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Background: The 20%–60% rate of acute anterior myocardial 
infarction (AAMI) patients with concomitant left ventricular 
thrombus (LVT) formation dropped to 10–20% when throm-
bolysis and primary percutaneous coronary intervention 
(PPCI) were introduced. 
objective: To test our hypothesis that prolonged anti- 
coagulation post-PPCI will lower the LVT incidence even 
further. 
methods: Included in this study were all 296 inpatients with 
ST elevation AAMI who were treated with PPCI (from January 
2006 to December 2009). Treatment included heparin 
anticoagulation (48 hours) followed by adjusted doses of 
low molecular weight heparin (3 more days). All patients 
underwent cardiac echocardiography on admission and at 
discharge. LVT and bleeding complications were reviewed 
and compared. 
results: LVT formation was present on the first echo-
cardiogram in 6/296 patients. Another 8/289 patients 
displayed LVT only on their second echocardiogram (4.7%, 
14/296). LVT patients had significantly lower LV ejection 
fractions than non-LVT patients at admission (P < 0.003) and 
at discharge (P < 0.001), and longer time to reperfusion (P 
= 0.168). All patients were epidemiologically and clinically 
similar. There were 6 bleeding episodes that required blood 
transfusion and 11 episodes of minor bleeding. 
conclusions: Five days of continuous anticoagulation therapy 
post-PPCI in inpatients with AAMI is associated with low LVT 
occurrence without remarkably increasing bleeding events.
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aBstract:

keY words:

l eft ventricular mural thrombus is a well-known compli-
cation of acute anterior wall myocardial infarction. The 

incidence of LVT in acute anterior MI  patients in the pre-

LVT = left ventricular thrombus
MI = myocardial infarction

thrombolytic era ranged from 20% to 40% and could reach as 
high as 60% among patients with large anterior wall infarcts 
[1,2]. Prospective studies have shown that the presence of an 
LVT is associated with poor early prognosis, probably related to 
the large infarct size rather than to the embolic events, which are 
reported in 10% of the patients [3,4]. The risk for LVT formation 
is increased in patients with an anterior location of the infarct, 
apical aneurysm, reduced left ventricular ejection fraction, 
advanced age, a hypercoagulable state and elevated C-reactive 
protein levels [5-7]. Early anticoagulation [8,9] and reperfusion 
therapy with either thrombolysis [10,11] or primary percutane-
ous coronary intervention [5,6,12] further decreased LVT, and 
the updated incidence now ranges between 10 and 15% [12,13]. 
Solheim et al. [14] recently reported an LVT incidence of 10% 
in the first week following an MI among patients with AAMI  
who had been treated with PPCI  and dual antiplatelet therapy. 
Similarly, Osherov et al. [15] reported a 7.1% incidence of early 
LVT formation among AMI patients treated with PPCI. 

In the pre-thrombolytic era, guidelines for the management 
of patients with ST-segment elevation myocardial infarction 
favored anticoagulation with heparin for 5 days following an 
AMI. These guidelines were revised over the years, and the 
current ones recommend that anticoagulation therapy be 
stopped following PPCI [16,17]. Continuous administration 
of anticoagulants is recommended for patients who are at 
high risk for systemic emboli (e.g., large or anterior MI, atrial 
fibrillation, previous emboli or known LVT). We evaluated 
whether continuous treatment with heparin contributes to a 
lower incidence of LVT in AAMI patients, and to what extent 
this treatment affects the tendency towards bleeding.

Patients and metHods

The data for this retrospective observational study were 
retrieved from the records of all patients with an anterior 
STEMI  admitted between January 2006 and December 2009 
to the Cardiac Intensive Care Unit in the Tel Aviv Sourasky 

