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Abstract Previous studies have reported that left
ventricular (L'V) thrombus is a complication in 10-56% of
ST-segment elevation acute anterior wall myocardial
infarctions (AWMI). Data suggest that changes in acute
myocardial infarction management such as early anticoag-
ulation, thrombolysis, and most recently, primary percuta-
neous coronary intervention (PCI), may decrease thrombus
occurrence. Early time to reperfusion has been shown to
decrease mortality and improve LV function recovery. To
determine if door-to-balloon time (DTBT) affects the inci-
dence of LV thrombus, we retrospectively analyzed data on
43 consecutive patients who underwent successful PCI of a
primary acute ST-segment elevation AWMI. Transthoracic
echocardiography was performed for detecting L'V throm-
bus and measuring LV ejection fraction (EF) within 5 days
on all patients (average time: 2.17 days post event). Nine-
teen patients underwent PCI within 2 h of arrival to the
Emergency Department (Group A, average 88 min) and 24
patients underwent PCI with DTBT of more than 2 h
(Group B, average 193 min). Clinically significant LV
thrombus was detected in 35% of all patients. The incidence
of LV thrombus formation in Group A was not significantly
different from that in Group B (42.1% vs. 29.0%, respec-
tively; P = 0.52). The risk of LV thrombus was independent
of in-hospital anticoagulation and medical management,
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peak enzyme levels, and LVEF but did relate to age (odds
ratio = 1.96, 95% CI 1.03-3.73, P = 0.04 per decade). No
embolic events in hospital were observed (average hospital
stay 9.2 days). We conclude that the incidence of LV
thrombus remains high despite PCI. Also, we find that
DTBT in patients presenting with an ST-segment elevation
AWMI does not affect the incidence of LV thrombus for-
mation. Increased age, however, does appear to increase the
risk of LV thrombus development.

Keywords Left ventricular thrombus - Anterior wall
myocardial infarction - Percutaneous coronary intervention -
Anticoagulation

Introduction

Left ventricular (LV) thrombus is a common complication
of anterior wall myocardial infarction (AWMI) and is of
great concern due to the associated risk of systemic
embolization. Anticoagulation, the current standard ther-
apy for LV thrombus, exposes the patient to the risk of
bleeding. The incidence of LV thrombus has been reported
at rates up to 56% [1-7]. Recent studies suggest a decrease
in the rate of occurrence of LV thrombi, which have been
attributed to changes in acute myocardial infarction (AMI)
management. Studies show that early anticoagulation with
heparin decreases the risk of LV thrombus formation
[8-12]. Reperfusion therapy with thrombolysis has also
been shown to decrease the incidence of LV thrombus
thought to be secondary to decreased infarct size and
preservation of LV function [13-17]. Two studies have
evaluated the effect of percutaneous coronary intervention
(PCI) on LV thrombus formation and report an incidence
post AWMI of 10% and 15% [18, 19].
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Early time to reperfusion, specifically the time from
initial presentation to a hospital to first PCI (door-to-bal-
loon time (DTBT)) has been shown to decrease mortality
and improve recovery of LV function [20-23]. The object
of this study was to evaluate the effect of time to reper-
fusion by primary PCI on the incidence of LV thrombus by
retrospectively analyzing data on 43 consecutive patients
who underwent successful PCI of a primary ST-segment
elevation AWML

Methods

Approval was obtained by the Columbia University Insti-
tutional Review Board. Basic demographics were collected
on 175 consecutive ST-segment elevation myocardial
infarctions (STEMI) that presented to Columbia University
Medical Center Emergency Department (ED) from
December 2000 to April 2003. STEMI was defined as chest
pain at rest for >20 min and an ST-segment elevation of
greater or equal to 1 mm in two contiguous leads or new or
not known to be old left bundle branch block. Of the
patients that presented and underwent cardiac catheteriza-
tion, 53 had an AWMI. Of the 53, 43 had a primary event
with a culprit lesion identified and treated with successful
angioplasty and coronary stenting of the culprit lesion.

