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Abstract

Background Since the advent of primary percutaneous

coronary intervention (PCI), studies have reported a

declining incidence of left ventricular thrombus (LVT)

following ST-elevation myocardial infarction (STEMI).

We investigated the incidence and outcomes of early (pre-

discharge) LVT in the contemporary era of PCI practice in

a large cohort of STEMI patients.

Methods We retrospectively studied 2071 consecutive

STEMI patients who underwent successful primary PCI.

Screening echocardiography was performed within

24–48 h of admission. Patients with anterior STEMI were

treated with intravenous heparin for 24–48 h until a first

echocardiography test was performed. Patients with

reduced ejection fraction (EF) B40% had a repeat test

before hospital discharge (days 5–7). Heparin was contin-

ued in case of significant left ventricular dysfunction

(EF\ 35%) or apical akinesis or dyskinesis, until a second

test ruled out LVT.

Results LVT was diagnosed before hospital discharge in

31/2071 patients (1.5%), 28 of whom (90%) had anterior

STEMI. Only 2/31 patients with LVT (6.5%) developed

embolic events before discharge and 1/31 (3.2%) had an

episode of upper gastrointestinal bleeding that required

blood transfusion. There was no significant difference

between the two groups regarding in-hospital STEMI-re-

lated complications, short- and long-term mortality. All

LVTs resolved in subsequent echocardiograms within

6 months of discharge.

Conclusions We report a low incidence of early LVT

following STEMI. Further studies are needed to assess the

efficacy and safety of a limited in-hospital anticoagulation

protocol in STEMI patients with reduced EF.

Keywords ST-elevation myocardial infarction � Left

ventricular thrombus � Primary percutaneous coronary

intervention � Anticoagulation following STEMI

Introduction

Before the advent of primary percutaneous coronary

intervention (PCI) for the treatment of ST-elevation

myocardial infarction (STEMI), left ventricular thrombus

(LVT) was a serious complication reported in up to 46% of

patients following first anterior wall STEMI [1, 2]. The

majority of LVT were found prior to hospital discharge and

most disappeared within 6 months of anticoagulation

therapy [3]. Major consequences of LVT included a high

incidence (20%) of systemic embolism before discharge

and conferred poor prognosis among patients with early

LVT formation (detected within 72 h of hospital admis-

sion) [4–6]. Since the introduction of primary PCI, studies

have reported a declining incidence of LVT after STEMI

ranging from 2 to 4% in large studies. The steady decline in

the incidence of LVT thrombus has been postulated to be

related to improvements in PCI practice over the years

[7–10]. While the incidence and outcomes of LVT in the

pre-PCI era have been well studied, there are limited data
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on the possible implications of early LVT in the last decade

of PCI practice. We aimed to investigate the incidence,

natural history and outcomes of early (pre-discharge) LVT

in a large cohort of STEMI patients undergoing primary

PCI.

Methods

We performed a retrospective, single-center observational

study at the Tel-Aviv Sourasky Medical Center, a tertiary

referral hospital with a 24/7 PCI service [11–13]. Included

were all 2219 consecutive patients admitted to the cardiac

intensive care unit (CICU) with the diagnosis of STEMI

between October 2007 and April 2016. We excluded

patients who were discharged with a diagnosis other than

STEMI (e.g., stress cardiomyopathy, myocarditis, n = 37),

patients treated conservatively (n = 79), and patients who

died before a first echocardiographic test was performed

(n = 32). The final study population included 2071

patients, all of whom underwent primary PCI and had at

least one echocardiographic study during their hospital

stay. Patients’ baseline demographics, cardiovascular his-

tory, clinical risk factors, treatment, characteristics and

laboratory results were all retrieved from the hospital

electronic medical records.

The criteria for the diagnosis of STEMI were consistent

with the 2012 European Society of Cardiology and 2013

AHA/ACC STEMI guidelines based on serial elevations of

cardiac biomarkers, history of typical chest pain and

electrocardiographic features. The electrocardiographic

criterion for the diagnosis of ST-segment elevation was an

ST-segment elevation C1 mm in [2 adjacent leads

[14, 15].

All patients received a heparin bolus (4000 U) and dual

antiplatelet therapy consisting of aspirin (a loading dose of

300 mg followed by 100 mg/day) and either clopidogrel (a

loading dose of 300 mg followed by 75 mg/day), prasugrel

(a loading dose of 60 mg followed by 10 mg/day) or

ticagrelor (a loading dose of 180 mg followed by

90 mg/day). Patients who arrived at hospital by ambulance

were administered aspirin and heparin while being trans-

ported. All patients were treated with heparin boluses

during angioplasty, aiming to obtain an activated clotting

time of 250–300 s in those treated with glycoprotein IIb/

IIIa antagonists and an activated clotting time[300 s in the

others. Glycoprotein IIb/IIIa antagonist was administered

during PCI at the discretion of the senior operator.