AAMI = acute anterior wall myocardial infarction
PPCI = primary percutaneous coronary intervention
STEMI = ST-segment elevation myocardial infarction
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Medical Center. All patients were treated with dual antiplatelet 
therapy consisting of aspirin and clopidogrel (a loading dose 
of 300 mg followed by 75 mg/dl). The IIb/IIIa antagonist was 
administered during PPCI at the discretion of the operator. 
Our departmental policy for all patients who undergo PPCI 
for STEMI is to continue with the administration of heparin 
after PPCI by continuous intravenous drip adjusted to achieve 
a partial thromboplastin time of 45–60 seconds for 48 hours, 
followed by adjusted doses of subcutaneous low molecular 
weight heparin for an additional 3 days. All patients in the 
CICU undergo an echocardiogram within 24–48 hours from 
admission, and all those with evidence of an AAMI have a 
repeat echocardiogram before discharge from the hospital. 
Patients with an AAMI treated conservatively or with fibrino- 
lysis and those who underwent an echocardiographic evalua-
tion more than 48 hours from admission (mostly individuals 
admitted on weekends and holidays), as well as those with 
non-anterior wall MI were excluded from this study. 

Echocardiography was performed with a Philips IG-33, 
GE and Vivid 3 models equipped with S5-1 transducers. 
Parasternal long and short axis, apical, and two- and four-
chamber views were obtained using standard transducer posi-
tions. Special consideration was also given to apical and low 
parasternal echocardiographic windows. Echocardiograms 
were interpreted independently by two investigators. An LVT 
was defined as an echodense mass adjacent to an abnormally 
contracting myocardial segment. It had to be distinguishable 
from the underlying myocardium, have a clear thrombus-
blood interface, and be visible in at least two transducer posi-
tions. The 16-segment model was used for scoring the severity 
of segmental wall motion abnormalities according to the 
American Society of Echocardiography [18]. LV wall motion 
was graded on a scale from 0 to 4 where 0 = normal motion, 
1 = hypokinesia, 2 = akinesia, 3 = dyskinesia and 4 = signs of 
an LV aneurysm.

When available, the patients’ records and laboratory 
results up to 30 days following admission were also reviewed 
for any change in hemoglobin levels or the need for a blood 
transfusion. Minor bleeding was defined as a ≤ 3 g/dl drop 
in hemoglobin, while major bleeding was defined as a > 3 g/
dl drop in hemoglobin, an expanding groin or the presence 
of a retroperitoneal hematoma or bleeding requiring blood 
transfusion.

statistical analYsis

Data are reported as mean ± SD. Categorical variables were 
compared by chi-square tests. Standard formulas for sensitiv-
ity, specificity, and positive and negative predictive values were 
used. All P values are two-tailed, and P < 0.05 was considered 
significant.

CICU = Cardiac Intensive Care Unit

results

A total of 296 consecutive patients (mean age 61 ± 13 years, 
range 29–92; 82% males) met the inclusion criteria of this 
study and their data were included in the analyses. Selected 
baseline characteristics of the study group are listed in Table 
1. Twenty-seven of them (9%) had a past history of MI (14 
anterior and 13 inferior), while this was the first MI for the 
other 269 study patients. Mean duration of time from symp-
tom onset to hospital arrival was 189 ± 460 minutes (range 
30–720). All patients underwent PPCI, and the mean door-to-
balloon time was 44 ± 15 minutes (range 20–90). The median 
duration of hospitalization was 6.4 ± 2.8 days (range 5–33). 
A total of 175 patients (59%) received glycoprotein IIb/IIIa.

The first echocardiogram was performed within 1.2 ± 0.9 
days of admission and the second after 5.8 ± 3.6 days. The mean 
admission LVEF for the entire cohort was 42 ± 7.0% (range 
20–60%) and the mean hospital discharge LVEF 45 ± 8% 
(range 20–60%), representing a mean change in LVEF of 2.8% 
(P < 0.0001). LVT had been demonstrated on the admission 
echocardiogram of seven patients (2%) [Table 2] and again on 
the second echocardiogram in six of them. The second exami-
nation of the seventh patient showed no evidence of the LVT 
that had been suspected on the first echocardiogram. An LVT 
was found only on the second echocardiographic examination 
in another 8 patients (2%) [Table 3], totaling 14 patients whose 
second echocardiographic examination demonstrated an LVT 
(4.7%, 14/296). Wall motion abnormalities were identified 
in all 15 patients with LVT (100%). Of 281 patients without 

LVEF = left ventricular ejection fraction

Table 1. Selected baseline characteristics of the study group (n=296)

ACE = angiotensin-converting enzyme, ARB = angiotensin receptor blockers

n %

Males 231 82.2

Diabetes
Hyperlipidemia
Family history for ischemic heart disease
Current smoker
Past smoker
Hypertension