Once the patient arrived to the hospital, a timeline of
events from time of evaluation by ED triage (‘‘door’’ time)
until coronary balloon inflation was recorded. Patients in
group A had a DTBT of <2 h, and group B consisted of
those patients with DTBT >2 h and <6 h. A chart review
was conducted for each patient to obtain baseline patient
demographics, past medical history, lab data, and electro-
cardiograms. The administration of medications including
intravenous heparin, platelet glycoprotein IIbIlla inhibitors,
clopidogrel, aspirin, beta-blockers, ACE-inhibitors, statins,
and warfarin was noted. Catheterization data including
lesion site and residual stenosis was collected.

Two-dimensional echocardiograms were done on all
patients within 5 days of the event. The clinical echocar-
diographic study, interpreted by an experienced echocar-
diographer, was used to determine the presence of
thrombus. The presence of an LV thrombus was defined as
an echogenic mass with a convex surface which was
clearly distinct from the endocardium and was located in a
region of abnormal wall motion. Clinically significant LV
thrombus was defined as evidence or suggestion of a
thrombus that resulted in the decision to institute long-term
anticoagulation with warfarin.

Statistical analysis was performed using the SAS 8.2
(SAS Institute, Cary, NC). Continuous variables were
compared between subjects in Groups A and B by unpaired
t-test. Categorical variables were compared by Fisher’s

@ Springer

exact test. Comparisons were also performed between
those with and without LV thrombus in order to assess the
effect of the measured independent variables upon out-
come. Multivariable logistic regression analysis was per-
formed including variables that were significant at a 0.10
level using a backwards elimination variable selection
technique. For all tests a P value of <0.05 was considered
significant.

Results

Clinical characteristics are shown in Table 1. Overall,
group A (DTBT <2 h) had significantly more male
patients than group B (89.5% vs. 58.3%) and had fewer
diabetic patients (15.8% vs. 41.7%). The patients in the two
groups were similar in age, and in percentage of patients
who were smokers and had hypertensive disease. Also,
there was no statistically significant difference in peak
troponin levels (group A =837.5, group B = 760.6,
P =0.24).

Average DTBT for patients in group A was 88.8 min
and group B was 193.2 min. The number of patients who
developed clinically significant LV thrombus in group A
and group B was 8 (42.1%) and 7 (29.0%) respectively.
This was not significantly different (P = 0.52). All cathe-
terizations were described as successful with 86% of left
anterior descending (LAD) coronary lesions stented open
to 0% residual stenosis (group A + group B) and the rest
were stented open to at least 30%, with no significant
difference between the two groups. The distribution of the
LAD coronary stenosis site was also similar.

All echocardiograms were performed within 5 days of
presentation (average = 2.17, group A =1.9, group
B = 2.4). There was no significant difference in the aver-
age ejection fraction (EF) between groups (group A = 37.9,
group B = 38.8, P = 0.53). All LV thrombi were described
as mural and/or apical with no evidence of mobility or
protrusion. There was no significant difference between
end LV diastolic dimensions in the two groups with the
majority being within normal limits.

One patient in each of groups A and B required the use
of an intra-aortic balloon pump. One patient in group A
suffered anoxic brain injury and one patient in group B
died within 48 h after event. All other patients left the
hospital with an average hospital stay of 9.2 days. Warfarin
was started on 15 patients with evidence or suggestion of a
thrombus on echocardiogram. Warfarin was also started on
one patient in group B with no evidence of a thrombus but
with reduced EF and apical akinesis. There were no sys-
temic emboli in either group during the hospitalization.

Univariate analysis showed that the development of an
LV thrombus was not related to tobacco use, hypertension,
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Table 1 Clinical characteristics

<2h >2h P value

n=19 n=24
Age 64.5 +11.3 63.8 +11.2 0.84
# Male 17 (89.5%) 14 (58.3%) 0.04
Tobacco 6 (31.6%) 7 (29.2%) 1.0
HTN 12 (63.2%) 16 (66.7%) 1.0
Diabetes 3 (15.8%) 10 (41.7%) 0.10
Peak troponin 837.5£537.1 760.6 +813.1 0.24
DTBT 88.8 +25.2 176.6 + 1109 -
Lesion proximal LAD 10 (52.6%) 10 (41.7%) 0.55
0% residual stenosis 17 (89.5%) 20 (83.3%) 0.68
Echo day # 1.9+09 24+ 1.1 0.07
EF 379 £ 6.7 38.8 +11.9 0.53
LV thrombus 8 (42.1%) 7 (29.0%) 0.52