Post-PCI anticoagulation was administered according to

our local policy: Unless contraindicated (recent history of

major bleeding, recent ischemic stroke, history of hemor-

rhagic stroke, active bleeding or other condition deemed

very high risk for bleeding by the treating physician), all

patients with anterior STEMI were treated with full dose

intravenous heparin for 24–48 h until a first echocardiog-

raphy test was performed. Heparin was continued in case of

significant left ventricular dysfunction (EF\ 35%) or

apical akinesis or dyskinesis until a second echocardiog-

raphy test ruled out LVT. Otherwise, anticoagulation

treatment was deferred unless the echocardiographic

examination demonstrated an LVT. Patients having non-

anterior STEMI did not receive anticoagulation unless

warranted for another indication (e.g., atrial fibrillation).

All patients underwent screening echocardiography

within 24–48 h of admission. Repeat echocardiography

was performed before discharge (within 4–7 days) in

patients with STEMI who had an ejection fraction of 40%

or less on their first echocardiography.

Echocardiography was performed using Philips iE33

(Philips Medical Systems, Andover, Massachusetts) and

GE Vivid 3 (GE Healthcare, Waukesha, Wisconsin) mod-

els equipped with S5-1 transducers. Parasternal long- and

short-axis, apical and 2–4 chambers views were obtained

using standard transducer positions.

The 16-segment model was used for scoring the severity

of segmental wall motion abnormalities, according to the

American Society of Echocardiology [16]. LV wall motion

was graded on a scale ranging from 1 to 5 (1 = normal

motion, 2 = hypokinesia, 3 = akinesia, 4 = dyskinesia,

5 = signs of a left ventricular aneurysm). An LVT was

defined as an echo-dense mass adjacent to an abnormally

contracting myocardial segment. It had to be distinguish-

able from the underlying myocardium, have a clear

thrombus-blood interface, and be visible in at least two

transducer positions. If the diagnosis of LVT was suspected

or could not be ruled out, serial echocardiographic tests

were mandated to determine the final diagnosis.

Following a diagnosis of LVT all patients received triple

anticoagulation therapy according to current guidelines

which included aspirin, clopidogrel and warfarin (with

target INR of 2–2.5) for at least 3 months [14, 15]. War-

farin was discontinued if follow-up echocardiography did

not demonstrate LVT.

Analysis was performed retrospectively using the insti-

tution’s electronic records and database. Patients were

followed for 30-day mortality, long-term mortality, hospi-

tal readmissions, and follow-up echocardiography. The

study was approved by the institutional review board.

Long-term mortality for all patients was assessed over a

mean period of 1311 ± 906 days of follow-up (range

1–3133). Patients who had LVT were also assessed for

hospital readmissions due to heart failure, myocardial

infarction, stent thrombosis, stroke and bleeding episodes

using electronic medical records for a time of 3 months

following hospital discharge. In addition, patients with

LVT were assessed for follow-up echocardiography
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performed within 3 and 6 months following hospital

discharge.

Continuous variables are presented as mean ± standard

deviation. Categorical variables were reported as counts

and percentages. Comparisons between groups were made

using the Whitney–Mann test or t test for continuous

variables and Chi square analysis for categorical variables.

Statistical significance was assumed at p value\0.05.

Results

A total of 2071 consecutive patients were included in the

analysis. Echocardiography was performed in all patients

within 24–48 h (mean 1 ± 0.4 days). A second echocar-

diographic study was performed in 614/2017 patients

(29.6%) within 5 ± 1.2 days following admission. Exten-

ded heparin regimen was given to 213 patients. In 197/213

patients (92%), the heparin could be stopped after the

second echocardiography.

LVT was diagnosed before hospital discharge in

31/2071 patients (1.5%), 28 of whom (90%) had an ante-

rior STEMI. Upon hospital admission, 11/31 patients with

LVT (35%) were on aspirin, and 3/31 (9.7%) were on dual

antiplatelet therapy (DAPT). In 15/31 patients (48.4%), an

LVT was present on the first echocardiographic test,

whereas in 16 patients (51.6%) LVT was only demon-

strated on the second echocardiographic study. Patients

who developed LVT after STEMI had lower left ventric-

ular ejection fraction, higher peak CPK level, longer time

from symptom onset until arrival to the emergency

department, and prolonged time to reperfusion (Table 1).