61
140
40
116
26
105

20.6
47.3
13.5
39.2
8.8
35.5

treatment
Aspirin
Clopidogrel
Beta blockers
Nitrates
Calcium channel blockers
Coumadin
ACE inhibitors/ARB
IIb/IIIa receptor blockers  

20
2
18
2
11
4
8
175

6.8
0.7
6
0.7
3.7
1.4
6.1
59

time interval
Time from symptom onset to first medical 
contact (min)

Door-to-balloon time (min)

189 ± 81

44 ± 15
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between those with an LVT (41 ± 7 minutes) and those without 
(43 ± 4 minutes, P = 0.26). The use of IIb/IIIa receptor block-
ers had no effect on thrombus formation. There were no other 
significant epidemiological or clinical differences between the 
patients in the LVT and non-LVT groups. No LVT was detected 
in patients with a past history of anterior MI. The six patients 
who demonstrated an LVT on both their first and second echo-
cardiographic examinations were older and had lower LVEF 
values compared with the eight patients in whom LVT was 
present only in the second examination. All 14 patients with 
an LVT on their second echocardiographic examination were 
started on oral anticoagulation therapy with warfarin and were 
advised to continue taking it for at least 6 months. 

Seventeen patients (6%, 17/296) experienced access site-
related bleeding, including 6 (2%, 6/296) major bleeding 
events that necessitated blood transfusions for expand-
ing groin hematoma. Noteworthy, two of these six events 
occurred within the first 24 hours of admission. There were 
no cases of intracranial bleeding or of bleeding that required 
surgical intervention. Eleven patients (4%, 11/296) had minor 
bleeding events that resolved without any intervention.

Follow-up echocardiograms were available for 9 of the 
14 patients who had demonstrated an LVT on the second 
in-hospital echocardiogram. They were performed within a 
mean of 130 days (range 15–220) following hospital discharge. 
There was evidence of an LVT in three of these patients. 
Anticoagulation treatment was continued in two of them but 
was stopped in the third patient after he suffered a hemorrhagic 
stroke. Anticoagulation was stopped in the other six patients 
when the echocardiographic examination ruled out the pres-
ence of an LVT. One of the five patients for whom there was 
no follow-up echocardiograph continued on anticoagulation 
treatment and the other four were lost to follow-up. 

discussion

Previous reports have shown that an LVT characteristically 
continued to complicate the course of many patients post-acute 
STEMI, albeit much less frequently following the introduction 
of thrombolysis, PPCI and dual antiplatelet therapy [5,6,12-15]. 
This was especially true for large AMIs. In those trials, the use 
of IIb/IIIa receptor blockers had no direct influence on LVT 
formation early after the occurrence of an AMI [5,6,14]. 

The genesis of a thrombus is probably related to a combina-
tion of factors, such as stasis of blood in areas of akinetic or 
dyskinetic wall motion, and a hypercoagulable state during 
the peri-infarction period. Early reperfusion therapy by PPCI 
results in salvage of the myocardium and reduction in the 
infarct area, thus promoting early recovery of LV function. 

The presence of an LVT is associated with overall worse 
prognosis, with about 10% of thrombi resulting in systemic 
embolization. Kontny et al. [9] reported that the addition of 

thrombus, normal LV function without segmental wall motion 
abnormalities was demonstrated in 37 cases (12.5%)

Patients with an LVT had significantly lower LVEF than 
those without, both at admission (39 ± 2% vs. 42 ± 7% respec-
tively, P < 0.003) and prior to hospital discharge (41 ± 5% versus 
45 ± 8% respectively, P < 0.001). Importantly, all patients with 
LVT had an LVEF ≤ 40. No LVT was demonstrated in patients 
with mild (45–50%) or preserved (≥ 50%) LVEF. Patients with 
an LVT had longer time to reperfusion, related mainly to the 
time that had elapsed from onset of symptoms to first medi-
cal contact, compared with those without an LVT (median 215 
± 296 minutes vs. 167 ± 487 minutes, respectively), however, 
this difference did not reach a level of significance (P = 0.168). 
There was also no significant difference in door-to-balloon time 