 Different by definition
DTBT = door-to-balloon time

diabetes and LVEF after AWMI (Table 2). There was a
trend towards significance for peak troponin as a risk factor
for LV thrombus. The development of LV thrombus did
relate to age (odds ratio = 1.96,95% CI 1.03-3.73, P = 0.04
per decade). The use of heparin and GPIIbIIIa inhibitors was
similar in all patients. Aspirin, clopidogrel, B-blockers,
statins, and ACE-inhibitors were started in all but one
patient by day 5 unless contraindicated (data not shown). In
multivariate analysis peak troponin was not significant,
leaving age as the only variable predictive of LV thrombus.

Discussion

This study demonstrates that there is no statistical differ-
ence in the development of LV thrombus within the first

Table 2 Univariate analysis of the development of LV thrombus
(LVT)

LVT NO LVT P value

n=15 n=28
Age 69.0 + 8.9 61.5+7.7 0.03
# Male 12(80.0%) 23 (67.9%) 0.49
Tobacco 5 (33.3%) 8 (28.6%) 0.74
HTN 9 (60.0%) 19 (67.9%) 0.74
Diabetes 5 (33.3%) 8 (28.6%) 0.74
Peak troponin 919.7 £ 370.9 727.6 = 618.2 0.07
Lesion proximal LAD 7 (46.7%) 13 (46.4%) 1.0
0% residual stenosis 12 (80.0%) 25 (89.3%) 0.65
Heparin/heparin analogue 14 (93.3%) 26 (92.9%) 1.0
GPIIbllla inhibitors 12 (80.0%) 26 (92.89%)  0.32
EF 36.0 + 4.8 39.6 + 8.8 0.33

DTBT = door-to-balloon time

few days after an ST-segment elevation AWMI based on
time to reperfusion by primary PCI. Patients with DTBT of
<2 h were more likely to male and less likely to have
diabetes, similar to previously reported data [20]. However,
it appears that LV thrombus development is independent of
these factors. Statistical analysis shows a relation between
age and incidence of LV thrombus. Given the study design,
this relationship is not confounded by previous events or
delayed time to treatment. This relationship has not been
previously observed.

Recent studies have shown a trend toward a decreasing
incidence of LV thrombus, attributed to the changes in
STEMI management. Heparin therapy, now one of the
standard therapies of care during a STEMI, has been shown
to decrease the risk of LV thrombus formation after STEMI
[8, 9]. However, a meta-analysis of four studies could only
show a trend toward statistical significance [10]. There are
conflicting data regarding the use of thrombolysis and the
incidence of LV thrombus. Data suggest that though the
use of thrombolysis may not be associated with a lower
incidence of LV thrombus, successful reperfusion with
TIMI 2-3 flow does correlate with a decreased incidence
[13, 17]. In addition, the use of thrombolysis has been
associated with a lower incidence of systemic embolization
[16]. Data suggest that there is a positive relation between
systemic embolization and thrombus morphology, such as
protrusion into the LV and mobility [23, 24]. After
thrombolysis, the decreased incidence of systemic embo-
lization may be attributed to morphologic changes seen on
echocardiogram [16].

There is limited data on the effect PCI has on LV
thrombus and systemic embolization. Our study reports an
incidence higher than the recently reported data of 10-15%
after PCI. Greaves et al. reported an LV thrombus post all
STEMI incidence of only 3.7% by day 11 in a population
of patients where approximately 80% of patients received
thrombolysis or primary PTCA [14]. Kalra and Jang also
reported a 10% (3/30) incidence of LV thrombus after an
AWMI and PCI [18]. Nayak et al. showed a 15% incidence
of LV thrombus post AWMI and PCI in subgroup analysis
[19]. Such data suggest that PCI may decrease the risk of
LV thrombus.

Past studies assessing LV function and thrombus for-
mation after STEMI have used symptom onset to balloon
time as time to reperfusion, which may also affect reported
differences from our findings. Symptom onset time was not
collected in our study as it is a difficult point to define.
Early data suggest that time from ED arrival until time to
PCI is a better predictor of mortality than time from
symptom onset until PCI [20]. However, a recent study
suggests that this indeed may be a significant variable [25].
TIMI flow has also been reported in previous studies and
may potentially affect LV thrombus formation. While

@ Springer



144

LeRoy E. Rabbani et al.

