. 
Ye; first draft: P. Wang and X. Ye; manuscript revision: P. Wang, 
X. Ye, D. Yan, Y. Peng, and Z. Zhang. All the authors approved the 
final version to be submitted.

Data Availability Statement

All data relevant to this study are available with the correspond-
ing author.

References

  1	 Barnett R. Acute myocardial infarction. Lan-
cet. 2019; 393(10191): 2580.

  2	 Damluji AA, van Diepen S, Katz JN, Menon 
V, Tamis-Holland JE, Bakitas M, et al. Me-
chanical complications of acute myocardial 
infarction:  a scientific statement from the 
American Heart Association. Circulation. 
2021; 144(2): e16–e35.

  3	 McCarthy CP, Murphy S, Venkateswaran 
RV, Singh A, Chang LL, Joice MG, et al. Left 
ventricular thrombus:  contemporary etiolo-
gies, treatment strategies, and outcomes. J 
Am Coll Cardiol. 2019; 73(15): 2007–9.

  4	 Bulluck H, Chan MHH, Paradies V, Yellon 
RL, Ho HH, Chan MY, et al. Incidence and 
predictors of left ventricular thrombus by 
cardiovascular magnetic resonance in acute 
ST-segment elevation myocardial infarction 
treated by primary percutaneous coronary 
intervention:  a meta-analysis. J Cardiovasc 
Magn Reson. 2018; 20(1): 72.

  5	 Chen PF, Tang L, Yi JL, Pei JY, Hu XQ. The 
prognostic effect of left ventricular thrombus 
formation after acute myocardial infarction 
in the contemporary era of primary percuta-
neous coronary intervention:  a meta-analy-
sis. Eur J Intern Med. 2020; 73: 43–50.

  6	 Cruz Rodriguez JB, Okajima K, Greenberg 
BH. Management of left ventricular throm-
bus:  a narrative review. Ann Transl Med. 
2021; 9(6): 520.

  7	 Gong FF, Vaitenas I, Malaisrie SC, Maganti 
K. Mechanical complications of acute myo-
cardial infarction:  a review. JAMA Cardiol. 
2021; 6(3): 341.

  8	 Zhang Q, Wang CM, Shi ST, Chen H, Zhou 
YJ. Relationship of left ventricular thrombus 
formation and adverse outcomes in acute 
anterior myocardial infarction in patients 
treated with primary percutaneous coronary 
intervention. Clin Cardiol. 2019; 42(1): 69–
75.

  9	 Garber AM, Mentz RJ, Al-Khalidi HR, Shaw 
LK, Fiuzat M, O’Connor CM, et al. Clinical 
predictors and outcomes of patients with left 

ventricular thrombus following ST-segment 
elevation myocardial infarction. J Thromb 
Thrombolys. 2016; 41(3): 365–73.

10	 Shacham Y, Leshem-Rubinow E, Ben Assa E, 
Rogowski O, Topilsky Y, Roth A, et al. Fre-
quency and correlates of early left ventricular 
thrombus formation following anterior wall 
acute myocardial infarction treated with pri-
mary percutaneous coronary intervention. 
Am J Cardiol. 2013; 111(5): 667–70.

11	 Duus LS, Pedersen S, Ravnkilde K, Galatius 
S, Fritz-Hansen T, Biering-Sorensen T, et al. 
Association between the E-wave propaga-
tion index and left ventricular thrombus for-
mation after ST-elevation myocardial infarc-
tion. Int J Cardiol. 2021; 326: 213–9.

12	 Tan S, Thakur U, Chow KY, Lee S, Ngoi A, 
Nerlekar N, et al. Predictive utility of left 
heart catheterization indices for left ventric-
ular thrombus formation after anterior ST-
elevation myocardial infarction. Cardiovasc 
Revasc Med. 2022; 34: 106–11.

13	 Olsen FJ, Pedersen S, Galatius S, Fritz-Han-
sen T, Gislason G, Biering-Sorensen T, et al. 
Association between regional longitudinal 
strain and left ventricular thrombus forma-
tion following acute myocardial infarction. 
Int J Cardiovas Imag. 2020; 36(7): 1271–81.

14	 Albaeni A, Chatila K, Beydoun HA, Beydoun 
MA, Morsy M, Khalife WI, et al. In-hospital 
left ventricular thrombus following ST-ele-
vation myocardial infarction. Int J Cardiol. 
2020; 299: 1–6.

15	 Khaled S, Hachicha Z, Elkhateeb O. Left ven-
tricular thrombus in myocardial infarction 
after successful primary percutaneous coro-
nary intervention:  prevalence and predic-
tors-A middle eastern single-centre experi-
ence. CJC Open. 2020; 2(3): 104–10.

16	 Tekin Tak B, Ekizler FA, Cay S, Kafes H, Ce-
tin EHO, Ozeke O, et al. Relationship be-
tween apical thrombus formation and blood 
viscosity in acute anterior myocardial infarc-
tion patients. Biomark Med. 2020; 14(3): 

201–10.

17	 Cirakoglu OF, Aslan AO, Yilmaz AS, Kul S, 
Dursun İ. Usefulness of whole blood viscosity 
estimated by de Simeone’s formula to predict 
left ventricular thrombus formation within 
one year following acute anterior myocardial 
infarction. Biorheology. 2020; 57(1): 37–51.

18	 Icen YK, Donmez Y, Demirtas AO, Koca H, 
Ardic ML, Koc AS, et al. Ischemic changes in 
lead aVR is associated with left ventricular 
thrombus or high-grade spontaneous echo-
contrast in patients with acute anterior myo-
cardial infarction. Turk Kardiyol Dern Ars. 
2019; 47(3): 168–76.