Table 2. Demonstration of a left ventricular thrombus on the first 
echocardiogram

no thrombus
(n = 289)

thrombus
(n = 7) P 

Age (yrs) 61 ± 13 60 ± 13 0.859

Admission LVEF 
Discharge LVEF

42 ± 7%
45 ± 8%

39 ± 2%
39 ± 3%

0.162
0.003

Males 61 (21%) 2 (29%) 1.000

Diabetes mellitus
Dyslipidemia
Family history of ischemic heart disease
Current/past smoker
Hypertension

59 (22%)
137 (50%)
40 (15%)
138 (50%)
104 (38%)

2 (33%)
3 (50%)
0 (0%)
3 (50%)
1 (17%)

0.614
1.000
0.599
1.000
0.416

treatment
Chronic aspirin
Chronic clopidogrel
IIb/IIIa receptor blockers
Beta blockers
Nitrates
Calcium channel blockers
Coumadin
ACE inhibitors/ARB

20 (10%)
2 (1%)
166 (58%)
17 (9%)
2 (1%)
11 (6%)
3 (2%)
18 (9%)

0 (0%)
0 (0 %)
9 (60%)
1 (25%)
0 (0%)
0 (0%)
1 (25%)
0 (0%)

1.000
1.000
1.000
0.312
1.000
1.000
0.077
1.000

LVEF = left ventricular ejection fraction 

Table 3. Demonstration of a left ventricular thrombus on the 
second echocardiogram 

no thrombus
(n = 282)

thrombus
(n = 14) P 

Age (yrs) 62 ± 13 56 ± 10 0.130

Admission LVEF 
Discharge LVEF 

42 ± 7%
45 ± 8%

39 ± 3%
41 ± 5%

0.001
0.009

Male gender 60 (22%) 2 (14%) 0.741

Diabetes mellitus 
Dyslipidemia
Family history of ischemic heart disease
Current/past smoker
Hypertension

59 (22%)
134 (50%)
38 (14%)
134 (50%)
102 (38%)

2 (15%)
7 (54%)
2 (15%)
8 (61%)
3 (23%)

0.741
1.000
1.000
0.602
0.383

time interval
Time from symptom onset to first 
medical contact (min)

Door-to-balloon time (min)

215 ± 296

41 ± 7

167±487

43 ± 4

0.168

0.268
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The rate of bleeding events in our group was comparable 
with the rates of major and minor bleeding complications in 
trials where standard anticoagulation was used in patients 
with STEMI undergoing PPCI [19,23]. None of our reported 
patients had intracranial bleeding. Moreover, since two of the 
major bleeding episodes and four of the minor ones occurred 
within the first 24 hours of anticoagulative administration, 
they cannot be related to prolonged treatment. 

Unlike the absence of published data on the effect of pro-
longed anticoagulation on the incidence of LVT in patients 
undergoing PPCI, the administration of anticoagulants for 
the duration of hospitalization in STEMI patients has been 
assessed in several clinical trials [23-25]. Nevertheless, there is 
no consensus on the optimal duration of anticoagulant treat-
ment for various cardiac indications. The American College 
of Cardiology/American Heart Association guidelines for 
the management of patients with STEMI recommend the 
administration of anticoagulants for patients who are at 
high risk for systemic emboli (e.g., large or anterior MI, atrial 
fibrillation, previous emboli or known LVT) [16]. The 2008 
update suggests anticoagulation therapy for the duration of 
the index hospitalization in patients not undergoing PPCI. 
The European Society of Cardiology guidelines recommend 
that anticoagulation therapy be stopped following PPCI [17]. 
Glick and colleagues [24] demonstrated that extending the 
anticoagulant effect of heparin by continuous treatment with 
LMWH for 25 days may prevent recurrent coronary events 
for at least 1 month among patients with a recently diagnosed 
STEMI who were treated by streptokinase. The ExTRACT 
TIMI 25 trial [25] demonstrated that the use of enoxaparin for 
the duration of hospitalization (median 7.0 days) lowered the 
30 day incidence of recurrent MI as well as the need for urgent 
revascularization compared with 48 hours of unfractionated 
heparin administration. There was, however, an increased 
risk of major and minor bleeding, although not intracranial 
bleeding. The 1 year results from that trial suggested that the 
primary endpoint (a composite of death from any cause or 
non-fatal MI) was obtained, but there was no additional ben-
efit beyond 30 days and enoxaparin was not associated with 
reduced mortality at 1 year. On the other hand, the OASIS 6 
trial demonstrated that fondaparinux (a factor Xa antagonist) 
therapy for up to 8 days or hospital discharge was not better 
than unfractionated heparin given for 48 hours in terms of 
preventing death or reinfarction at 30 days among STEMI 
patients [23]. 