In-hospital outcomes

There was no difference between the two groups in 30-day

mortality, and in-hospital STEMI-related complications

including arrhythmias, heart failure, major bleeding and

need for mechanical ventilation (Table 2). Only 2/31

patients with early LVT (6.5%) developed embolic events

before discharge and 1/31 patient (3.2%) had an episode of

upper gastrointestinal bleeding that necessitated blood

transfusion.

Long-term outcomes

Follow-up data were available for 25/31 patients with early

LVT within 3 months of discharge (2 patients died, 2 were

visitors who returned to their country of origin and 2

patients were lost to follow-up). Follow-up echocardio-

grams were available for all 25 patients within 3 months of

discharge. The mean time for echocardiography was

55 ± 26 days (range 30–90). In 4/25 patients (16%), an

LVT was still observed. All remaining LVTs resolved in

subsequent echocardiograms within 6 months of discharge.

Five patients were readmitted to the hospital within

3 months of follow-up (1 due to documented ventricular

tachycardia, 1 due to syncope and the rest due to non-

specific chest symptoms). None of the readmissions was

due to heart failure, bleeding or stroke.

Over a mean period of 1311 ± 906 days of follow-up

(range 1–3133), no significant difference was found in

mortality between patients with LVT and without LVT

(12.9 vs. 6.5%, p = 0.34) (Fig. 1).

Discussion

The current study provides new data and insights con-

cerning the incidence and outcomes of LVT among STEMI

patients in the contemporary era of primary PCI practice.

We demonstrated that early LVT formation following

STEMI is a rare complication. We report an incidence of

1.5% among a large cohort of consecutive patients treated

in our hospital over the last decade. The low incidence of

early LVT thrombus following STEMI reported in our

study is possibly related to improved PCI practice over the

last decades but could also be ascribed to our anticoagu-

lation policy. In our cohort, there was a large numerical

difference in long-term survival in patients with and

without LVT; however, this difference did not reach sta-

tistical significance. Given the low number of events, the

lack of statistical significance should be interpreted with

caution. The same is true for the other outcome measures

reported in our study.

The pathogenesis of LVT formation is attributed to the

combination of blood stasis, endothelial injury and hyper-

coagulability, collectively referred to as Virchow’s triad.

Blood stasis is the result of myocardial stunning and

regional wall akinesia/dyskinesia. Ischemia causes

endothelial injury, triggers inflammatory changes and

induces a hypercoagulable state [17, 18].

Anticoagulation has been shown to reduce the incidence

of LVT after myocardial infarction [19–22], although some

studies have failed to show that this reduction in LVT

incidence is associated with a decrease in stroke events

following myocardial infarction [20, 23]. Since the vast

majority of LVTs following STEMI are formed within

2 weeks after the index event [24], when the components

of Virchow’s triad are highest, it is reasonable to consider a

short-term anticoagulation protocol for the prevention of

LVT formation.

Currently, the 2013 American College of Cardiology

(ACC)/American Heart Association (AHA) STEMI

guidelines recommend oral anticoagulation with warfarin

in addition to dual antiplatelet therapy in patients with LVT
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(class 2a recommendation) and for the prevention of LVT

formation in patients with anterior apical akinesis or

dyskinesis (class 2b recommendation) [14]. However, the

routine use of anticoagulation following anterior STEMI

with risk factors for LVT is controversial. A recent non-

randomized study reported a high rate of in-hospital major

bleeding in patients treated with warfarin for the prevention

of LVT after STEMI and a higher rate of death, stroke and

major bleeding at 180 days [25].

Our policy is to administer a limited (5–7 days) in-

hospital anticoagulation protocol in selected patients

(EF B 35% or those with apical akinesis or dyskinesis)

who do not seem be at a high-risk for bleeding until a

second echocardiography test ruled out LVT. We have

previously studied the safety of this protocol in 296

patients with anterior STEMI in our department. Continu-

ous anticoagulation therapy for 5 days was associated with

a low incidence of LVT formation without a significant

increase in the risk of bleeding [26]. In our current cohort,

the risk for major bleeding did not differ significantly

between the two groups (3.2 vs. 4.6%, p = 0.71). Further

prospective studies are needed to weigh the risks and

Fig. 1 Kaplan–Meier survival curve for long-term survival according

to the presence or absence of LVT

Table 1 Baseline

characteristics, angiographic

findings and laboratory results

of ST-elevation myocardial

infarction patients according to

the presence or absence of LVT

Variable Left ventricular thrombus p

Yes (31) No (2040)