19	 Mao TF, Bajwa A, Muskula P, Coggins TR, 
Kennedy K, Magalski A, et al. Incidence of left 
ventricular thrombus in patients with acute 
ST-segment elevation myocardial infarction 
treated with percutaneous coronary interven-
tion. Am J Cardiol. 2018; 121(1): 27–31.

20	 Jiang YX, Jing LD, Jia YH. Clinical character-
istics and risk factors of left ventricular 
thrombus after acute myocardial infarction:  
a matched case-control study. Chin Med J. 
2015; 128(18): 2415–9.

21	 Gianstefani S, Douiri A, Delithanasis I, Rog-
ers T, Sen A, Kalra S, et al. Incidence and pre-
dictors of early left ventricular thrombus af-
ter ST-elevation myocardial infarction in the 
contemporary era of primary percutaneous 
coronary intervention. Am J Cardiol. 2014; 

113(7): 1111–6.
22	 Acar Z, Ziyrek M, Korkmaz L, Kiris A, Sahin 

S, Celik S, et al. Mean platelet volume at ad-
mission is a determinant of left ventricular 
thrombus formation after primary percuta-
neous coronary intervention for first anteri-
or wall myocardial infarction. Acta Cardiol. 
2014; 69(6): 603–9.

23	 Gokdeniz T, Boyaci F, Hatem E, Aslan AO, 
Aykan AC, Gul I, et al. SYNTAX score pre-
dicts the left ventricle thrombus develop-
ment in patients undergoing primary percu-
taneous coronary intervention for first ante-
rior myocardial infarction. Clin Appl 
Thromb Hemost. 2014; 20(7): 698–705.

https://www.karger.com/Article/FullText/525943?ref=1#ref1
https://www.karger.com/Article/FullText/525943?ref=1#ref1
https://www.karger.com/Article/FullText/525943?ref=2#ref2
https://www.karger.com/Article/FullText/525943?ref=3#ref3
https://www.karger.com/Article/FullText/525943?ref=3#ref3
https://www.karger.com/Article/FullText/525943?ref=4#ref4
https://www.karger.com/Article/FullText/525943?ref=4#ref4
https://www.karger.com/Article/FullText/525943?ref=5#ref5
https://www.karger.com/Article/FullText/525943?ref=6#ref6
https://www.karger.com/Article/FullText/525943?ref=7#ref7
https://www.karger.com/Article/FullText/525943?ref=8#ref8
https://www.karger.com/Article/FullText/525943?ref=9#ref9
https://www.karger.com/Article/FullText/525943?ref=9#ref9
https://www.karger.com/Article/FullText/525943?ref=10#ref10
https://www.karger.com/Article/FullText/525943?ref=11#ref11
https://www.karger.com/Article/FullText/525943?ref=12#ref12
https://www.karger.com/Article/FullText/525943?ref=12#ref12
https://www.karger.com/Article/FullText/525943?ref=13#ref13
https://www.karger.com/Article/FullText/525943?ref=14#ref14
https://www.karger.com/Article/FullText/525943?ref=15#ref15
https://www.karger.com/Article/FullText/525943?ref=16#ref16
https://www.karger.com/Article/FullText/525943?ref=17#ref17
https://www.karger.com/Article/FullText/525943?ref=18#ref18
https://www.karger.com/Article/FullText/525943?ref=19#ref19
https://www.karger.com/Article/FullText/525943?ref=20#ref20
https://www.karger.com/Article/FullText/525943?ref=21#ref21
https://www.karger.com/Article/FullText/525943?ref=22#ref22
https://www.karger.com/Article/FullText/525943?ref=23#ref23
https://www.karger.com/Article/FullText/525943?ref=23#ref23


LVT after Acute ST-Segment Elevation 
Myocardial Infarction

423Med Princ Pract 2022;31:415–423
DOI: 10.1159/000525943

24	 Zielinska M, Kaczmarek K, Tylkowski M. 
Predictors of left ventricular thrombus for-
mation in acute myocardial infarction treat-
ed with successful primary angioplasty with 
stenting. Am J Med Sci. 2008; 335(3): 171–6.

25	 Anzai T, Yoshikawa T, Kaneko H, Maekawa 
Y, Iwanaga S, Asakura Y, et al. Association 
between serum C-reactive protein elevation 
and left ventricular thrombus formation af-
ter first anterior myocardial infarction. 
Chest. 2004; 125(2): 384–9.

26	 Ascione L, Antonini-Canterin F, Macor F, 
Cervesato E, Chiarella F, Giannuzzi P, et al. 
Relation between early mitral regurgitation 
and left ventricular thrombus formation af-
ter acute myocardial infarction:  results of the 
GISSI-3 echo substudy. Heart. 2002; 88(2): 

131–6.
27	 Robinson AA, Jain A, Gentry M, McNamara 

RL. Left ventricular thrombi after STEMI in 
the primary PCI era:  a systematic review and 
meta-analysis. Int J Cardiol. 2016; 221: 554–9.

28	 Choi UL, Park JH, Sun BJ, Oh JK, Seong SW, 
Lee JH, et al. Impaired left ventricular dia-
stolic function is related to the formation of 
left ventricular apical thrombus in patients 
with acute anterior myocardial infarction. 
Heart Vessels. 2018; 33(5): 447–52.

https://www.karger.com/Article/FullText/525943?ref=24#ref24
https://www.karger.com/Article/FullText/525943?ref=25#ref25
https://www.karger.com/Article/FullText/525943?ref=26#ref26
https://www.karger.com/Article/FullText/525943?ref=27#ref27
https://www.karger.com/Article/FullText/525943?ref=28#ref28