Our study has the usual limitations of a non-randomized 
retrospective observational analysis. We compared our find-
ings with historical controls since our departmental policy is to 
administer prolonged anticoagulation treatment to all AAMI 
patients post-PPCI. This precluded our having a contemporary 
non-treated control group, which made it difficult to determine 
the precise contribution of the duration of treatment to the 

a regimen of anticoagulation with LMWH throughout the 
period of hospitalization in patients with an AMI treated with 
thrombolysis led to a marked reduction in the formation of 
LVT compared to placebo. However, the effect of this thera-
peutic approach in patients undergoing PPCI for AMI has not 
been evaluated in depth. 

With the exception of LVEF, there were no significant dif-
ferences between the thrombus and non-thrombus groups 
in our cohort, including use of IIb/IIIa receptor blockers and 
all the other examined echocardiographic findings, such as 
regional hypo/akinesia, mitral regurgitation and LV end-
diastolic diameter.

We tried to compare our findings with data retrieved from 
previous observational studies that examined the prevalence 
of LVT in AAMI patients who were treated with PPCI and 
standard anticoagulation therapy for 48 hours [14,15] [Table 
4]. However, a statistical multivariate analysis would have 
been needed in order for comparisons with other reports to 
be of value, but that was not possible due to missing data in 
those reports. 

The main drawback of continuous anticoagulation is the 
increased risk of hemorrhage. The recent HORIZONS-AMI 
trial demonstrated a direct relation between bleeding compli-
cations and adverse outcome in AAMI patients treated with 
various anticoagulation strategies [19]. This trend was demon-
strated in a number of other studies [20,21]. Anemia developing 
post-PCI or in the setting of an MI is also associated with a 
worse outcome [22]. On the other hand, continuous prophy-
lactic anti-coagulation with warfarin for LVT (recommended 
for 3–6 months) is associated with increased bleeding risk, 
with an estimated absolute rate of PPCI of 0.5% per year in the 
general population. The hemorrhagic episodes usually happen 
in the first months of anticoagulation, and the rate is markedly 
increased with concomitant dual antiplatelet therapy [22].

LMWH = low molecular weight heparin

Table 4. Selected baseline characteristics of the current study 
group compared to historical study groups 

solheim 
et al. [14]

osherov 
et al. [15]

current 
group

100297296Patients

84 (84%)242 (81%)231 (82%)Males

8 (8%)
48 (48%)
44 (44%)

76 (25%)
Not reported
142 (48%)

61 (20.6%)
27 (9%)
142 (48%)

Diabetes
Previous infarction
Current or past smoker

45 ± 542 ± 1142 ± 7Ejection fraction (%)* 

215Not reported233Time to percutaneous coronary 
intervention (min)

49 (49%)Not reported175 (58%)GP IIb/IIIa receptor blockers

10 (10%)21 (7.1%)14 (4.7%)Left ventricular thrombus formation

*In the first echocardiogram
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prevention of LVT formation, as well as determine the relative 
risk of bleeding between the treated and non-treated groups. 
In addition, we did not follow all our patients to assess the 
prevalence of LVT formation after hospital discharge.

conclusions

PPCI followed by continuous anticoagulation therapy for 
the ensuing 5 days of hospitalization was associated with a 
low (4.7%) incidence of LVT in patients who presented with 
AAMI. This regimen was not associated with a significant risk 
of bleeding complications. Determination of the exact contri-
bution of prolonged in-hospital anticoagulation awaits large 
randomized prospective trials.
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“it is in the character of very few men to honor without envy a friend who has prospered”
Aeschylus (524-456 BC), first of the three ancient Greek tragedians whose plays are still read and performed, the others  

being Sophocles and Euripides. He is often described as the father of tragedy