Age 64 ± 11 61 ± 13 0.3

Male 25 (80%) 1640 (81%) 0.97

Diabetes mellitus 6 (19%) 474 (23%) 0.61

Dyslipidemia 14 (45%) 957 (47%) 0.84

Hypertension 10 (32%) 893 (44%) 0.19

Smoking history 13 (42) 1033 (51%) 0.33

Familial history of CAD 3 (10%) 408 (20%) 0.15

No. of narrowed coronary arteries

1 15 (48%) 859 (42%) 0.75

2 10 (32%) 597 (30%)

3 6 (19%) 565 (28%)

Time to emergency department (minutes) 240 (90–1440) 120 (60–360) 0.02

Door to balloon time 45 (30–60) 45 (30–60) 0.45

Time to reperfusion 300 (150–1470) 165 (105–405) 0.01

Admission Scr (mg/dL) 1.11 (1.0–1.2) 1.1 (0.9–1.2) 0.35

Peak CPK (units/L) 1259 (547–2676) 812 (325–1680) 0.03

Admission CRP (mg/L) 14 ± 1.8 14 ± 1.5 0.81

LVEF (%) 38 ± 6.9 47 ± 8.2 \0.01

Variables are n (%), mean ± SD, median (IQR)

Table 2 In-hospital outcomes and complications of ST-elevation

myocardial infarction patients according to the presence or absence of

LVT

Variable Left ventricular thrombus p

Yes (31) No (2040)

Mechanical ventilation 1 (3.2%) 107 (5.2%) 0.61

Tachyarrhythmia 2 (6.5%) 160 (7.8%) 0.77

Bradyarrhythmia 1 (3.2%) 86 (4.2%) 0.78

Heart failure 1 (3.2%) 15 (10.5%) 0.18

Bleeding 1 (3.2%) 94 (4.6%) 0.715

30-day mortality 1 (3.2%) 64 (3.2%) 0.98

Variables are n (%)
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benefits of such a limited short-term anticoagulation

protocol.

Of note is that half of the LVTs in our study were not

visualized on the first echocardiography performed within

24–48 h. This finding emphasizes the need for a repeat

echocardiography study before discharge in patients at high

risk for LVT formation following STEMI. Our follow-up

data also support the available body of evidence that most

LVTs after STEMI resolve within 3 months of anticoagu-

lation therapy, probably emphasizing that anticoagulation

may be withdrawn beyond that period.

Study limitations

First, this is a retrospective non-randomized study which

may introduce detection and treatment bias. Second, our

relatively small sample size of positive cases could limit

comprehensive multivariate analysis concerning LVTs.

Moreover, the low number of in-hospital events and

absence of data on long-term outcomes (other than mor-

tality) in patients without LVT dictate that outcome-related

conclusions derived from lack of statistical significance be

interpreted with caution. Third, a substantial number of

LVT were detected only by the second echocardiography.

Since this second echocardiography was missing in nearly

70% of patients, the true incidence of LVT might have

been underestimated. In addition, we only report early

LVTs detected during hospital stay while late LVT for-

mation has been demonstrated in echocardiographic studies

performed 1–3 months after discharge [27, 28]. Forth, non-

contrast echocardiography has a low sensitivity and

specificity. When compared to delayed enhancement car-

diac magnetic resonance (CMR), non-contrast echocar-

diography has a 35% sensitivity for the diagnosis of LVT

while contrast echo significantly improved the sensitivity

for LVT diagnosis to 64% [29]. It is possible that some

LVTs were missed in our cohort due to the use of non-

contrast echocardiography. To enhance the detection power

and reduce the false results associated with the use of non-

contrast echocardiography, we used multiple tomographic

planes, frequent adjustment of gain, depth focus, color

Doppler with low scale as a contrast substitute and a high

transducer frequency. Delayed enhancement CMR appears

to be superior than other modalities for the detection of

LVT thrombus [30]; however, the clinical significance of

small LVTs detected only by CMR has not been clarified.

Recent CMR studies have shown that LVTs can be present

early post-MI and self-resolve thereafter [31]. Further

studies are needed to elucidate the clinical significance of

small LVTs detected only by CMR. Finally, information

regarding long terms outcomes other than mortality for

patients not having LVT (recurrent infarction, need for

repeat revascularization, heart failure and stroke) was not

available. Also, no information was present regarding

administration of IIb/IIIa receptor blockers during primary

PCI and the type of antiplatelet used throughout hospital-

ization and discharge prohibiting the possible evaluation of

their long-term utilization [32, 33].

Conclusions

We demonstrated that the incidence of early LVT detected

on non-contrast echocardiography is 1.5% in a large con-

temporary population.

Further prospective randomized studies are needed to

weigh the risks and benefits of short-term anticoagulation

after STEMI and to determine whether it improves

outcomes.
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