DTBT clearly affects mortality in primary PCI for STEMI,
this relationship may be independent of the recovery of LV
function and thrombus formation. Indeed, it is possible that
the recovery of the LV function and thrombus formation
may be more closely linked to the symptom onset time.

On univariate analysis, we discovered a trend toward
significance of peak troponin levels and the development of
LV thrombus (P = 0.07). However, this was not true for
LVEF which has been shown to correlate with LV
thrombus formation in a past study of AMI without PCI
[15]. EF has been shown to correlate with troponin levels
>12-48 h after presentation when enzyme levels plateau
[26, 27]. Peak troponin levels vary as a result of coronary
reperfusion and could be a marker for LV thrombus for-
mation. This would need to be further evaluated with a
larger sample size powered to show statistical significance.
In this regard, it is noteworthy that peak creatine kinase
level on day one post Q wave anterior wall MI has emerged
as the strongest independent predictor of subsequent
recovery of ventricular function by multivariate analysis in
a study measuring several clinical and echocardiographic
measures [28].

In our study, the development of LV thrombus did relate
to age on univariate and multivariate analysis. The average
age of the patients in our data set was 64 years as compared
to 61 years in the Kalra and Jang study, which may par-
tially account for the percentage difference in LV thrombus
incidence. In addition, differences in echo timing as well as
more sensitive echo techniques may have contributed to
this discrepancy. One prior study showed age was not a
significant risk factor in multivariate logistic regression
analysis for LV thrombus after a first AWMI where 63%
had revascularization therapy with either thrombolytics or
PCI [29]. No previous studies have assessed the relation-
ship between patient age and formation of LV thrombus
after PCIL. It is possible that age, independent of prompt
reperfusion therapy, contributes to LV thrombus develop-
ment. Indeed, the GUSTO-1 angiographic experience
revealed that elderly patients have increased LV dysfunc-
tion despite successful thrombolysis [30]. Moreover,
elderly patients had increased damage in the infarct zone
and persistently increased mortality despite sustained
infarct related patency after successful thrombolysis [30].
The activity of Cardiac 5’-nucleotidase, the enzyme which
mediates the conversion of adenosine monophosphate to
adenosine, increases with age and is inversely related to
functional recovery of the myocardium after ischemia [31].

In our study, no LV thrombi had morphologic charac-
teristics that are associated with increased risk of systemic
emboli. There were no in-hospital emboli, the time period
where emboli are most common. Previous data does sug-
gest that successful reperfusion may change the morpho-
logic characteristics of LV thrombi, making them less
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likely to embolize [10, 16, 24]. This effect should be
further characterized for PCI. Also with PCI, many anti-
coagulant agents are instituted, including the early use of
heparin and GP IIbllla inhibitors, as well as long term
agents such as clopidogrel and aspirin. With these changes
in STEMI management the risk of bleeding versus benefit
of adding warfarin in the setting of LV thrombus should
also be addressed. Indeed, the higher incidence of LV
thrombus in elderly patients has important clinical ramifi-
cations; in that elderly patients post primary PCI with LV
thrombus treated with aspirin, clopidogrel, and coumadin
are at increased risk for bleeding complications.

In summary, LV thrombus formation after primary PCI
for an acute ST-segment elevation AWMI was not affected
by time to reperfusion but was influenced by advanced age.
Further studies are needed to define the optimal antiplatelet
and anticoagulant regimen for primary PCI patients who
develop LV thrombus.

Study limitations

As a retrospective study, we were unable to obtain certain
data that might have been useful. A prospective study
would have allowed us to collect symptom onset and TIMI
flow data pre and post intervention. Echocardiographic
studies were obtained before the widespread use of echo
contrast agents which improve the sensitivity and speci-
ficity of the echocardiographic diagnosis of LV thrombus.
We would have liked to have repeat echocardiography as
some point after initial assessment to identify possible
subsequent development or interval resolution of LV
thrombus. Finally, our study would have benefited from a
larger study population.
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